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ABSTRACT 

The purpose of this study was to gain and accurately 

depict an understanding of students' experiences in a first 

year 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. 

iii 



Several conclusions arise from this study. The st.2der.t~ 

. - 
perceive this course as an obstacle they must overcene E e x r e  

being permitted to take the courses they wanK. 3 e  cccrse 1s 

not well c3ordinated ~ i t h  the high school curricciur,; i~ 

assumes skills, knowledge and mathematical s~phistic~t:oc 

that are seldom taught in the secondary schools. The course 

tries to accomplish tco many things; mathematical riqozr, 

COmputational techniques, fundamental concepts, prokle!~ 

solving, and the use of scientific calculators are hie-des 

together into a bewildering melange. There is toc mcch 

, . 
material for the time allotted; many topics are Lealt ~ l t 7 -  

superficially. The pace of the course allows no latlt,~de f2r 

student illness, fatigue or personal upsets. 

In summary, this study raises issues net yet 6isc:2sse5 

in the calculus reform debate and puts a persor.al 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 tks: 

are currently drawing a considerable amount of a t t e n ~ h n  5- 

the mathematics and mathematics education ~~~~~~itles. AS 3 

high school teacher who teaches calculus to sone st.ddez~s ~ n d  

Prepares others to study the subject at universi~y, I ha'v'e a 

natural interest in the discussion and research associaLed 

with calculus pedagogy and curriculum. 

The current large-scale interest in calculus refor- 

issues began in the early 1980's when a number of 

mathematicians and computer scientists began to dis~ute the 

traditional pre-eminence of calculus in the college 

mathematics curriculum (Ralston & Young, 1983). A number of 

mathematicians rose to the defense of calculus, b u ~  concluded 

that there was need for change (Douglas, 1986) . 

By the mid 19801s, calculus reform issues had becone 

mainstream in the mathmematics and mathematics educatior. 

Communities. In 1986, a national colloquium with o v r  6OC 

participants was held In Washington, D.C. (Steen, 1988). 



R e p o r t i n g  o n  t h e  c o i i o q u i u m ,  P e t e r s o n  (1981) i d e n t i f i e d  

t h r e e  p r e m i s e s  o f  t h e  r e f o r m  movement ,  " c a l c u l c s  i s  b i q ,  

i m p o r t a n t  - a n d  i n  t r o u b l e n  ( p .  3 1 7 ) .  H u n d r e d s  o f  t h o c s a - d s  

o f  s t u d e n t s  t a k e  c a l c u l u s  c o u r s e s  e a c h  y e a r  t a u g h t  b y  t e - s  cf 

t h o u s a n d s  o f  i n s t r u c t o r s .  F o r  many s t u d e n t s ,  a c m i s s i o 2  Z 2  

t h e i r  c h o s e n  p r o g r a m s  o f  s t u d y  comes  o n l y  a f t e r  t h e y  hz7\;? 

s u c c e s s f u l l y  c o m p l e t e d  a c a l c u l u s  c o u r s e .  The  c a l c ~ l u s  

c o u r s e  i s  o f t e n  t h e  o n l y  u n i v e r s i t y  l e v e l  m a t h e m a t i c s  c c z r s e  

t a k e n  by t h e  m o s t  e d u c a t e d  s e g m e n t  o f  t h e  p o p u l a t i o n .  Yet 

c u r r e n t  c a l c u l u s  c l a s s e s  w e r e  u n d e r  a t t a c k  f o r  a m y r i a d  af 

P e r c e i v e d  i n a d e q u a c i e s  s u c h  a s  o v e r - l a r g e  t e x t b o o k s ,  p o c r  

t e a c h i n g ,  l ow s t a n d a r d s ,  a n d  i r r e l e v a n t ,  c o n c e p t u a l l y  

d e f i c i e n t  c o u r s e  c o n t e n t .  S t u d e n t s  w e r e  n o t  h a v i n g  s u c c e s s  

w i t h  t h e  c o u r s e .  A s u b s t a n t i a l  p o r t i o n  o f  t h e  s t u d e ~ c s  

f a i l e d  o r  w i t h d r e w  e a c h  y e a r .  

H a l f  a  d e c a d e  l a t e r ,  F e r r i n i - M u n d y  a n d  Graham ( 1 9 9 1 )  

commented  t h a t  " s u b s t a n t i a l  d i s c u s s i o n  i s  u n d e r ~ a y  i E  ~ ~ e  

m a t h e m a t i c s  e d u c a t i o n  a n d  m a t h e m a t i c s  c o m m u n i t i e s  c o n c e r n i n s  

c a l c u l u s  p e d a g o g y  a n d  c u r r i c u l u m  a n d  t h e r e  i s  c o n s i d e r a b l e  

momentum f o r  a  n a t i o n a l  r e f o r m  of t h e  c o l l e g e  c a l c u i c s  

c ' d r r i c u l u m "  ( p .  6 2 7 )  . T h e  d e b a t e  c o n t i n u e s  e v e n  t o & ) .  . 

The  c a l c u l u s  r e f o r m  movement ,  s p u r r e d  on  b y  N a t i o n a l  

S c i e n c e  F o u n d a t i o n  f u n d i n g ,  h a s  r e s u l t e d  i n  rcany a n 6  d i v e r s e  

P r o j e c t s  ( T u c k e r ,  1 9 9 0 )  . T h e s e  p r o j e c t s  h a v e  c e n t e r e d  

p r i m a r i l y  o n  c u r r i c u l u m  d e v e l o p m e n t  a n d ,  g e n e r a l l l . ,  h a v e  nc: 



b e e n  b a s e d  o n  r e s u l t s  f r o m  m a t h e m a t i c s  e d u c a t i o n  r e s e a r c h .  Ir 

i s  a " t o p  down" a p p r o a c h  t o  c u r r i c u l u m  d e v e l o p m e n t ;  t h e  

i n s t r u c t o r  d e c i d e s  w h a t  t o  i m p r o v e  a n d  how t o  I m p l e m e n ~  Y r e s e  

i m p r o v e m e n t s .  

F e r r i n i - M u n d y  a n d  Graham ( 1 9 9 1 )  a r g u e  t h a t  " e x i s t i r . ~  

r e s e a r c h  o n  s t u d e n t  l e a r n i n g  i n  c a l c u l u s  h a s  p o t e n t i a l  f e y  

6 2 9 ) .  R e v i t a l i z a t i o n  o f  c a l c u l u s  i n s t r u c t i o r ,  may n o t  b e  2 

mat t e r  o f  c h a n g i n g  c o u r s e  c o n t e n t ,  b u t  o f  p a y i n s  c l o s e  

a t t e n t i o n  t o  how s t u d e n t s  l e a r n .  

One e p i s t e m o l o g i c a l  o r i e n t a t i o n  o f  r e s e a r c h  OR s c c d e r r  

l e a r n i n g  t h a t  seems t o  be p o t e n t i a l l y  p r o d u c t i v e  i s  

c o n s t r u c t i v i s m .  F e r r i n i - M u n d y  a n d  Graham (1991) c O m m e E C  @c 

t h i s .  

A p r e d o m i n a n t  t h e m e  i n  t h i s  a r e a  o f  r e s e a r c h  i s  t k z t  t h e  
l e a r n i n g  o f  m a t h e m a t i c s  i s  a c o n s t r u c t i v e  p r o c e s s .  T h i s  
p r o c e s s  o c c u r s  i n  t h e  c l a s s r o o m  c o n t e x t ,  w i t h  t h e  
l e a r n e r  a t t e m p t i n g  t o  make s e n s e  o u t  o f  i n f o r m a t i o r  b y  
e v a l u a t i n g ,  c o n n e c t i n g ,  a n d  o r g a n i z i n g  i t  r e l a t i v e  t c  
p r i o r  e x p e r i e n c e s  a n d  e x i s t i n g  k n o w l e d g e  s t r u c t u r e .  
T h i s  l i n e  of  r e s e a r c h  h a s  c h a l l e n g e d  t r a d i t i o n a l  
a s s u m p t i o n s  a b o u t  l e a r n i n g ,  s u c h  as  t h e  v i e w  o f  r h e  
s t u d e n t  as  t h e  p a s s i v e  r e c i p i e n t  o f  k n o w l e d g e ,  o r  t h e  
n o t i o n  t h a t  a  m i s c o n c e p t i o n  c a n  b e  e r a d i c a t e d  by t h e  
" p e r f e c t  e x p l a n a t i o n "  o r  b y  s i m p l y  r e o r g a c i z i n a  tke 
c o n t e n t .  ( p .  6 2 9 )  

My own e x p e r i e n c e s  a s  a  t e a c h e r  h a v e  t o l d  n e  t h a t  t h e  

v o i c e s  o f  t h e  s t u d e n t s  m u s t  b e  h e e d e d  c a r e f u l l y  if t h e r e  l c  

t o  b e  e f f e c t i v e  r e v i s i o n  o f  t h e  l e a r n i n g  s i t u a t i o n .  



Reform o f  c a l c u l u s  curriculum a n d  ~ n s t r c c t l o ?  -s 

n e c e s s a r y  f o r  a  var-ety o f  r e a s o n s .  A f t e r  12 y e s r s  cf 2ekS:- 

a n d  c l a s s r o o m  ~ n n o v a t i o n ,  h o w e v e r ,  ;t 1s st111 ~ . z t  e l e a r  

e x a c t l y  what  c h a n g e s  w l l i  be o f  g r e a t e s t  b e n e f l t  Lo r 2 e  

s t u d e n t .  A t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  e x p e r 2 e n c e s  c: Z R e  

C a l c u l u s  s t u d e n t  1s a  p r e r e q u l s l t e  t o  developing ~ s e f d l  

r e f o r m  i n l t l a t l v e s  . 

The Na tu re  and Purpose  of t h i s  Study 

The p u r p o s e  o f  t h i s  s t u d y  was t o  g a i n  a s  t h c r o . a g h  sn 

u n d e r s t a n d i n g  a s  p o s s i b l e  o f  t h e  e x p e r i e n c e s  o f  s t ~ a e n r s  LE E 

. , 
f i r s t  y e a r  c a l c u l u s  c o u r s e  a n d  t o  c o n v e y  t h i s  . ~ n d e r s t a x z : r . c  

to t h o s e  who m i g h t  b e  ab le  t o  u s e  t h e s e  u n d e r s t a - d i n a s  ir 

implementing r e f o r m  m e a s u r e s .  

To a c c o m p l i s h  t h e s e  g o a l s ,  I u s e d  a q u a l i t a z l v e  r e s e a r - ? .  

d e s i g n  a n d  a d a p t e d  many o f  my r e s e a r c h  m e t h o d s  f r o r .  

e t h n o g r a p h y .  S t a k e  a n d  E a s l e y  ( 1 9 7 8 )  summar ize  t h e  q o c l s  cf 

Such a  s t u d y  by w r i t i n g ,  " S e e i n g  r a t h e r  t h a n  m e a s c r i n q  ;(as 

- .  
t h e  a c t i v i t y  o f  t h i s  p r o j e c t "  ( p .  C :  1) . The  r e s u l t s  z r  Z z e  

s t u d y  would  b e  d e s c r i p t i v e  a n d  i n t e r p r e t i v e ,  r a t h e r  t h a -  

n o r m a t i v e  . 

E i s e n h a r t  ( 1 9 8 8 )  distinguishes b e t w e e n  t h e  c ; c e s t l o r s  

t r a d i t i o n a l l y  p o s e d  i n  m a t h e m a t i c s  e d u c a t i o n  r e s e a r c l  2?2 

t h o s e  p o s e d  b y  e d u c a t i o n a l  a n t h r o p o l o g i s t s .  M a t h e n a t l z s  

e d u c a t i o n  r e s e a r c h e r s  a s k ,  "How c a n  m a t h e m a t i c s  Eezz-:-= 2 x 5  



d l e a r n i n g  be i m p r o v e d ? "  a n d  t h e  e t h n o g r a p h e r s  a s k ,  "Kh? i q  

m a t h e m a t i c s  t e a c h i n g  a n d  l e a r n i n g  o c c u r r i n g  i n  t h i s  1- 

t h i s  s e t t i n g ? "  ( p .  100). My c o n t e n ~ i o n  i s  t h a t  t h e s e  a r e  32: 

s e p a r a t e  q u e s t i o n s ,  b u t  t h a t  a n s w e r i n g  t h e  "why" q2estiC-r 

s h o u l d  h a p p e n  p r i o r  t o  a n s w e r i n g  t h e  "how" q u e s t i o n .  

T h e  p u r p o s e  o f  d o i n g  i n t e r p r e t i v i s t  r e s e a r c h ,  a c c c ~ r 5 i r ! c  

, . . 
t o  E i s e n h a r t  ( 1 9 8 8 )  " i s  t o  p r o v i d e  i n f o r m a t i o n  t h a t  %;-- 

a l l o w  t h e  i n v e s t i g a t o r  t o  "make s e n s e "  o f  t h e  w o r l d  f r o ~  L5e  

P e r s p e c t i v e  o f  p a r t i c i p a n t s w  ( p .  1 0 3 ) .  Of t h e  m e t h o d s  ,see 

i n  e t h n o g r a p h i c  r e s e a r c h ,  p a r t i c i p a n t  o b s e r v a t i o n  c f f e r s  t n e  

best  o p p o r t u n i t y  t o  a c c o m p l i s h  t h i s .  S u c h  f i e l d w o r k  5 s  

h o l i s t i c  a n d  c o n t e x t u a l i z e d ;  t h e  s t u d e n t  i s  n o t  a n  

a b s t r a c t e d ,  i s o l a t e d  v a r i a b l e  b u t  i s  p a r t  of  a  s o c i c l  

e n v i r o n m e n t .  S m i t h  ( 1 9 8 7 )  s a y s  o f  s u c h  s t u d i e s  c h a t  ":-he 

r e s e a r c h e r  mus t  p e r s o n a l l y  become  s i t u a t e d  i n  t h e  s u b j e c t ' s  

n a t u r a l  s e t t i n g  a n d  s t u d y ,  f i r s t h a n d  a n d  o v e r  a  p r o l 2 z ? e 4  

t i m e ,  t h e  o b j e c t  o f  i n t e r e s t  a n d  t h e  v a r i o u s  c o n : e x t u ~ l  

f e a t u r e s  t h a t  i n f l u e n c e  i t"  ( p .  1 7 5 )  . 

T h e  s t u d y  was  n o t  e t h n o g r a p h y  i n  t h e  s e n s e  o f  

e d u c a t i o n a l  a n t h r o p o l o g y ,  l a c k i n g  a s  it d o e s  a n y  a r o c n d i n c  5r. 

a n y  c u l t u r a l  t h e o r y .  I t  w a s ,  h o w e v e r ,  q u a l i t a t i y U 7 e  a n d  

i n t e r p r e t i v i s t  a n d  d i d  make u s e  o f  t h e  m e t h o d s  L r a d i t i o n a X y  

u s e d  b y  e t h n o g r a p h e r s .  My u n d e r s t a n d i n g  o f  w h a t  a  s t u d e z t  

u n d e r g o e s  w h i l e  w o r k i n g  t h r o u g h  a  c a l c u l u s  c o u r s e  h a s  bee:l 



c o r ~ s i d e r a b l ~  enhanced and it i s  my hope t h a t  t h e  aCCodnt I 

g ive  w i l l  communicate much of t h i s  knowledge. 

An Overview of the Study 

In August, 1 9 9 1  I began a  b r i e f  p i l o t  s tudy  i 2  wk-icki I 

a t t e n d e d  fou r  l e c t u r e s ,  observed t h r e e  s e s s i o n s  i n  t h e  

Calculus  Lab and had in formal  d i s c u s s i o n s  w i t h  t h e  iI?s:r:2ZOr 

and some s t u d e n t s .  gur ing  t h i s  pe r iod  I was most concerned 

wi th  developing my f ie ldwork s k i l l s .  

- ,  

In September, 1 9 9 1  I e n r o l l e d  a s  a  s t uden t  i n  a  = ; r s t  

semester  c a l c u l u s  course  a t  Simon F r a s e r  U n i v e r s i t y .  B1. =he 

second s e s s i o n  t h e  i n s t r u c t o r  and my c lassmates  were aware 2: 

my r o l e  a s  a  r e s e a r c h e r .  

Because 1 cont inued t o  t e a c h  f u l l  Lime, t h e  c c c r s e  c - 3 ~  

. 7 .  

Was a v a i l a b l e  f o r  me t o  a t t e n d  was an evening coz r se  2e-2 2: 

t h e  Harbour Centre  campus i n  downtown Vancouver. The e l a s s  

c o n s i s t e d  of about 2C s t u d e n t s ,  many of whom had been z'day 

from formal school ing f o r  s e v e r a l  y e a r s .  Seve ra l  of t h e  

s t u d e n t s  were r ecen t  h igh school  g raduazes .  

I p a r t i c i p a t e d  complete ly  i n  t h e  course ,  a t t e ~ d i n a  31: 

l e c t u r e s  and t u t o r i a l  s e s s i o n s ,  completing ass igned  p r o k l 5 r . a  

and w r i t i n g  both  midterm t e s t s  and t h e  f i n a l  e:x:aY.inatie:. . 

I e s t a b l i s h e d  reasonably  c l o s e  con tac t  wi th  a  n7dnber 2 :  

s t u d e n t s  i n  va r ious  ways. Because I was a  c a 1 c u l . d ~  exper:, 

some s t u d e n t s  sought me ou t  f o r  he lp  with problems.  2 t h e r s  



t a l k e d  with me because I brought g raphics  capab le ,  

Programnable calcula:ors t o  c l a s s  and demonstrated ha;.; the:.' 

could  be used t o  work on c a l c u l u s  problems. A snail nxr?.ker 

of  s t u d e n t s  caught r i d e s  with me home a t  t h e  end of  r h e  

even ing .  One s t u d e n t ,  i n  p a r t i c u l a r ,  became a  key i ~ f o r ~ . a ? . t _  

. . 
dur ing  t h e s e  ca rpool ing  s e s s i o n s .  S t i l l  o t h e r  s t u d e n t s  K Q X L C  

come t o  me and spontaneously o f f e r  t h e i r  op in ions  ab3cz 

. . 
v a r i o u s  a s p e c t s  of  t h e  c o u r s e .  The i n s t r u c t o r  was aZ 2 - -  

t imes  suppor t i ve  and approachable  w i t h  r e spec t  50 my 

r e s e a r c h .  

Af t e r  t h e  course  was completed, I conducted and a a d i s  

t aped  in t e rv i ews  w i t h  s i x  of my c lassmates  acd t h e  

i n s t r u c t o r .  

The a n a l y s i s  and r e p o r t i n g  of t h e  d a t a  o c z . ~ r r e d  e7<er S:. 

long pe r iod  of t ime .  I t r a n s c r i b e d  each of t h e  inrerx;ie;%.s. 

Subsequent ly ,  t h e  seven in t e rv i ews  were c o l l a t e d  b). :hex 

uying computer sof tware  known a s  HyperRESEARCF (Hesse-2 lber ,  

D U P U ~ S  & Kinder,  1 9 9 1 ) .  The themes were chosen b y  read in9  

through t h e  t r a n s c r i p t s  and i n  d i s cus s ion  w i t h  xy ChesLs 

a d v i s o r .  T h e  m a t e r i a l  i n  t h e  i n t e rv i ews ,  what was s a i d  b). 

t h e  p a r t i c i p a n t s ,  was w r i t t e n  a s  a n  account c e c t e r e d  arcund 

t h e  themes.  

My f i e l d  no t e s  were used i n  conjunct ion with audio  t a ? e S  

of t h e  l e c t u r e s  t o  w r i t e  a  ch rono log ica l  account o f  my 

exper iences  and those  of  my c lassmates  a s  we p r o c e e d e ~  



. - .  
t h r o u g h o u t  t h e  c o u r s e .  W i t h i n  t h e  a c c o u n t ,  I h a v e  l ~ c l > d 2 e a  

numerous  reflections t h a t  o c c u r r e d  t o  m e  b o t h  i n  Che f i e l a  

a n d  lat.er a s  I r e v i e ~ e d  t h e  m a t e r i a l .  A s  t h e  a c c o u n t  xas 

b e i n g  w r i t t e r , ,  I was m e e t i n g  w i t h  m y  a d v i s o r  on a weekl; .  

b a s i s  a n d  d i s c u s s i n g  t h e  m a t e r i a l  w i t h  h i m .  T h i s  C o - E i ~ ~ i i n ~  

d i a l o g u e  was a  s i g n i f i c a n t  i n f l u e n c e  i n  r e f i n i n g  t h e  zce'oc.?t.  

S e v e r a l  c o n c l u s i o n s  w e r e  d r a w n  f rom t h e  s t u d y .  The 

c o u r s e  t h a t  I t o o k  was s u p e r i o r  t o  t h e  m a j o r i t y  of 

t r a d i t i o n a l  c a l c u l u s  c o u r s e s  d e s c r i b e d  i n  t h e  c a l c u l u s  r e f o r 7  

l i t e r a t u r e .  The i n s t r u c t o r  was e x e m p l a r y  i n  h i s  O r g a l ~ z ~ t ~ 2 ~ .  

a n d  h i s  c a r e  f o r  t h e  s t u d e n t s .  D e s p i t e  t h e s e  a d v a n t a g e s ,  

t h e r e  were a  number o f  c o n s p i c u o u s  d r a w b a c k s  t o  : h i s  z c c r s e .  

The c o u r s e  was i n t e n d e d  as a  f i l t e r ;  i t  was a  h u r d l e  :hay ?& 

to b e  c l e a r e d  b e f o r e  t h e  s t u d e n t  c o u i d  t a k e  c o u r s e s  tha:  h e  

o r  s h e  w a n t e d .  T h e r e  was i n a d e q u a t e  a r t i c u l a t i o n  SeL-deen t z e  

c o n t e n t  a n d  e x p e c t a t i o n s  i n  t h i s  c o u r s e  a n d  what  w a s  c o v e r e c  

i n  h i g h  s c h o o l .  The c o u r s e  was se t  u p  s o  t h a t  s t a d e n t s  x z r k e c  

7 i n d e p e n d e n t l y ,  i n  i s o l a t i o n  r a t h e r  t h a t  c o o p e r a t l v e l p .  -39 

many a s p e c t s  o f  m a t h e m a t i c s  were c o v e r e d  i n  t h e  o n e  c c u r s e :  

t e c h n i q u e s ,  c o n c e p t s ,  a p p l i c a t i o n s ,  p r o b l e m  s o l v i n g  a n d  

. . 
r ~ g o r o u s  u s e  o f  l a n g u a g e  a n d  s y m b o l s .  Too much n a t e r l s -  ~ 2 s  

c o v e r e d  in t h e  t i m e  a v a i l a b l e ,  f o r c i n g  s t u d e n t s  l n t c  2 

s u r v i v a l  "what  i s  t h e  minimum I n e e d  t o  know" mode.  



The s tudy  added t o  t h e  c a l c u l u s  reform e f f o r t  

d i s c u s s i o n s  i n  s e v e r a l  ways. ~ l t h o u g h  t h e  s t u d e n t s  v s i z e 5  

d i s s a t i s f a c t i o n  with many a spec t s  of t h e  course ,  thel .  dij :St 

- .  
sugges t  r a d i c a l  changes.  The impetus f o r  r e f o r n  ~ O U L Z  

l i k e l y  come from t h e  s t u d e n t s .  There was no t ime f o r  

s t u d e n t s  t o  recover  from i l l n e s s ,  f a t i g u e  o r  upheavzis in 

t h e i r  pe r sona l  l i v e s  i n  t h i s  cou r se .  N o r  was t h e r e  

s u f f i c i e n t  time f o r  them t o  p roper ly  a s s i m i l a t e  t h e  ca-ZerCS 

they  were meant t o  l e a r n .  There was a  r e luc t ance  zn3T.s tZ 

A t h e  s t u d e n t s  t o  work t o g e t h e r .  These f a c t o r s  r e q u i r e  f u r - " , e 7  

s t u d y .  

Of some s i g n i f i c a n c e  t o  me was t h e  impact t h a t  t h i s  

s t y l e  of r e sea rch  had on me p e r s o n a l l y .  The d a ~ a  were ? O Z  

+ h  o b j e c t i v e  measurements t o  be s t a t i s t i c a l l y  manipula tez;  

were even t s  t h a t  I l i v e d  and shared wi th  my c l a s sma te s .  

Consequently,  I f e e l  I have a  much deeper  u n d e r s t a n d i ~ g  of 

t h e  s t u d e n t  exper iences  and g r e a t e r  empathy w i c n  therr.. 

S t r u c t u r e  of the Thesis 

Chapter  I1 i s  a  review of t h e  l i t e r a t u r e  r e l e v a r t  Zs 

t h i s  s t u d y .  The l i t e r a t u r e  of  t h e  c a l c u l u s  r e f e r r ,  ixo-teT,ert 

i s  c i t e d ,  with p a r t i c u l a r  a t t e n t i o n  be ing  pa id  ~3 t h e s e  

i s s u e s  which helped me t o  form a  framework f o r  m y  i r i t i a l  

obse rva t ion  dur ing  t h e  f i e ldwork .  This  i s  fol lowed by a 

summary of c u r r e n t  r e sea rch  p e r s p e c t i v e s  i n  t h e  zeachinq s?.d 



- .  - - l e a r n i n g  of mathematics t h a t  l e d  me t o  a q U a - i t Z t i ~ e  r e s e z r - -  

d e s i g n .  The l i t e r a t u r e  was a l s o  reviewed t o  a i s c c v e r  ax;. 

p r i o r  s t u d i e s  c l o s e l y  r e i a t e d  t o  t h i s  one .  

Chapter  I11 i s  a d e s c r i p t i o n  of how t h e  research  

conducted.  Sources suppor t ing  and exp la in ing  z h ?  rle=hocis 

chosen a r e  c i t e d .  

Chapter  IV i s  i n  two p a r t s .  The f i r s t  par: i s  a  

I L C . L , y C l . C  ch rono log ica l  account of  my exper iences  a s  a  p a r f ; - ' - - - +  

. ~ 

o b s e r v e r .  The second p a r t  i s  m a t e r i a l  from in t e rv i ews  b::tX 

s i x  s t u d e n t s  and t h e  i n s t r u c t o r .  This m a t e r i a l  i s  Z r r a - ~ e d  

by theme. 

-' 

Chapter  V d i s c u s s e s  t h e  l i m i t a t i o n s  of :he 5 ~ 3 5 ~ .  A & -  - -  2 - 

i s  fol lowed by a  number of conc lus ions  reached c h r c x g t  ~ ? . : 5  

. . 
Study.  I make s e v e r a l  obse rva t ions  and recomrnen3atiors wit: 

r e s p e c t  t o  t h e s e  conc lus ions .  F i n a l l y ,  t h e  impacc c h a t  :k-:S 

s tudy  has  had on me i s  b r i e f l y  d i s c u s s e d .  



CHAPTER I1 

LITERATURE= REVIEW 

S e l e c t i o n  of L i t e r a t u r e  for R e v i e w  

The literature reviewed for this study has a dive-sit-. - - Y  

that is a consequence of the interaction between the research 

problem and the research methodology. In this chapter 1 

review the literature that impacted on the formulation 2nd 

evolution of the research problem and the literature t:?aL 

lead to the choice of the research methodology used in tkis 

project. In this section I categorize the literature xi:?- 

respect to the use that is made of its infornation in this 

study. 

The first category is literature on the calculcs refcm 

movement. Material reviewed consists of articles, ~0fiferer~e 

Proceedings and committee reports on a decade long debate c- 

issues concerning the college calculus curricclum. This 

literature is used to support the significance of the 

research problem. It also generated the original set 2f 

issues and questions that focused my initial fielawcrk 

abservati ons . 

A second category which informed my original 

conceptualization of the research problem is ccrrenz researzh 

PersPectives on teaching and learning mathemaCics. Chief 

among these perspectives are a constructivist appraach to 



unaerstanding student learning and an awareness of kcw zne 

social and cultural contexts of a student impacts or. k;S 2: 

her learning. 

A third category involves the use of ethnographic 

methods in educational research. This category divides 

naturally into literature about the appropriateness a n d  role 

of ethnography in educational research and on how Lo C ~ ~ ~ Z C Z  

such research. The material from this category is uses ZC 

justify the choice and implementation of research 

methodology. It also served to provide structure for T.Y 

actual research activities. 

A fourth category in this review consists of prevlo.2.s 

studies involving qualitative research methods In science zr 

mathematics classrooms. Reviewing the literatcre ir. tk:s 

category indicated that I was not duplicating the work cf a=, 

. , 

current major study. The review also contributed to the -:s:  

of issues used in the analysis of the data. 

C a l c u l u s  R e f o r m  Movement 

A Brief History of the Movement 

In the late 1950's and early 19601s, the study cf 

calculus in North America shifted from being a sophom,ore 

course taken by students majoring in engineering, 

mathematics, or the physical sciences to a freshma?. cc-rse 



taken by dramatically increasing numbers of students K : C ~  

increasingly diverse mathematical backgrounds and 

aspirations. (Ralston, 1985; Young, 1988) . For the .?e>:-, 

twenty to twenty-five years the curriculum in the firs: Zr:: 

Years of undergraduate mathematics stabilized into z ses'Ler.ze 

of calculus courses supplemented by a linear slgebra zsxrse. 

There was a remarkable consistency in conten: 2nd 

Presentation of college calculus throughout North AmerLcar. 

Post-secondary institutions. 

There have been critics and reformers of this zal-xlcs 

curriculum before the 19801s, notably John Kemeriy of 

Dartmouth College. (Kemeny, 1983) . The current 5mpet'~s f c r  

curriculum reform, however, began in the early 1980's ~ i t k ~  

Papers by Anthony Ralston of the State University of New Y;rk 

at Bcffalo. Ralston argued that computer technology a c ~  

computer science made much of the content and spiri~ 2f 

traditional calculus curriculum irrelevant and inapprspric:? 

for a significant portion of the undergraduares curre-~l) 

taking college level mathematics courses. (Ralston, 1365). 

Ralston and like minded colleagues argued that calculls 

Should be supplanted as the first undergraduate mathe-arics 

Course by a course based on topics from discrete maEhemztlcs. 

In the summer of 1982 a Conference/Workshop was held 2: 

Willjams College in Williamstown, Maryland t? disccss zke 

need and feasibility of striking a balance between the 



calculus sequence and discrete mathematics. 3- Sig~:f:z2:: 

Part of the proceedings was spent challenging the pre- 

eminence of calculus in undergraduate mathematics (Ralstcr 5 

Young, 1983). 

~p ac-lvizies The Williamstown Conference and its follow-' 
, - .  

did not result in a curriculum revolution where s i ~ ? ~ - ~ ~ ~ - =  

- 7 

numbers of colleges and universities began ZG cffer we-- 

developed, highly subscribed courses in discrere ~ a t ~ ~ e n s ~ l c s  

at the freshman level (Maurer, 1985) . Indeed, surveys 

suggested that the primacy of calculus became more f i r ~ . : ~  

entrenched in the course offerings of mathematics dep2xmE:s 

(Anderson & Loftsgaarden, 1988) . 

The criticisms leveled against the existing ccrriz'dl~r 

did make certain mathematicians reflect on the state ef 

calculus instruction. One of these mathematicians, xonald 

Douglas of the State University of New York at Stony g:aokI 

cor12luded that "despite the changes that had taken ?lace 

mathematics, the Williamstown conferees were wrong: C E ~ C G ~ X S  

. ,  , 
is as important as ever." (Douglas, 1986, p. i v i  . He c:E 

believe, however, that there was a need to revitaiize :he 

Presentation of the subject. Through the efforts of 2rafessar 

Douglas, a Conference/Workshop to develop alterlarive 

curriculum and teaching methods for calculus at rhe ccllege 

level was held in January, 1986 at Tuiane University in 

-C.h- w uL:ske5 ' Orleans. The proceedings of this conference were 



in the influential document Toward a Lean and " ~ ~ u ~ ~ ~  

(Douglas, 1986) . 
Following this conference, the Mathematical A-ssoc?~=:?- 

of America convened a Committee on Calculus 3eform. 3ther 

organizations became involved in calculus reform incl~Ci52~ 

. . 
the National Academies of Science and Engineering an2 Z:-2 

National Science Foundation. A large colloqciar wit? o v e r  

- - - -  
six hundred participants was held at the end 3f Octobe-, - y >  

in Washington, D.C. The colloquium was entitled C ~ ~ E L ~ L S  f:r 

a New Century. The proceedings of the conference and z:kl2r 

,jlus fey 2 Xphr calculus reform material were published in Gal-I 

Century : A Pump, Not a Filter (Steen, 1988) . 

In 1990, the CUPM Subcommittee on Calcullds Reforz 2nd 

the First Two Years (CRAFTY) reported OR a nxrnber cf ~ h e s e  

Projects in Priming the Calculus Pump: Innovations and  

Resources (Tucker, 1990) . Each project reviewed In Lkis 

report attempted to implement innovations which directly 

addressed concerns about the role and teachinq of ca;c~-:l:s 

that had been raised in the previous decade cf debate. 

Following is a more detailed review of the four Frl-ar, 

. L A . -  documents resulting from this decade of reform activity- 

reports of the Williav.stown conference in 1982, the Z l ~ ? e  

conference in 1986, the National Colloquium in 1987, a::e t k - e  

1990 report on the implementation of reform. 



The Williamstown Conference 

4 - - 2 - 2  In 1981 an article by Anthony Ralston heraljed E ,cL-U- 

yc- of ongoing debate over the nature and content cf the 5 : - - -  

two years of the college mathemat;cs curricu;zm (%l~t2:~, 

1985). The concerns raised by Rzlston lead to a 

, ? 7  conference/workshop held at Williams College ln flili~s~sr2.~-?, 

Maryland from June 28 to July 1, 1982. The proceedi~gs 2f 

these meetings are published in The Future of C'cllege 

Mathematics (Ralston & Young, 1983) . 

Ralston (1985) argues as follows: 

Within the next decade, the first two years cf the c3-1?3€ 
mathematics curriculum wlll gradually shlft frsz the 
traditional calculus-linear algebra sequence tc are ~52: 
has balance between the traditional material and d~szreze 
mathematics. . . . .  Such changes will take place alulcsz 
entirely because of the impact of computer tech~olsq~ 2-d 
computer science both on what seems important in 
mathematics itself and on disciplines ln which rrLathens:lcs 
is applied. (p.29) 

Computer science has caused mathematicians, scie-tists 2T.S 

humanists to reconsider what is important an6 possible ;; 

. . 
their disciplines. Computers allow new approaches ti -12 

subjects (including pedagogy) . In Ralston ' s spi~io;, 

- 1- discrete mathematics has become at least as imporcart as ---e 

traditional mathematics of continuity (Xalston & i3unq. 1'3i?. 

p -  6). 

The Williamstown conference began with th:s t h e ~ e  a:.e 

continued with papers and discussion with argumenzs f o r  a7.3 

against the restructuring of the college mathematics 



curriculum. Both pragmatic and idealistic conCer2s xere 

raised. The issues established here continued to be 

significant themes as general curricclurn reforn- deb,:? 

shifted back to the reform of the calculus curricui.d~,. 
- .  

Young (Ralston & Young, 1983) raises the issue a: Xr.2 

was taking college level mathematics and for w?at px-? - ses .  

One conclusion he reaches is "that vast numbers cf pez?le Ere 

studying mathematics who are not going into tra6iticr.a- 

fields thzt use mathematics. The process Is rcre c r  l?ss  ::: 

of controlw (p. 25). The homogeneity of academic goals ET.2 

mathematical preparation of earlier generations of first ye3r 

college mathematics students has disappeared. 

Wilf (Ralston & Young, 1983) discusses with remarkzkle 
- .  , 

Prescience the potential for change in the classr3om i ~ . ~ - : c : t  

in current and soon to exist technology. Be ciscisses 

symbolic manipulation programs (SMPs) . Not cniy does ::e 

corLaider the inpact SNPs will have on curriculun contezz, k,:= 

he predicts the existence and capabilities of calccla~3rs 

- --..- with SMPs. Wilf's paper began a continuing Biscussl:~. a;,-.- 

what can be done and what should be done with technzl3qy :? 

the mathematics classroom. 

. . 
Papers b y  Lochhead, Greber, Norman, Zionts, Scher- ls 2T.e 

- .  Shaw (Ralston & Young, 1983) bring forward the issue c r  2--VL 

college mathematics are often service courses. That :s, 

mathematics courses are taken by students so that they -v;:-~ 



have the necessary techniques and knowledge ;o pursse srzdies 

in other academic disciplines. The question is whac s r e  rhe 

mathematical needs of students in varying fields of s::dy. 

The "client" disciplines discussed were the physical 

sciences, engineering, social sciences, business and 

management, and computer science. 

Steen (1983) submitted a provocative paper or, des-el2ping 

mathematical maturity. The ideas in this article recxr 

frequently throughout the calculus reform debate. 

Steen cites the abilities to "to glean che essectiai 

structure from a complex situation" and to "to create nex 

ideas by effective use of old ones" as indicators of 

mathematical maturity. His criteria for mathemazlczl 

maturity include the abilities: 1. to use and inzerpret 

mathematical notation, 2. to express real world prcble~s 5 2  

mathematical form, 3. to perceive patterns and apply 

principles of symmetry, 4. to estimate and solve prcblems by 

perturbing the data, 5. to generalize, 6. to detect and 

avoid poor reasoning, 7. to see and use relatiocshi~s m - n g  

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

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



Steen (1983) links the study of calculus to e de~~elz:;.er; 

of mathematical maturity when he writes: 

Realism compels us to recognize that certzin types sf 
study reinforce better than others the development cf 
mathematical maturity. 
There are some compelling reasons for the widespresd 
belief (among both mathematicians and scientists) thz- 
calculus develops mathematical maturity better thar 72s: 

other subjects. (p. 102) 

- - 
After explaining why the study of calculus is sc xe-1 

suited to promoting mathematical msturity, Steen lanencs, 

"Calculus in the classroom, however, is not the saxe as 

calculus in the philosophy book" (p. 103). C&lculus as i: is 

taught today, in Steen's opinion, stifles mathema~ical 

maturity rather than encouraging it. Steen's pcsitiol 

presaged the one adopted by later curriculum reformers: 

calculus should retain its central role in the freshmar 

mathematics curriculum, but it must change so thaz the 

students have a much deeper understanding of the sub2e;~. 

Kemeny (1983) talks about the impact of computers -7 

teaching practices. He words his message strongly, sxa;:ng, 

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

q - -  of computers in the classroom cannot be separated" (p .  ~ ~ 2 )  

To illustrate the arbitrary nature of some of the triclE:~ril 

approach to calclus, Kemeny offers as an example the 

anticipated correct answer to the problem of evaluatina 
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I ex dx. The exact, closed form answer is el3 - I. Kenel, 

challenges the reader to approximate this arswer tc one 

significant figure. Kemeny points out that the inteqral 

itself is an exact closed form. There is llttie difference 

between evaluating the integral  sing the numerical 

, . 
integration capabilities of a computer or calculatcr :r x:zn 

evaluating el3 - 1 with such a device. Kemeny (1983) 22merts 

on his example : 

I do not mean that [the example] as a 2oke - I Tear :t as 
a deep remark about mathematics, one that 2 overlockez f2r 
a large number of years. Now the q u e s t ~ o ~ .  IS, :f yo: have 
two forms that are exact, why 1s one preferable Z D  tse 
other one? And lf you think about that p a r t ~ c ~ l a r  
example, I think it's very easy to reconstrucz zne  reas:?. 
We did not have computers but had tables of ex. Ever. 
today [I9821 there may be some advantage; you may De able 
to use a pocket calculator instead of a computer on el3 - 
1. But the numerical integration takes less tnar a s e - 2 ~ ~  
on a computer. (p. 204) 

In summary, advances in technology, especially ir 

computing devices, and the advent of the Ififormatlor. Ase 

resulted in challenges to the relevance of mcch of the 

mathematics taught in the first two years of uni~ersit:~. 

Participants at the Williamstown Conference believe that an 

appropriate revision of the curriculum would i-vclve 

replacing calculus with topics from discrete mathematics. ;? 

their discussions they set out a number of iss7~es which latsr 

had to be addressed by calculus revisionists. Chief ans2q 

these issues are the changing academic demographics of 



freshmen, the perceived needs of client disciplines, the 

. , 

possible changes that new and future technology xight 3 r : r G  

to what is taught and how it is taught, and overcominq t5e 

, , 

inherent difficulties in implementing any curricul~rn re*u-:s;:rL 

on a large scale. 

The Tulane Conference 

At a conference held two years after Wiiliamstowc, 

Maurer (1985) notes that little had happened in the 

establishment of discrete mathematics early ir the 

undergraduate curriculum. Indeed, speaking abouc sehozls %.kc 

had received funding to implement discrete mathematics 

courses, he says, "They have no problem in introducing 3 

discrete course (just lots of work to produce texz 

materials), but their commitment to reducing Ehe c a l c ~ l ~ s  

seems to be eroding" (p. 259). The debate had swung f r c n  

replacing calculus to improving calculus. Many cf ,he 

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 Williamstow? 

conferees. He reviews their arguments and concludes thaz 

they were wrong, "Calculus is as important as ever." 



But Douglas (1986) adds to this: 

There is an overwhelming case for ca1cu:us remainips as 
the core of the undergraduate mathematics curriccl~r,. 
But, along with all of this, I realized just how a u c ?  rhe 
introductory course had changed, how much it hae eroded ic 
the nearly three decades since I had studied ic. Alrho.~gh 
I could advance many reasons for this, I decided that I 
had little interest in focusing on the causes or ir. 
continuing to participate in the "calculus verscs f i n i z e  
mathematics" debate. Rather, I felt compelled ts try t~ - - 
improve the way calculus is taught at Americar. czl~eqes 
and universities." (p. iv) . 

The conference/ workshop was held in Jaruary, 1985 a: 

Tulane University in New Orleans, Louisiana and involve5 

twenty-five participants. The three workshops tkat reporLe2 

back to the conference dealt with three aspects of c.drrlc7~ln 

implementation: course content, teaching methcds a?S 

implementation of the new curriculum. 

- .  
The Content Workshop developed, among others, o s y ~ l a s . 2 ~  

for a Calculus I course intended for a general audience. - - - ..e 

design of this syllabus took into account two of the issues 

already raised: the diverse nature of the freshman scudent 

population and the fact that, for many studerizs, Calc~lcs I 

would be the last mathematics course taken. This sylla~ds 

had a number of features that are being implementez x c s s y  1: 

a number of caiculus reform projects. 



The committee reports on its Calculus I syllabcs: 

Noteworthy features include emphasis on functi?~s =ha= <%re 
represented graphically (such as a curve on an 
osci~loscope or the Dow-Jones average) or rumerically 
(from a table of data or a "black box" calculatar), 
extensive use of hand calculators with "solve" and 
"integrate" keys, reduction in precalculus materizl zr5 
de-emphasis on limits and continuity, and a reorgaciza::;:, 
that allows treatment of all the elementary functipns 

, % ,  

(including trigonometric, exponential, and logar:r?~.:c, 
, , 

from the  firs^ week on. (Douglas, 1986, ?.  ~ : i )  

In discussing the goals of the first year calccl~s 

course, the committee listed a number of objectives -.chick 

echoed Steen's criteria for mathematical maturity 3 x z  

significantly, the committee added as an objective zha: 

"students must be made aware that calculus is n3t taught f c r  

its own sake" (Douglas, 1986, p. ix) . The past and presezt 

-Ale relevance of calculus to the way we see and deal xizih. -'-- 

physical world must be made clear to the student. To 

accomplish this, the committee included "honesty days" i n  the 

syllabus where time is incorporated into the course strcctcre 

- 
-?T- -aC'_S ?f where the importance and relevance of the central ,,..,,_ 

calculus are made explicit. 

. . 
One part of the conference was a workshop on teacnlr>? 

methods. After establishing the need for revision ir? the 

teaching methods employed in calculus courses and iis~inc zne 

goals for the course, the workshop committee begins a 

discussion of "What it Takes to Do the Job Rickt" (3ca~las, 

1986, p. xvi). Here the committee brings forward the ldea sf 



the calculus course as being, in some sense, a lancuage 

- .  course (mathematics as the language of science). Cne 2: Z ~ E  

goals for a calculus course is tc develop precisior ir. 

written and oral work. Meeting this goal req~ires 

substantial change in the tasks assigned studen~s. 

Another matter on which the committee strongly aqr?ee 

was that mathematics learning at the freshman szage reqG:rs3 

extensive feedback on the work being done. The co~~~~.iz:ee, 

however, qualifies its recommendations by stating 

pragmatically, "Unfortunately, many mathematics d~part~enzs 

do not have the resources to teach the kinds of calccl.~s 

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

The teaching methods committee makes a cornrnenz te..dardc 

the end of the report which seems particularly pertine-: ~z 

my research project. They say: 

Finally, we need to know more about what studenzs learn :r 
their mathematics classes. . . .  More detalled research 2 2  

students' mathematics learning would be helpful, 52th t: 
tell us about current difficulties in instructIox an= z: 
suggest ways that mlght help us to Improve. (3ouclss, 
1986, p .  x x )  

- 9 F  In his opening remarks at the conference, Dou~ias ( I r e z )  

P L 2  talks about three problems of calculus instruet~an. saq_c ,  

"At most places, teaching calculus is viewed at 5esz as an 

unwelcome chore by both young and old faculty . . .  Few, :f z n ) ,  

undergraduate students are inspired to major in rnaEherr,at:cs 



mathematics as a result of their calculus course" (9.18)- 

Neither the instructor nor the studeqt are fi-ding the cz-rse 

enjoyable. Douglas argues that this is because of the 

"larger and different mix of generally less well-prepzree 

students" taking calculus today and, secondly, ca1cui:s is 

taught "as though it could be learned passively with llttle 

contact between student and instructor" (p. 19) . 

Epp (1986) identifies an aspect of the calcclus cgcrse, 

often identified as the "rigorousness", as being a barrier zc 

student understanding and enjoyment. Epp was respq?siole fzr 

developing a transition course in mathematical reasonlrg f r - T  

calculus to higher-level mathematics classes. She says 

We had found rhat students were entering our l--:gher-leTU-el 
classes woefully unable to construct the most slmpie 
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 s ~ o k e  
different languages. (p. 41) 

Later, Epp (1986) notes that the calculss Itself, ~ i z k  

its many definitions, theorems, applications, notatis-, 

abstraction and logical complexity can be a formidable 

challenge to students lacking sufficient mathenaticzl 

maturity (p. 46). 



T h e r e  i s  a n  " i n t e l l e c t u a l  g u l f "  be tween  c a l c u l u s  

s t u d e n t s  a n d  t h e i r  i n s t r u c t o r s .  Epp ( 1 9 8 6 )  comments 

t e l l i n g l y  on two d i f f e r e n t  r e s p o c s e s  t o  t h i s  g a g .  

P r o f e s s o r s  r e a c t  z o  t h e  g u l f  b e t w e e n  t h e m s e i v e s  a7.a rhe:r 
s t u d e n t s  i n  d i f f e r e n t  ways.  One r e a c t i o n  i s  t o  i g r : z r e  ~ t ,  
t o  s t a t e  t h e  d e f i n i t i o n s  a n d  p r o v e  t h e  thesrerr is  a s  If z h e  
s t u d e n t s  would  u n d e r s t a n d  them arid w e r e  m a t u r e  enough  zo 
be a b l e  t o  d e r i v e  s i m p l e  c o n s e q u e n c e s  ( s u c h  a s  p r o k l e -  
s o l u t i o n s )  on t h e i r  own . . . .  A n o t h e r  r e s p o n s e ,  w i d e l y  
a d o p t e d  t o d a y ,  i s  t o  e x p o s e  t h e  b a s i c  c o n c e p t s  o f  c a l c c l u s  
a t  a  m o d e r a t e l y  h i g h  l e v e l  e m p h a s i z i n g  i n t u i t i o n ,  52: 
f o c u s  p r i m a r i l y  on s k i l l s ,  and  o n l y  t e s t  s t x d e n t s  32 z h e i r  
a b i l i t y  t o  p e r f o r m  c e r t a i n  m e c h a n i c a l  c o m p u c a t i c n s  i n  
r e s p o n s e  t o  c e r t a i n  v e r b a l  c u e s .  I n  t h i s  a p p r o a c h  t h e  
v a s t  m a j o r i t y  o f  s t c d e n t s  i n d u l g e  t h e i r  p r c f e s c o r s  c y  - - -  
l i s t e n i n g  q u i e t l y  t o  t h e i r  o f t e n  i n s p i r e d  and  beaxz:rK-_y 
i n t u i t i v e  explanations and  t h e  p r o f e s s o r s  r e p a y  z h e ~ r  
s t u d e n t s '  c o u r t e s y  by  making t h e i r  e x p l a c a t i c n s  s r l e f ,  
s p e n d i n g  l o t s  o f  t i m e  d e m o n s t r a t i n g  p r o c e d u r e s  t o  s c l v e  
r o t e  p r o b l e m s ,  a n d  n e v e r  a s k i n g  s t u d e n t s  c o  do a n y ~ ! ? : ~ . g  or, 
a n  exam t h a t  r e q u i r e s  g e n u i n e  knowledge  o f  c o n c e p t s .  (a?.  
47-48)  

I n  t h i s  p a r a g r a p h ,  Epp s p e l l s  o u t  one  o f  t h e  key  

conundrums f a c i n g  t h e  c a l c u l u s  r e f o r m e r s .  S h o u l d  c a l c c l , ~ s  b e  

t a u g h t  a t  t h e  l e v e l  o f  s t u d e n t  p r e p a r e d n e s s ?  I n  w h i c h  c a s e ,  

P e r h a p s  o n l y  m e c h a n i c a l  s k i l l s  and  "mimicry  math" a r e  

P o s s i b l e .  O r  s h o u l d  s t a n d a r d s  be m a i n t a i n e d  and  "surv :va l  2 5  

t h e  f i t t e s t "  be t h e  r u l e  o f  t h e  c a l c u l u s  c l a s s r o o m ?  Eps 

c a s e ,  t h e r e  i s  a  n e e d  t o  r e s p o n d  t o  s t u d e n t s '  l a c k  sf 

s o p h i s t i c a t i o n ,  n o t  by g i v i n g  up  b u t  by h e l p i r . 9  t h e n "  (p. 

50). 

A f t e r  o f f e r i n g  a  number o f  s p e c i f i c  s u g g e s t i o n s  f z r  



Epp concludes that the implementation of her s1;ggestiazs 

would make it impossible to cover all the stanciard t c ~ i c s .  

She echoes the conference theme, "If it comes to a c i o i c e ,  

will we settle for superficial knowledge cf a lot or 5eeper 

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

Peter Lax (1986a) emphasizes the applied nature sf 

calculus. He speaks of the relevance of calcclxs tc c c r r e - t  

areas of research in applied mathematics (Lax, 19862, pp. 1 - 

2) and how an emphasis on computing and applications Ear. k e  

used to enhance the teaching of calculus ( Lax, 19"6S, pc .  

69-72). Calculus should be taught by those actively .ssi?c It 

in their research. Numerical methods should have a nsre 

Prominent role in the first course than the tradi;ior:al 

"magic in calculns" techniques such as a number of netkc5s 2f 

integratior. The calculator and computer should be used t~ 

motivate and involve the student ir. the calculus classrcoz. 

Peter Renz (19862) addresses aspects of 2ne ef the key 

elements in the reform debate: the calculus text. 3ot? zke 

adherents of discrete mathematics and the calculus r e f ~ r ~ e r s  

agreed that the successful implementation sf a revise5 

> ,  

Curriculum hinged on the existence of "high quality ze:.:zs 

- .  
that define the courses, that convince faculty cr t n e  n e r l t s  

of such courses, and that make it possible to teat:? zhe  

courses with predictable success using diverse faculzy" 



(Garland & Kreider, 1983, p. 209) . Douglas (l986), speaklnq 

about existing caiculas texts, says: 

Everyone is dissa~isfied with the currenr cr3p 2 5  zolzxlus 
textbooks. Yet, if an author writes and manaces tc Tet 
published a textbook which is a little different, -ost -. - ? -aT an colleges and universities will refuse to use it. - A d  

we break out of this cycle? (p. 13) 

Renz speaks of the forces in academia which lead tc 

uniformity in large courses such as calculus. Calcul.2~ 

Curriculum is often determined by committees, which te?.d 

towards conservatism. As a service course f c r  spper-level 

science and mathematics courses, freshman calcxl~s rcst zeer 

the perceived needs of many groups. The client fac>>lt' --es 2r.d 

Courses which use calculus expect a "unifcrm and deperdzble 

product". 

The textbook as a so3Jrce of current dissatlsfact:cn x ~ t h  

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 Lean and Lively Calculcs is 

devoted to discussion papers. At this stage of the 

curriculum reform movement, many of the issues have been well  

established and already introduced into the debate. Yy 

I ,  

review of this material focuses on identifying partlzu~arly 

lucid explanations and illustrative examples. 

Renz (19865) maintains that "it seems almost certain 

that tomcrrowls ca;culus students will be less facile w ~ t h  



algebra and trigonometry than were the students for whom the 

- ,  traditional calculus course was designed" (p. 1C7). ralred 

with this lessening of skill in symbol ma~ipulation is cxax$e 

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

-s;c My students today are less familiar with these b2 
algebraic and trigonometric formulas than were my crevicus 
students. Furthermore, today's students also seen less 
concerned that they be shown a coherent derivation sf ~ 5 e  
results of calculus. . . .  They correctly infer that 
calculus itself must be correct because it seems tc have 
worked well enough for generations of mathematiciazs, 
scientists, and engineers, and they see their proklen as 
simply one of mas~ering the formulas of the subject and 
how to use them. (pp. 105-106) 

Renz suggests that what is needed are "compelling ways 

to make the basic results of calculus directly obvicus to r:?e 

Students" (p. 106). 

He continues by distinguishing between slow calccl.~s 

Courses, a careful and rigorous introduction to the 

mathematical foundations of calculus, and a quick calc,~lss 

which gives the students necessary techniques and concepzs 

for studying engineering and the physical sciences. Xenz 

argues that there is not enough time in an introductery 

calculus course to cover the methods and applications 

demanded by the client departments and to give 2 ricor3us 

basis for the techniques covered. Each course, slaw a:.d 

quick, are appropriate for certain student populacio~s, 5;;: 

in general, Renz (1986b) maintains that "every effort s k c u l 5  

be made to find less complex and subtle assumptions Zo 



course" (p. 109). 

Stephen Rodi (1986) views the problems with caic~lcc 

instruction as resultirg from benign neglect of under~ra?.~ate 

teaching by mathematicians, rather than inappropriate 

textbooks. Rodi is of the opinion that quality of teaching 

is not a priority in many university mathematics departmenzs. 

Rodi (1986) comments on what the role of applications 12 

introductory calculus courses should be. He says: 

A real danger when research mathematiclans tea~:i czlczlzs 
to freshman and sophomores is forward projectlon: the 
tendency for the mathematician to look ahead to :he next 
generalization (the class of Riemann integrable fuccC:ons 
as a precursor of Lebesque integration) rather chap laok 
back to the klnd of concrete problems whlch gave r;se L C  
calculus in the first place and which are necessary f s r  
student understanding. Insistence on dealing wlzh 
practical applications purposely woven into ;?.e csurse can 
offset that bias. (p. 123) 

Rodi concludes his paper by cautioning againsr over 

zealous pruning of the calculus course. A more comFacz 

the student. In particular, he warns against relegatirg all 

computational techniques to calculators and computers. 



Rodi (1986) argues: 

In the rush to pre-packaged programs, we need tc Se 
7 careful not to toss out the baby with the bath water. I* 

devotlng txo or three classes LO methoas of ;nteqrat:3n, 
one is dolng far more than developing a memh LLLan:caL SK:-&. 
The real, perdurlng learning here is the analysls cf 
patterns, the recognition of the structure of ~ntegrands, 
the abillty to choose the proper tool (be I: s u ~ s c - z ~ z - ~ r  
or partial fractlcns) to attack the problem. (F. 12') 

Small and Hosack (1986) write about the potential 2f 

Computer algebra systems (called symbolic manipclazi3r 

Programs elsewhere) in changing the teaching and learn in^ of 

Calculus. The authors maintain that routine zlqsYiz5~.iz 

manipulations are emphasized in the tradi~ional na~herr~azics 

. , 

curriculum at the expense of conceptual understanc~nq. 

Computer algebra systems allows for several improvemenzs 5: 

this situation. Students using such programs would :have more 

time to concentrate on problem solving processes. The!, c-uld 

work on a greater variety and quantity of questions. The 

graphing capabilities of such systems would allow tke grack 

to be used in the analysis of a function, rather than :ha-u~:~s 

the graph generated through the analysis of the fu?cti3?. 

Use of computer capabilities allows the st~dent to develop ax 

experimental attitude towards open ended problems. The 

amalgam of the possibilities listed would change s~cde-z 

Perceptions about what is important in mathematics and whs: 

It is to do mathematics. 



Many students are unsuccessful in a calculus ccurse 

, - .  

because of their lack of proficiency in algebraic sk:_,s. I?. 

the opinion of the authors: 

[Computer Algebra Systems] can offer these stsden~s z k ?  
opportunity to comprehend and work with the concepts of 
calculus at a meaningful level. Furthermore, their Tdor< 
with the calculus may provide the necessary morivacior. fsr 
them to remedy their algebraic deficiencies. (Srrai- & 
Hosack, 1986, pp. 151-152) 

Stevenson (1986) writes about what the physical scierce 

"clients" might want in a revised calculus c~rricu'~rn. He 

notes that "physics has a significant difference from 

mathematics in that it is an empirical science and c-?. a~ 72: 

Stray too far afield from observations" (p. 182). The 

mathematics needed by the physics student is the type mgsz 

likely to be espoused by the applied mathematician. 

Stevenson (1986) speaks in favour of "the presence of =he 

geometrical interpretation of calculus with frequent 

reference to applications" (p. 183). As well as beinc: able 

to handle "sophisticated mathematical analysis and sbs~racr 

7 .  

thought", the physical scientist must have a weli zevel~pez 

geometrical and intuitive feeling for mathenatics. 

Stevenson offers several suggestions for making z?~e 

calculus a better course for science students. The facclz), 

responsible for teaching introductory calculus should be 

extended beyond the mathematics departments to "applied 



r r . a t h e m a t i c i a n s "  who may b e  e m p l o y e d  i n  i n d u s t r : ~  o r  come frz-, 

o t h e r  u n i v e r s i t y  f a c u l t i e s  s u c h  a s  e n g i n e e r i n g  a n d  p h y s i c s .  

C a l c u l u s  m u s t  be p r e s e n t e d  t h r o u g h  b o t h  a  p u r e  mathematics 

a p p r o a c h  a n d  a p p l i c a t i o n s .  S t e v e n s o n  r e c o g n i z e s  tha :  "a  
, , 

d a n g e r  d o e s  e x i s t  i n  s t r e s s i n g  a p p l i c a t i o n s  a n d  in tc : t :ve  

u n d e r s t a n d i n g  t o  t h e  e x c l u s i o n  o f  t h e  b e a u t y  o f  r n a t h e n a ~ i c a l  

l o g i c "  ( p .  1 9 1 ) .  C a l c u l u s  c o n t e n t  s h o u l d  b e  d e t e r n ; i n e B  by  

m a t h e m a t i c s  f a c u l t y  o n l y  a f t e r  " h o n e s t  d i a l o g u e  w i t h  o t h e r  

d i s c i p l i n e s  i n c l u d i n g  t h e  p h y s i c a l  s c i e n c e s "  (p. 192). A i s l ,  

t e x t b o o k  m a t e r i a l  m u s t  b e  m o d i f i e d .  S t e v e n s o n  arq:es fcr 

m o d u l a r  t e x t b o o k  a n d  e n r i c h m e n t  m a t e r i a l  " w r i r ~ e n  by f a c x l t y  

w i t h  m o r e  i n t e r e s t  i n  t e a c h i n g  t h a n  i n  r e s e a r c h "  (p.i92). 

A s h ,  A s h ,  a n d  V a n V a l k e n b u r g  (1 986) s p e a k  a b o u t  c a l c u l u s  

f o r  e n g i n e e r s  a n d  how i n e f f e c t i v e  i n t r o d u c t o r y  c a 1 c u l . d ~  

c o u r s e s  a r e  i n  t e a c h i n g  e n g i n e e r i n g  s t u d e n t s  how t o  cse 

m a t h e m a t i c s .  They i d e n t i f y  a s  a  p r i m a r y  culprit t h e  e ~ ~ p h a s i s  

on f o r m a l i s m .  S t u d e n t s ,  t h e y  m a i n t a i n ,  " s i m p l y  w i l l  n a t  

l e a r n  t h e  f o r m a l i s m "  f o u n d  i n  m o s t  t e x t b o o k s ;  " t h e  b e t t e r  

s t u d e n t s  w i l l  s u c c e e d  i n  r e a d i n g  a r o u n d  t h e  a b s t r a c t i o n s ,  s -  

t h a t  t h e  t e x t b o o k  a t  l e a s t  becomes  u s e f u l  a s  a  s o u r c e  o f  

e x a m p l e s "  ( p .  227). 

S t e e n  (1986) o u t l i n e s  many o f  t h e  p r i m a r y  i s s u e s  zf -,FA? 

c a l c u l u s  r e f o r m  d e b a t e  i n  a  l i s t  o f  q u e s t i o n s .  Among the 

i s s u e s  a re  t h e  i d e a  t h a t  p e r h a p s  t o o  many s t u d e n t s  a r e  

S t u d y i n g  c a l c u l u s ;  s t u d e n t s  s h o u l d  h a v e  prerequisite s k i l l s  



before studying czlculus; calculus is used, perhaps ncz 

always appropriately, as a filter for professions; stcderzs 

are not really taught the essential ideas of caiculcs, kz: 

are offered cookbook courses which over-emphasize clzsed-;-- L d i x l  

formulas. The calculcs curriculum must react to the ixcacz 

Of computers on what is appropriate in mathematics, wkat 

topics are appropriate for calculus and what activities are 

appropriate for the students. What role does the teszbo~:~ 

have in the teaching and learning of calculus? Shoul5 

calculus be a course to train the mind; convey cultsral 
. , 

and/or scientific literacy; or to prepare stcdenEs fcr cI:e?t 

disciplines. The teaching of calculus can be regarde5 as a 

laboratory course or a foreign language course. Whc c h 3 c l e  

teach the calculus and from where do these q~alifies 

instructors come? What will the calculus be like i~ :he -yelr 

2000? 

At the end of five days, the twenty-five partici?ants L- 

the Tulane Conference had established the parameters :f :he 

calculus reform debate. Momentum for reform  increase^ 

dramatically, resulting in a national colloquium with cver 

six hundred participants in October of 1987. 

The Calculus for a New Centurv Collocuium 

The National Colloquium on Calculus for a New Cenzury 

held at the National Academy of Sciences in Washinqtc-, 

D-C. on ;;ctober 28-29, 1987. Over six hundred professionals 



w i t h  a  s t a k e  i n  c a l c u l u s  i n s t r u c t i o n  p a r t i c i p a t e d .  T'h? 

c a l c u l u s  r e f o r m  movement was v e r y  m u ~ h  on t h e  m a i n  s t a g e  cf 

N o r t h  A m e r i c a n  e d u c a t i o n a l  i s s u e s .  

P e t e r s o n  (1 9 8 7 )  r e p o r t e d  on t h e  c o n f e r e n c e :  

C a l c u l u s  i s  b i g ,  i m p o r t a n t  - a n d  i n  t r o u b l e .  T h ~ s  was z n e  
o f  t h e  m e s s a g e s  t h a t  came o u t  o f  a  r e c e n t  c o n f e r e n c e  a t  
t h e  N a t i o n a l  Academy o f  S c i e n c e s  i n  W a s P l n g t o n ,  2.:. on 
t h e  f u t u r e  o f  c a l c u l u s  e d u c a t i o n .  The m e e t l n g  a t z r a c t e d  
more  t h a n  500 m a t h e m a t i c i a n s ,  e d u c a t o r s  a n d  o t h e r  
p r o f e s s i o n a l s  w o r r l e d  a b o u t  t h e  s t a t e  o f  c a l c u l u s  
t e a c h i n g .  The l a r g e  a t t e n d a n c e  r e f l e c t e d  a  g r o w l - g  f e e l ~ n g  
t h a t  s o m e t h i n g  o u g h t  t o  b e  d o n e  t o  r e f o r m  t h e  way c a l c i l u s  
i s  t a u g h t .  ( p . 3 1 7 )  

The c o l l o q u i u m  d i d  n o t  o f  i t s e l f  r a i s e  new i s s u e s  i n  t h e  

C a l c u l u s  r e f o r m  d e b a t e .  Many o f  t h e  a r g u m e n t s  f r o r ,  t h e  

T u l a n e  c o n f e r e n c e  w e r e  e c h o e d  a n d  r e f i n e d .  S u p p c r t i n s  

s t a t i s t i c s  were p r o v i d e d  i n  some i n s t a n c e s .  But t h e  

e s s e n t i a l  p a r a m e t e r s  o f  t h e  d e b a t e  h a d  b e e n  e s t a b l i s h e 3  

e a r l i e r .  

F o l l o w i n g  i s  a  b r i e f  r e v i e w  o f  t h o s e  a s p e c t s  cf the 

C o n f e r e n c e  t h a t  were mos t  r e l e v a n t  t o  my s t u d y .  

T u c k e r  ( 1 9 8 8 )  s p o k e  a b o u t  t h e  c a l c u l u s  c l a s s  a s  a  

" c a p t i v e  a u d i e n c e "  f rom w h i c h  t h e  m a t h e m a t i c i a n s  a n d  

S c i e n t i s t s  o f  t o m o r r o w  c a n  be i d e n t i f i e d  a n d  c u l t i v a t e d .  

T u c k e r  p r o j e c t e d ,  h o w e v e r ,  t h a t  w i t h o u t  i m p r o v e m e n t s  i n  

c a l c u l u s  i n s t r u c t i o n  t h e  t e a c h i n g  o f  c a l c u l u s  w o u l d  move away 

f rom c o l l e g e  m a t h e m a t i c s  d e p a r t m e n t s  t o  s e c o n d a r y  s c h o a i  

c l a s s e s  t o  c l i e n t  d i s c i p l i n e s .  S p e c i a l  m e ~ t i o 3  was nacie 



Of The Calculus Tut-orina Book published by the ;nstit.~te f c r  

Electrical and Electronic Engineering, a calcslus textbo2k 

written by engineers for engineerinq students. 

A substantial part of the colloquium was devoted c 2  the 

views of client disciplines. Morawetz (1988) set the t22e 

for this discussion by suggesting the slogar., "Everycne ~ 5 c  

can learn calculus should learn calculus" (p. i 8) . 

Representatives from engineering, biology, managerner.c 

Sciences, the physical sciences and physics itself all a~re?d 

on the importance of calculus in their disciplines, bst alss 

argued unanimously for the need for change. 

Starr (1988), a historian, espouses the view tkaz 

calculus is part of the core learning that every educzce~ 

Person should have. In response to the questicn "Khy s z u A . .  - ! 
c a l ~ u l u s ? ~ ,  he replies t~ a student, "If Newton could 

it in his sophomore year, [you] can study it in [yours: " (p. 

35). Starr suggests, "Calculus has to do with thinkincj, - - A  

concepts, with the core of a liberal educatiox" (p. 35). 

The Calculus for Physical Science discussion grccp 

debated the role of intuition, calculation and prosf i~ t:?e 

first semester of calculus. Epsilon-delta proofs were airr.sst 

universally targeted f a r  elimination. A reduction in 

derivative calculations and an increase in work cn 

qualitative examples and numerical methods was enco~rz2e5. 

The role of proof, either formal or intuitive, S e c a ~ e  & ?~ir.t 



o f  d e b a t e  a n d  no c o n s e n s u s  was r e a c h e d .  T e c h n o l o g y ,  z3e 

g r o u p  d e c i d e d ,  was h e r e  t o  s t a y .  I t  s h o u l d  b e  u s e d  5 c z  

s h o u l d  n o t  c o m p l e t e l y  r e p l a c e  p e n c i l  a n d  p a p e r  exercises. 

R e t r a i n i n g  t e a c h i n g  f a c u l t y  t o  u s e  t e c h n o l o g y  x a s  a cs:-.cerr. 

The C a l c u l u s  f o r  Engineering S t u d e n t s  g r o c p  was 

P a r t i c u l a r l y  c o n c e r n e d  w i t h  t h e  diversity o f  l n c o m l n ?  

S t u d e n t s .  P r e - t e s t i n g  a n d  p l a c e m e n t  p rog rams  w e r e  t h o d q k ~  : o  

r e a s o n a b l e  a n d  e f f e c t i v e  m e a s u r e s .  P r e - c a l c u l c s  c o u r s e s  were  

P r e f e r r e d  o v e r  s p l i t t i n g  i n t o  " h a r d "  and  " s o f t "  c a l c u l j s  

C o u r s e s .  

Groups f o r  t h e  L i f e  S c i e n c e s ,  f o r  B u s i n e s s  2nd  S o c i a l  

S c i e n c e  S t u d e n t s  a n d  f o r  Computing S c i e n c e  s p e n t  muck! sf 

t h e i r  t i m e  d i s c u s s i n g  what  t y p e  o f  m a t h e m a t i c s  was 

a p p r o p r i a t e  a n d  n e c e s s a r y  f o r  t h e i r  d i s c i p l i n e s .  The f e e l i r g  

Was t h a t  maybe c a l c u l u s  was n o t  t h e  m a t h e m a t i c s  p r e r e q : x i S i ~ ?  

n e e d e d  f o r  t h e i r  c o u r s e s .  One g r o u p  n o t e d  t n a t  t h e y  were  

" w i t h  few e x c e p t i o n s ,  composed o f  c o l l e g e  and  h i g h  s z ~ 2 2 l  

m a t h e m a t i c s  f a c u l t y .  AS " p r o v i d e r s "  r a t h e r  t h a r  " u s e r s "  :f 

c a l c u l u s  c o u r s e s ,  t h e  g r o u p  s e n s e d  a  n e e d  t o  l e a r n  f r o n  

S o c i a l  s c i e n t i s t s  w h a t ,  i n  f a c t ,  t h e i r  s t u d e n t s  r e q x i r ?  1: 

t h e i r  m a t h e m a t i c s  c o u r s e s i 1  ( B r i t o  & G o i d b e r g ,  1 9 8 8 ,  pp. 65- 

70) . 

The s i z e  o f  c a l c u l u s  c l a s s e s  a n d  who t e a c h e s  then- x e r E  

i s s u e s  t h a t  h a d  b e e n  d i s c u s s e d  f rom t h e  b e g i n n i n g  c f  t h e  

r e fo rm d e b a t e .  One d i s c u s s i o n  g r o u p  s p e n t  t h e i r  t i m e  



examining the role of teaching assistants in 2 "lean snd 

lively" calculus. Ano~her group addressed the Lssues : n - ~ - ? l ~ ~ ? 5  

in helping students from minority groups to becsme n c r e  

successful in their studies. A third group pointed out c h a t  

there was no provision at the colloquium for dlscussx- 

research and development on the teaching a ~ d  learninq ef 

calculus. 

Lathrop (1988) adds to the topic of whaz c a 1 c ~ l . i ~  

should be taught to engineering students by disccssinc Z-.n:: 

variations of what he calls the "chicken and the eT3 

Problemw. Variation one is that engineering ard applied 

physics are best taught using calculus. But, Lazhrop 

maintains, calculus is best learned by studerts w0rkir.g 

through examples in subject areas which require a prlcr 

understanding of the calculus. A second timi?g probler 

occurs when first year calculus students are subjected - 2  a: 

emphasis on proving theorems and studying pathological 

functions. These topics are not needed immediately by 

engineering students. Lathrop suggests a mcch greater degree 

of Coordination between the mathematics and physical sc;enc? 

courses taken by the students. 

Two articles, llCalculas Reform and Women Jndergradca:esW 

(Hughes, 1988) and "Calculus Success for All Students" 

(Malcolm & Treisman, 1988) add to the general reform 

discussion in that underlying causes for failure and 



strategies for success that are uncovered for minority qrc:?s 

Promotes success. 

Anderson and Loftsgaarden (1988) write 

"typical" calculus courses which are taught at large 

the M.A.A. The data shows that "calculus 1s overwceln:rglb 

the dominant mathematics course taken by undergradczte 

learning experience is described as follows: 

, . 
Student learning procedures consist p r i m a r ~ ~ y  of working 
textbook problems - usually several or many cf :he sare 
sort - following model procedures given in the ~ewzbozk c r  
by a teacher. Thus students learn various pent-l-&rd- 
paper algorithms for producing answers to special types of 
problems. They customarily read the text cnly zz find 
procedures for working such problems. 
Student dependence on memorized proced~res to procsce 
answers follows a similar pattern of learninq in pre- 
calculus mathematics. In calculus, however, i: reqcires 
much wider and more readily recalled backgrouns 
information. 
The intellectual azhievement for r~ost studerts in learriinc 
calculus is, nevertheless, considerable. They 5ave kaS  t c  
learn about new concepts much more rapidly zhzr i~ earlier 
Courses, and they have had to develop command cf a w i 5 s r  
and more diverse "bag of tricks". . . . . 'J~f@rtuT.2te1)., T,??.~. 

of the tricks in tne calculus bag appear irrelevz-r ic , . 
age where the computer and the calculator are rap:civ 
replacing paper and pencil as tools of the ~ r a d e .  (pp.159- 
160) 



The 1 9 8 5  s u r v e y  i n d i c a t e d  t h a t  considerably less  zhar .  

1 0 %  o f  t h e  c a l c u l u s  c o u r s e s  o f f e r e d  a t  university x a d e  a r y  

u s e  w h a t s o e v e r  o f  c o m p u t e r s .  

A n d e r s o n  a n d  L o f t s g a a r d e n  i d e n t l f y  a  n u x b e r  c f  f a c r z r s  

w h i c h  m i g h t  militate a g a i n s t  c u r r i c u l u m  r e f o r m .  A?CT 2 rzese  

f a c t o r s  t w o  p r o v e d  t o  b e  c f  g r e a t  s l g n l f c a n c e  t o  my r e s z a r c - .  

F i r s t ,  s t u d e n t s  a r e  t a k i n g  t h e  c o u r s e  p r l m a r l l y  t o  gal:, 

a c c e s s  t o  t h e  s u b j e c t s  t h e y  r e a l l y  w i s h  t o  s t ~ c y .  

S e c o n d , c h a n g i n g  t h e  c a l c u l u s  c o u r s e  f r o m  a  p r o c e d u r e s  c:crse 

t o  a  c o n c e p t  c o u r s e  w i l l  make it more  c h a i i e n g : n ~  F:r Tar ,  

s t u d e n t s  a n d  w i l l  g e n e r a t e  s t u d e n t  resistance. 



The project at Clemson University foliowed a tracitiszal 

calculus syllabus using a standard, ~ridely adopted text. The 

innovation in the Clemson program was the regular, freq~ezz 

use of a "super-calculator", the HF-28s by the students. The 

Primary concern of the project leaders is "in increasinq 

student interest, invclvement, comprehension and retentian ~f 

the subject matter" (LaTorre et al., 1990, p . 1 2 ) .  

In the single-variable calculus course, little was jone 

to "reform the curriculum". The course features eXtensi-~e 

evaluation and feedback (daily quizzes, five hour 'ests 235 a 

final examination). The calculators are used throsghc7~t t h s  

classes and without restriction on the tests. The prcjecz 

leaders report that, "The classes are lively and zhe sz3.idenzs 

are involved" (L,aTorre et al., 1990, P.14) . 

The reform project at Dartmouth College (Baumgartner & 

Shemanske, 1990) does not involve radical c h a ~ g e s  in ccurse 

content or presentation. What is innovative in the Dartnoczr 

approach to calcclus is the use of computers. 

Students in this project are expected to gain some 

facility as computer programmers, using the computer as 2 

Problem solving tool. 



The project instructors discuss two features critical r o  

their approach tc the use of computers. 

The first is that the computing which we do is ax intecral 
part of the course. We do no demonstratio- just z e  dc 
something on the computer. . . .  The secord is =he zbilrty 
to respond to the student questions on the fly. The - .  
students see that we pick up the computer as they . ~ - z . ~ - c  a 
calculator, write a quick and dirty prograrr,, and get scme 
insight inyo a problem. Hopefully, they are convi-zee zo 
do the same. (Baumgartner & Shemanske, 1990, p . 3 7 )  

attitudes towards the use of programming in calculus caurses. 

complained bitterly about having to program in a ma~henaz;cs 

class. 

Interestingly, there is anecdotal evidence that srudeczs 

who have taken a traditional calculus course in high school 

find this new approach more work than those withou~ any 

calculus background. 

The project at Purdue University is particularly 

concerned with pedagogical reform, The pro~ect report 

authors state: 

The centerpiece of our project philosophy is the 
development of an emerging theory of how studenzs lear- 
mathematics. According to this theory, students need t~ 
Construct their own understanding of each mathenazleal 
Concept. Hence, we believe that the primary role cf 
teaching is not to lecture, explain or otherwise aztemFz 
to "transfer" mathematical knowledge, but to create 
situations for students that will foster their making tne 
necessary mental constructions. 
(Schwingendorf & Dubinsky, 1990, p. 1-76) . 



The project developers worked closely wlzh clier.~ 

departments, talking with faculty ano reviewing tneir 

textbooks, in order co determine what calculcs was actdally 

used in these disciplines. Experimental sectl~ns were 

established for two student populations: those ir 

engineering, mathematics and physical science Kajors 3 n ~  

those taking managemenE, social science and life science 

courses. Rather than complain about the lack cf homoqeneity 

a 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 the:: 

thoughts back to the group as a whole. Students are 

responsible for a number of "pencil and paper" hamewcri 

assignments. There are class tests and a final exarnir-aticr. 

The tests and examinations are open-ended with respecz :C 

time and the questions involve many that are non-routine, 

some of which are of the essay type. Teachlng ass is tar.^^ Ere 

Present not only in the computer laboratory, but als3 1' t k e  

classes. The project report authors comment: 

The situatior. often becomes one of students and TA's 
Working together to figure something out. We feel Kxat 
this is an important part of the overall atmosphere 2f car 
Course. (Schwingendorf & Dubinsky, 1990, p. 183) . 



The calculus reform projects reviewed in Priming che 

Calculus Pump display a wide variety of responses to the 

issues raised throughout the decade. Technology impacts o? 

both pedagogy and curriculum content. In some venues 

Programming is deemed to be an essential elemert of tke 

learning process(Baumgartner & Shemanske, 1999; Brown, ?arc, 

and Uhl, 1990); at other campuses computers are simpiy tools 

for accomplishing specific tasks (Callahan et al, 199C; 5o fz  

& James, 1990; Ostebee & Zorn, 1990) . For some, computers 
. - 

were available only at specified times in specifies ~ocatio-s 

and used only for specified tasks (Schwingendorf G Cubinsky, 

1990). For others, computers were present i2 ali aspects cf 

the course (Brown, porta and Uhl, 1990). The ~echnolcgy 

employed ranged from hand-held super-calculators through to 

networked work stations employing very sophisticated 

Software. The intent of integrating technology into the 

calculus course ranged from allowing computer demonstratic?~ 

in the lecture theatre through laboratory projects which 

students to explore and discover mathematics tc a 

complete redefinition of the role and nature of the textbook. 

Content reform ranges from supplementing the traditional 

c"rriculum 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 

understanding to a complete rescheduling and 



reworking of the standard topics. Content refcrn was decided 

upon sometimes indvidually, sometimes at the departmental 

level, and, in some cases, after extensive consultation :%:it? 

client departments. 

Classroom procedures in some projects remain relatively 

unaltered. ~isewhere, group work and student exp1orat:c- 

Overtakes the "transmission of knowledge" fornat. Student 

evaluation now includes significant writing in submicze~ 2nd 

revised laboratory or project reports. Challenginq tas!<s are 

set where students may use a variety of resources- 

Expectations from the instructors are higher. 

Content and pedagogy changes are supported by off-the- 

shelf textbooks, locally developed assignments a~.d 

exposition, and software extensions. Future plans for marp 

Of the projects include the development of appropriate tex: 

materials. 

Many of the projects deal with specific student 

Populations: high school students who had done some ~0z-k i: 

calculus; students in engineering, mathematics and the 

Physical sciences; students in management, sociai and life 

Sciences. Minority groups and women are not specifically 

tar9etted for any project. 

Student reactions to the experimental Courses varh- 

greatly. Some resent the increases in work, 3eqree 3f 

difficulty, and in time commitments. Others vzlue the 



Perceived increase in understanding, the opportunity f=r 

Personal involvement in the work, and the non-standarz 

approaches t~ instruciton and learning. 

All of the projects are by thelr nature more Laha-r a n 2  

resource intensive than traditional calculus cocrses. 3efzrT 

Projects will have to be intensively and crit;ca;ly assesszz 

before they can be successfully sold to the rnathemat:cs 

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 sh:fc :r 

attitudes in the mathematics and science education research 

communities as to w h a t  constituted appropriate researcl? 

Problems and methods. Prior to this shift, mathematics 

education researchers had followed the lead of other 

educational researchers by using the statistical model fcr 

their studies. The statistical model was adapzed frzr 

experimental, quantitative studies done in biology and 

P s ~ c h o l ~ ~ y  (Sowder, 1989, p. 13). There has been a general 

Sense of disappointment with the results of these st'ddies 

have been characterized as "high-rigour, low 

Significancew research whose results lack relevance tc the 

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

1989, p .  17). 



The epistemology >~nderlying these investigazions .>:zs 

essentially positivism: variables were isolated and 

manipulated systematically to demonstrate and,'or verlfl a: 

immutable, objective causality among elements in an a ~ o ~ i z e 3  

learning scheme. This choice of research model was ~ictaced 

more by a desire to remain within the traditisn af :he 

educational research csmmunity than by a commitment zf 

individual researchers to specific conceptcal framewarks. 

As researchers fccused more on the theoretical 

constructs which directed their investigations, _he rature zf 

the research changed. Sowder (1989) describes the rnc~:vazi:r. 

for this shift in research paradigms. 

These concepzual frameworks have originated with E;;ropean 
researchers and educators, who have a greater tende~cy 
than Americans to develop elaborate theoretical 
discussions that emphasize interpretive understandin?. 
Mathematics educators have been attracted to more 
interpretive research approaches, in which inveszi~a:crs 
do not attempt to stand apart from the educational 
encounter so as to make an objective assessment zf w h a ~  is 
happening. Rather, they enter the classrocn and cry t2 
participate in that encounter so that they can capture an3 
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 zf 
qualitative research methodologies borrowed from 
anthropology and sociology. Much of this i~reresz arises 
as a reaction against the behaviourist program of 
Scientific inquiry that avoids interpreting overt 
behaviour in terms of internal cognitive processes. Fcch 
of it also comes from disillusionment with the 
generalizations produced by the behaviorist prograx and 
their lack of relevance to the work of mathematics 
teachers. When researchers participate in the educaticna? 
encounter, they enter into a dialogue with teachers and 
stude~ts that can begin the process of making their 
concepts and findings available to practitioners. 



Qualitative research methods that do nct depend sr 
esoteric statistical manipulations of data appeal tz 

, . 
researchers today and also do not seem so ir?t:rnliat:?~ z; 
teachers. (pp. 15-17) 

Silver (1990) , ccmmenti~g on the relationship Sez7.;eer 

educational research and actual educational practices, s?ea:<s 

of two perspectives that have gained recent adherents aT3.c 

mathematics ecucatian researchers: 

Another theoretical perspective that has permeate6 t5e 
mathematics education community is a very gecerzl f s r ~  cf 
constructivism in which it is acknowledged that stc~e-ts 
actively and personally constrcct their own kn3wlea~e 
rather than making mental copies of knowledge psssesse5 
and transmitted by teachers or textbooks. (p .  7 )  

Later, he adds : 

In recent years another research perspective has eyerqez 
that may by useful to practitioners - namely, 
apprentlceshlp. The apprenticeship notlon emerqes f r a ~  
the literature of anthropology. 
The apprentlceshlp vlew also suggests that a xazsr p-rpzse 
of school mathematics is to develop In stcdents tne ?a3:ts 
of thlnking and the points of view of professl3rals _ -  t3e 
field; that IS, the goal 1s learning to tnink 
mathematically. (p. 8) 

Mathematics research has opened itself to the 

who moves from novice to expert through the personal 

influences on teaching and learning. 

D'Arnbrosio (1985) speaks of ethnomathemat:~~ as c 



mathematics and cultural anthropology" (P-44). lie 

distinguishes between mathematics taught in schaol and r n a c  

which is actually practised outside of school. 

Mathematics is adapted and given a place as "scnolsrly 
practicalu mathematics;i.e., the mathematics whic?~ is 
taught and learned in schools. In contrast to this we 
will call ethnomathematics the mathematics which is 
practised among identifiable cultural groups. (DfArnkrosic, 
1985, p. 45) 

significance to this study. 

We may go even further in thls concept of ethnona~re:~ct-cs 
to include much of the mathematics which 1s currenclh 
practised by engineers, mainly calculus, wnich coes nsz 
respond to the concept of rigor and forna1:sm developez 1; 
academic courses of calculus. (p .45 )  

Large-scale, naturalistic studies of science edccae:ax 

in Science Education by Stake, Sasley and associates (1-88) 

is a notable example. The authors did, however, spenj a 

great deal of time explaining and defending their researck! 

methods. 

Smith (1982) and Rist (1982) wrote articles on ~ n e  

appropriate use of qualitative research in the sciences. 32 

1987, qualitative research had become mainstream in 

This paper constitutes a slight departure from edi~crial 
Policy for AERJ [American Education Research Journal;. Far 
from contributing to general knowledge throxgh empirical 
analysis, this paper is meant to serve a self-referent and 
Practical purpose. It is meant to signify to the 
discipline that manuscripts based on qualitative research 
are being welcomed by AERJ editors. (p. 1 7 3 )  



Although qualitative research activities nave g a i r e ~  

general acceptance in the mathematics educatior researz? 

community, there is some question of how much research af 

this nature has actually been undertaken. Silver (1992) 

qualifies his comments on the extent to which construccivis~, 

has taken hold by saying, "many would agree that a deec 

appreciation of the constructivist approach has yet tc cake  

hold in the larger mathematics education community" (p. - 1 .  

Eisenhart (1988) comments specifically about ethnograpkLic 

research. 

During the past 10 years, there has been considerable 
discussion in the educational research community abouc zke 
value of ethnographic research. Although che discxssi~r. 
has increasingly cast ethnography in a favorable lishc, 
there remain clear differences in the research activities 
of ethnographers and educational researchers. Relat:veLy- 
few educational researchers have actually snderZaker. 
ethnographic research. (p. 99) 

Further on, she comments specifically on mathematics 

education research. 

Numerous mathematics education researchers (T  am EkL~kizq 
particularly of eonstructivist~, of those interested in 
what teachers or students are thinking and actually doin- Y 

in classrooms, and of those interested in the social 
context of mathematics education) are posing questions f a r  
which ethnographic research is appropriate. However, 
these researchers tend to use case studies, in-depth 
interviews or in-classroom observations witho~t doing what 
most educational anthropologists would call ethnograp?.ic 
research. (Sisenhart, 1988, p. 99) 

research on calculus learning, substantiate Eisenhart's 







CHAPTER I11 

RESEARCH METHODS 

~ n t r o d u c t i o n  

I n  t h i s  c h a p t e r  I d i s c u s s  t h e  rationale f o r  c h o o s l r g  t 2  

U s e  ethnographic m e t h o d s  i n  t h i s  s t u d y .  Then t -ere  1s a  

review o f  t h e  t y p e  o f  d a t a  a c c u m u l a t e d  I n  my r e s e a r c h  and  t n e  

m e t h o d s  u s e  t o  o b t a i n  t h e m .  The p r o c e d u r e s  f o r  a n a l y z l s g  t ?e  

d a t a  a r e  discussed n e x t .  I n  t h e  l a s t  s e c t i o n  o f  t h l s  

C h a p t e r ,  I discuss t h e  r e a s o n s  f o r  r e p r e s e n t l a g  t h e  a n a l y z e 2  

d a t a  i n  t h e  m a n n e r  I h a v e  i n  C h a p t e r  IV. 

S e l e c t i o n  o f  a  Research Method 

My c h o i c e  o f  a  r e s e a r c h  p r o b l e m  f o r  t h i s  p r o j e c t  was  

influenced b y  my f e e l i n g s  f o r  t h e  s i g n i f i c a n c e  a n d  b e a u t y  cf 

t h e  s u b j e c t  o f  c a l c u l u s ,  my p e r c e p t i o n  a n d  c o n c e r n  t h a r  

S t u d e n t s  b e g i n n i n g  t h e  s t u d y  o f  c a l c u l u s  a t  t h e  ' d r i i v ? r s i ~ y  

were n o t  g i v e n  e x p e r i e n c e s  w h i c h  w o u l d  e n c o u r a g e  t h e ?  ts 

c o n t i n u e  t h e i r  s t u d i e s  a n d  d e e p e n  t h e i r  u n d e r s t a n d i n s ,  a c d  5 y  

my c h a n g i n g  i d e a s  o f  w h a t  m a t h e m a t i c s  l e a r n i n g  c o u l d  a n d  

S h o u l d  b e .  

My r e v i e w  t h e  l i t e r a t u r e  s h o w s  t h a t  much h a s  h e e n  

wr i t t en  a b o u t  w h a t  i s  p e r c e i v e d  t o  be wrong  w i t h  u n i v e r s i ~ \ .  

c o u r s e s  a n d  t h a t  many p r e s c r i p t i v e  meaSCreS f a r  

l m p r o v i n q  t h e  s i t u a t i o n  h a v e  b e e n  s u g g e s t e d .  The v o i c e  o f  



t h e  s t u d e n t ,  however ,  1s one  which  I S  n o t  Delng  h e a r c  z k e  

c u r r e n t  c a l c u l u s  c u r r i c u l u m  r e f o r m  d e ~ a t e .  T h e r e  1s q e n e r s l  

d i s c u s s i o n  o f  lack of  p r e p a r e d n e s s  on t h e  p a r t  o f  t h e  





Data collection 

Eisenhart (1 988) identifies four methods of data 

Col:e~tion Used by ethnographers: participant observation; 

ethnographic interviews; search for artifacts, and; 

researcher introspection. I have attempted to use all f c u r  

in this study. 



Participant Observation: Preliminarv Consideratiozs - 

The literature on ethnographic research methods 

generally agrees that researcher involvement in the field 

n v i  ;- Primary means of data acquisition. Becker (1958) desL- -&es 

the work of the participant observer in the followinq :x7zy. 

The participant 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 r.eet 
and how they behave in them. He enters into 
conversation with some or all of the participants in 
these situations and discovers their interpretac;:r.s 
of the events he has observed. (p. 652) 

Participation and observation. 

Participant oPservation is the ethnographer's m a j ~ r  
technique for being both involved and detached fray, 
the topic of study. participant observation is a 
kind of schizophrenic activity in which, on one hand, 
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 k y  
someone who is a participant only. (p. 105) 

1 discovered during the fieldwork portion of the study 

that the researcher's location on the! observat~on- 

Participation continuum is not static, but evolves over r h e  

of the stcdy. 





roles to another, as is appropriate. ';he authors speak 2 5  

the variocs cultures that necessarily impinge or. zhe 

research. In this study, boundary spanning skills were 

Particularly significant because of the multiplicity of 

backgrounds the participants brought with then. 

Exactly what data was I supposed to obtain as a 

situation quite accurately. 

Researchers unfamiliar with ethnography cfzen express 
dismay at the prospect of attempting to record 
everything happening in a social situation, c~ltcrcl 
scene, or institution group. Likewise, novice 
ethnographers express frustration at their ~ n a b l l i ~ y  
to "get it all down." (p. 111) 

Observations. ~ntrinsic to the nature of ethnographic 

research and its purposes is that some of the areas of 

Observational focus that I began with would change as I 

and were replaced by questions I had not considered pricr ts 

the Study. 





A t  t h e  same t ime ,  I a c q u i r e d  d a t a  t h a t  I wocld Use t c  eonpare  

wi th  and c o n t r a s t  w i t h  f i e ldwork  on my a c t ~ a l  p r c j e c t  i~ the 

f a l l .  





LeCompte ( 1 9 8 4 )  expand  on t h i s  p o i n t .  

E t h n c g r a p h e r s  a r e  d a t a  c o l l e c t o r s ,  o r  " s e ~ s i t i v e  
o b s e r v e r s ,  s t o r y t e l l e r s ,  a n d  w r i t e r s " ;  l i k e  hcna:. 
v i d e o t a p e  r e c o r d e r s ,  t h e  r e c o r d  a s  f a i t h f u l l y  a s  
p o s s i b l e  t h e  phenomena t h e y  see. They nay  u s e  a 
v a r i e t y  o f  a i d s  to a s s i s t  them, i n c l u d i n g  s t i l l  a n 3  
movie c a m e r a s ,  and  a u d i o  and  v i d e o  r e c o r d e r s .  

. ,  , 
However, u n l i k e  m e c h a n i c a l  r e c o r d i n g  d e v i c e s ,  wr;~: 
o n l y  r e c o r d  what t h e y  a r e  a imed a t  w i t h c u c  
a b s t r a c t i o n  o r  a n a l y s i s ,  e t h n o g r a p h e r s  a r e  a b l e  r 3  qo 
beyond a  " p o i n t  a n d  s h o o t ;  no f o c u s i n g  n e c e s s a r y "  
a p p r o a c h  t o  r e c o r d i n g  and  t o  r a i s e  f i n e l y  t u n e d  
q u e s t i o n s ,  t e s t  o u t  h u n c h e s ,  and  move d e e p e r  l ~ r c  
a n a l y s i s  o f  i s s u e s .  (pp .101-102)  

and  my h e l p  was s o u g h t .  ~ n  t h i s  way c o n t a c t  w i t h  o t h e r  

P a r t i c i p a n t s  was e s t a b l i s h e d .  

t h e  l e c t u r e .  I a c c o m p l i s h e d  l i t t l e  i n  t h i s  s e s s i o r  

Armed now w i t h  a t  l e a s t  a  modicum of  e x p e r i e n c e  i n  f i e l d  

S tudy  p r o p e r .  





Some s t u d e n t s  i n  t h e  s t u d y  g r o u p  h a d  j u s t  g r a d u a t e d  f r c ~ .  h i 2 h  

S c h o o l ,  t h e  m a j o r i t y  o f  t h e  s t u d e n t s  h a d  b e e n  away f ro? .  hick 

s c h o o l  m a t h e m a t i c s  f o r  a t  l e a s t  s e v e r a l  y e a r s .  A l l  s i x  

S t u d e n t s  whom I i n t e r v i e w e d  w e r e  " m a t u r e "  s t x d e n t s ,  c h a t  i s ,  

t h e y  w e r e  n o t  m a t r i c u l a t i n g  i n t o  c n i v e r s i t y  d i r e c t l y  from 

h i g h  s c h o o l .   his s e c t i o n  o f  Math 151 o f f e r e d  a  c n e  k o ~ r  

t u t o r i a l  s e s s i o n  w i t h  a  t e a c h i n g  a s s i s t a n t  e a c h  w e e k .  - , 1. ,-\ 

c o n t r a s t ,  s t u d e n t s  i n  s e c t i o n s  t a u g h t  on t h e  m a i n  campus h a 3  

t h e  o p p o r t u n i t y  t o  a t t e n d  a  C a l c u l u s  Lab where  t h e y  c o u l d  

work t o g e t h e r  a n d  a s k  t e a c h i n g  a s s i s t a n t s  q u e s t i o n s  d l ~ r i n ?  

a n y  o f  t h e  many h o u r s  i t  was o p e n  e a c h  week .  

A c h r o n o l o g y  o f  my a c t v i t i e s  as  a  p a r t i c i p a ~ z  a b s e r v e r  

in t h i s  c l a s s  i s  l i s t e d  i n  A p p e n d i x  A .  D e t a i l s  o f  x?ar I 

- ,  

O b s e r v e d ,  e x p e r i e n c e d  a n d  t h o u g h t  d u r i n g  my t i m e  i n  the rleld 

a r e  c o v e r e d  i n  C h a p t e r  I V .  F o l l o w i n g  i s  a  b r i e f  d e s c r i p t i c n  

Of Xy a c t i v i t i e s  as  a  p a r t i c i p a n t  o b s e r v e r  d a t a  g a t h e r e r  ar .5 

O f  t h e  r o l e s  t h a t  I a s s u m e d  i n  t h e  s t u d y .  

P r i o r  t o  t h e  b e g i n n i n g  o f  t h e  c o u r s e ,  1 n e t  b r i e f ; > .  ~ i ~ h  

t h e  i n s t r u c t o r  a n d  d i s c u s s e d  w h a t  I h o p e d  t o  a c c o m p l i s h  a n e  

how I i n t e n d e d  t o  d o  s o .  I a c q u i r e d  a c o u r s e  o u t l i n e  

( A p p e n d i x  B ) ,  d e t e r m i n e d  t h e  t imes a n d  l o c a t i o n s  o f  t h e  

l e c t u r e s  a n d  ~ u t o r i a l s  a n d  p u r c h a s e d  t h e  t e x t b o o k  f ? r  t h e  

c o u r s e .  

The c o u r s e  was  i n  t h e  e v e n i n g s  ( T u e s d a y  a n d  T h u r s d a y )  a t  

t h e  H a r b c u r  C e n t r e  Campus o f  Simon F r a s e r  U n i v e r s i t y .  - A 



bA*L.2q 27.2 a r r a n g e d  t o  s t a y  l a t e  ac t h e  s c h o o l  where  I was t e a p ' - -  

t o  d r i v e  d i r e c t l y  from work t o  t h e  Harbour  C e n t r e  Cana;;s. 

The f i r s t  e v e n i n g  I a r r i v e d  e a r l y .  A f t e r  l o c a t i ~ ~ g  xke 

l e c t u r e  room, I s p e n t  t i m e  mapping t h e  room acd  o b s e r v i n ~  z2e  

g a t h e r i n g  o f  s t u d e n t s .  MY f i e l d  n o t e s  f o r  t h e  f i r s _  l e c z c r e  

Show t h a t  t h e  " f o c u s i n g  and  bound ing"  o f  my daza  c o i l e c t i 2 r  

Was d i c t a t e d  by my background  a s  a  c l a s s r o o r r  c e a c h e r ,  :he 

" c r i s i s  i n  c a l c u l u s w  i s s a e s  I had  e n c o u n t e r e d  i n  my r e x J r i e x  3f 

t h e  l i t e r a t u r e ,  any s t u d e n t  background  i n f o r n a t i o n  I c 3 u l d  

" oL1r g l e a n  f rom o v e r h e a r d  c o n v e r s a t i o n s  a n d  any o v e r t  S e i a ~ l  

t h a t  a t t r a c t e d  my a t t e n t i o n .  The s t u d e n t s  were n o t  aTLare  cf 

my r o l e  a s  r e s e a r c h e r .  T h e r e  was no  i n t e r a c t i s n  o f  r r y s e l f  

w i t h  t h e  s t u d e n t s  t h i s  f i r s t  e v e n i n g ;  I was an o b s e r v e r .  

A t  t h e  e n d  o f  t h e  s e c o n d  l e c t u r e ,  t h e  i z s t r u c t o r  

i n t r o d u c e d  m e  t o  t h e  c l a s s .  I s p o k e  a b o u t  my p r c j e c t  a n d  

handed  o u t  t h e  In fo rmed  Consen t  b y  S u b j e c t s  t o  P a r t i c i p a t e  i n  

a R e s e a r c h  P r o j e c t  I had  d e v i s e d  i n  c o m p l i a n c e  x i t h  t h e  

u n i v e r s i t y ' s  R e s e a r c h  E t h i c s  Review p o l i c i e s .  (See Appendix 

C - )  A t  t h i s  p o i n t  I was i d e n t i f i e d  a s  a  g r a d u a t e  s t i i d e n t  

d o i n g  r e s e a r c h  and  a s  a  c a l c u l u s  " e x p e r t " .  T h i s  

I - d e n t i f i c a t i o n  prompted  a  c o n v e r s a t i o n  w i t h  a  s t u d e ~ t  a f ~ e r  

c l a s s  a n d  began  my a c t i v e ,  r a t h e r  t h a n  p a s s i v e ,  invc lvernenz  

t h e  s o c i a l  m a t r i x  o f  t h e  c l a s s .  

On t h e  Sunday o f  t h e  f o l l o w i n g  weekend,  I began  a n o z h e r  

o f  my p a r t i c i p a n t  r o l e  i n  t h e  s t u d y .  I completed :he 



assignment given to the class on Thursday. There were 

several reasons for acing this work. Although I was c r : l i k ~ l y  

to find the problems difficult, I would have a better sens2 

of the challenges faced by fellow students. I would elso 

have some sense of the time pressure and pacing requirements 
. , 

that the students felt. Another important reasan fcr ec:cq 

the assignments was that it was my role as ar experz that 

brought many of the students forward to speak z o  me 

initially. By giving them helpful advice on cl?eir h-crk ,  :PA? 

Students were being, in some sense, "repaid" f c r  zhe 

confidences and insights they shared with me. One cnexpected 

effect of doing the assignments was that I becane cart cf zle 

evaluation scheme of the course (Appendix D). This made re 

more sensitive to the concerns that students had abcct t h e  

Perceived peculiarities and inequities of tne scheme. 

The next lecture I arrived ten minutes early 

discussed the signing and returning of the infome5 Csrsert 

forms. I also became involved in a disccssion of the 

Solution cf one of the assigned problems. It was d i f f i c c l :  

for me not to revert to the role of teacher ir: zhis csnze:<z. 

I was only partially successful in maintaining an observer's 

detachment. 

- The Tuesday lectures were scheduled for two hocrs. "k- 

instructor typically allowed a ten to fifteen ninuEe Break 



a f t e r  t h e  f i r s t  h o u r .  C o n v e r s a t i o n  d u r i n g  t h e s e  bet->;es~. 

P a r t i c i p a n t s  a n d  w i t h  n e  became  a n  i m p o r t a n t  s o u r c e  2f B s t a .  

I n  t h e  s e c o n d  h o u r  o f  l e c t u r e  on  S e p t e m b e r  1 0 ,  I besar.  

a n  i n f o r m a l  i n t e r v e n t i o n  i n  t h e  c l a s s  w h i c h  c o c t i n u e d  

t h r o u g h o u t  t h e  s t u d y .  I i n t r o d u c e d  a  s t u d e n t  t o  some 2f rk? 

c a p a b i l i t i e s  o f  a n  a d v a n c e d  h a n d h e l d  c a l c u l a t o r  (TI-51, a z B  

c o n t r a s t e d  i t  w i t h  t h e  i n s t r u c t o r ' s  u s e  o f  a  b a s i c  s c i e r ~ ~ i f i c  

c a l c u l a t o r .  D i s c u s s i n g  t h e  a d v a n t a g e s  a n d  c a p a b i l i z i e s  2f 

t h e  c a l c u l a t o r s  i n i t i a t e d  c o n t a c t  w i t h  s t u d e n t s  w i t h  xhon ; 

h a d  y e t  t o  i n t e r a c t .  D e f i n i t e l y ,  I e x p a n d e d  my c i a t a b a s e  

c o n s i d e r a b l y  t h r o u g h  t h i s  a c t i o n  a n d  r o l e  ( a d v a n c e d  

t e c h n o l o g y  i n  t h e  c l a s s r o o m  a d v o c a t e )  . On t h e  o t h e r  ha-5,  I 

i n t e r f e r r e d  w i t h  t h e  " n a t u r a l  p a t h "  o f  c e r t a i n  s t u d e n ~ s  

t h r o u g h  t h e  c o u r s e  a n d ,  i n  some s e n s e ,  m u d d i e d  z h e  d a t a  I 

o b t a i n e d  f r o m  t h e m .  A t  t h a t  t i m e ,  a n d  c u r r e n t l y ,  I 

r a t i o n a l i z e d  my a c t i o n  a s  a  s h i f t  t o w a r d s  p a r t i c i p a ~ i c ?  in 

t h e  p a r t i c i p a t i o n - o b s e r v a t i o n  c o n t i n u u m .  C e r t a i r l y ,  I x a s  tc 

L A - c  become a  s i g n i f i c a n t  a c t o r  i n  t h e  s o c i a l  c o n t e x t  2f --- 
c l a s s .  

B e c a u s e  a l l  o f  t h e  l e c t u r e s  were a u d i o  t a p e d  b y  t h e  

u n i v e r s i t y  a n d  t h e s e  t a p e s  were a v a i l a b l e  t o  t h e  s t u d e n z s ,  I 

d i d  n o t  t r y  t o  d o  a n y  t a p i n g  m y s e l f .  I d i d  make u s e  o f  2 

m i n i - t a p e  r e c o r d e r  f o r  t a p i n g  my own r e f l e c t i 0 - s  a ~ d  

O b s e r v a t i o n s  a s  I d r o v e  home a f t e r  l e c t u r e s  a n d  t u t o r : a l s .  - A 

t h e  r e c o r d e r  l ess  f r e q u e n t l y  a s  t h e  c o u r s e  ~ r o g r e s s e d .  



This paralleled my increased involvement in the social 

context of the class. 

The first tutcrizl session was held on Sep-enber 12. It 

Was here that the tension between my roles as zeacher a Y . 6  2s 

a researcher came intc greatest tension. There were t-:;> 

tutorial sessions each Thursday. One before the l e z r x r s ;  cne 

after. The r~ajority of students attended the early sessi-c. 

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

, a LUSS12.'. . 
occasion I felt compelled to get involved In th.? Cisp1' 

The second session had as few as two and as xacy as f've 

Students attending. In that session, I intervened rcore 

frequently and directly. Indeed, on September 12, the 

teaching assistant and the studects miscued an uhere :he; 

- ,  

were to meet for the second session and I spent fsrty-rive 

minutes with two students in the role of teaching ass5star-.L. 

(It was an opportunity to interact with other students I ht3 

Yet to meet.) 

At the end of the evening I gave one of a stxaents a 

ride back to her neighborhood. Chis carpoolicc V25 21 

CPportunity to interact with the students that I haci n?E 

anticipated. Up to three students availed themselves '2f 

. , ,  . 
rides home with me. Their conversation was an acalrir:.sl, 

rich source of data. 

The first two weeks established a pattern of 

Participation, observation and reflection that icas zai:.cair!ed 



more o r  l e s s  t h r o u g h c u t  t h e  s t u d y .  My r o l e  a s  a  c a l c x l c s  

" e x p e r t w  e s t a b l i s h e d  2 cant-nuinq r e l a t i o n  w i t h  t w C  s t : i d e ? ~ s .  

MY a d v o c a c y  o f  p r o g r a m m a b i e ,  g r a p h i c s  c a p a b l e  c a l c u l a t z r s  

l e a d  t o  o n g o i n g  i n t e r a c t i o n  w i t h  f o u r  s t u d e n t s .  D r i v i n g  

S t u d e n t s  home a f t e r  c l a s s  a l l o w e d  m e  t o  g a t h e r  d a ~ a  f r 2 a  

t h r e e  o t h e r  s t u d e n t s .  One s t u d e n t  h a d  a n  o n g o i n g  i ~ t e r e s :  I n  

my r e s e a r c h ;  a n o c h e r  s t u d e n t  saw my r e s e a r c h  a s  a  p c s s i b l e  

fo rum f o r  e x p r e s s i n g  c o n c e r n s  t h a t  h e  h a d .  My t e z c h e r  

P e r s o n a  c a u s e d  s e v e r a l  s t u d e n t s  t o  s e e k  m e  o c t  c2 v a r i o x s  

O c c a s i o n s  f o r  h e l p  w i t h  t h e i r  p r o b l e m s .  I d i d  no: q e t  t2 

know e a c h  s t u d e n t  i n  t h e  c l a s s ,  b u t  I d i d  n a k e  c o n t a c t  b i i t ?  E 

s i g n i f i c a n t  number  o f  t h e m .  B e c a u s e  many o f  they1 i 2 t e r a c z e d  

W i t h  m e  i n  o n e  o f  s e v e r a l  r o l e s  I t o o k  i n  t h i s  s t u j y ,  I 

e n c o u n t e r e d  a  v a r i e t y  o f  p e r s p e c t i v e s .  

One l a s t  r o l e  t h a t  I h a d  t h r o u g h o u t  t h e  p a r t i c i p a n t  

O b s e r v e r  p h a s e  o f  t h e  s t u d y  t h a t  n e e d s  t o  b e  e m p h a s i z e d  I s  

t h a t  o f  a  f i n i t e  human b e i n g .  My f i e l d  n o t e s  I n d i c a c e  

P e r i o d s  o f  e x t r e m e  f a t i g u e  a n d  s o m e t i m e s  e v e n  b o r e d o m .  I 

w r o t e  t h e  f i r s t  m i d t e r m  w h i l e  t a k i n g  m e d i c a t i o ?  f o r  a  s e v e r e  

c o l d .  The demands  o f  my t e a c h i n g  j o b  w e r e  o f t e n  a t  o d d s  x i ~ h  

b e i n g  a s  t h o r o u g h  i n  ~ , y  r e s e a r c h  a s  I t h o u g h t  I s h o u l d  b e .  

C u r i o u s l y  e n o u g h ,  a s  I c o n v e r s e d  w i t h  my f e l l o w  s t u d e r C s ,  

b o t h  d u r i n g  t h e  c o u r s e  a n d  i n  i n t e r v i e w s  a f t e r w a r d ,  I 

t h a t  d i f f i c u l t i e s  I was  t r y i n g  t o  o v e r c o m e  L 2  

d o i n g  t h e  r e s e a r c h  p a r a l l e l e d  c h a l l e n g e s  t h e y  f a c e d  i r  t r y i ? q  



to successfully complete the course. My 1imltatior.s as a 

human beir.g becane a source of empathy and u n d e r s ~ a ~ ~ i n g .  

F Being a participant observer is Lar more chan g a c h e r : ~ ~  z ~ t z ;  

it is an opportunity to learn aboct oneself as well 2s 

others. 

Ethnographic Interviews 

Eisenhart (1988) describes the role of interviev/:s ir 

ethnographic research. 

Interviews are the ethnographer's principal means of 
learning about participants' subjective views; thcs, 
ethnographic interviews are usually open-ende5, csver 
a wide range of topics, and take some time to 
complete. Interviews are also helpful to inforr, the 
reasearcher about activities beyond his or her 
immediate experience, such as relelvant histcrical 
events or events occurring in other places. (p. 135) 

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); tc long audiotaped sessions focused cr? 2 

particular topic; to highly structured interviews iz 
which the researcher begins with open-ended 
questions, then uses answers from the original ope-- 
ended questions to structure more focused questions, 
and then is able to convert responses into nuv.erical 
form. (Eisenhart, 1988, pp. 105-106). 

It was clear to me from the beginning of this projec: 



in some depth if I were to have any understanding cf the;: 

experiences. What was considerably less clear zo me was nc-.: 

I was going structure and conduct these interviews. 32ce 

, - 
again, the role of the ethnographer as the "essentla- 

research instrument" and my inexperience in ~ h e  approgriac~ 

techniques seemed to be an overwhelming obstacle tc :he 

Success of this venture. 

- .  
The text material for interviewing was less helpf7~- rrzr, 

the associated material on participant observations. Izez z 

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 
format or question structure pronounced by one 
researcher, other investigators suggest alterra~ive 
uses for the same technique. Many of the 
prescriptive-proscriptive guidelines reflect 
differing world views, philosophical assumptions, 2-6 
values held by social scientists. They alsc 
represent protocols used for differing purposes snd 
research questiors, compatible with varying 
theoretical frameworks and research models, an5 
applicable to disparate research settings, 
participants and situations. Consequently, 
researchers are best served by seekinq and following 
guidelines for interview construction that are 
consistent with the goals and designs of parzic.~lar 
research projects. (p. 124) . 

The excellent advice at the end of the above paraqraz? 

Still left me in a quandary. I brought to the study :ss~Ss 

from my own experiences as a teacher and frorr r ~ y  readlnq - 5  







w e e k s  a f t e r  t h e  c o n c l c s i o n  c f  t h e  c o u r s e .  I: x a s  h e l d  

o f f i c e  . 
I n t e r v i e - d i n g  p a r t i c i p a n t s  a f t e r  t h e  c o n c l c s i o l  o f  

c o u r s e  may no=  

i n t e n d e d  d a t a -  

i n t e r v i e w s ,  i n  

r e c o n s t r u c t i o n  

b e e n  t h e  o p t i m a l  manner  cf gazher :?g  zr.2 

On t h e  o t h e r  h a n d ,  t h e  d a t a  ~ r a d ~ c e d  b y  7F.e 

i t s  c o r . s i s t e n c i e s  a n d  inconsistencies L~ : t 5  Y., 

a s  p a r t i c i p a n t  o b s e r v e r  o f  what  h a p p e ~ , e 5  i:. 



A r t  i f a c t  s 

The c o u r s e  left a  number  o f  t r a c e s  a f t e r  1 2 s  CorClusi :? .  

w h i c h  a d d  t o  t h e  o v e r a l l  d e s c r i p t i o n  o f  t h e  e v e n t .  I :have 

c o l l e c t e d  a  number o f  t h e m .  C h i e f  among t h e s e  a r e  t h e  

t e x t b o o k ;  t h e  a s s i g n e d  p r o b l e m  s e t s ,  m i d t e r m  t e s t s  2 Y . e  f i : - .~ l  

e x a m i n a t i o n  ( A p p e n d i x  9) ; a  c o u r s e  o u t l i n e  (Append i s :  El ; 2 2 5  

t h e  audit t a p e s  o f  t h e  l e c t u r e s .  S e r e n d i p t i c u s l y ,  I ?:as 3 1 ~ 2  

a b l e  t o  a c q u i r e ,  w i t h  t h e  i n s t r u c t o r ' s  a p p r o v a l ,  c o p i e s  2: 

t h e  c o u r s e  a n d  i n s t r u c t o r  e v a l u a t i o n  f o r m s  c o m p l e t e d  k y  t t ~  

S t u d e n t s  a f t e r  t h e  l a s t  l e c t u r e .  ( B l a n k  f o r x  i~ Apperdi:. 5.) 

I a l s o  h a v e  a  s p r e a d s h e e t  d i s p l a y  o f  s t u d e n :  x a r k s  p r i 3 r  Z: 

t h e i r  w r i t i n g  t h e  f i n a l  e x a m i n a t i o n .  Five I T ~ ? ~ ? - s  E f t e r  t h e  

C o n c l u s i o n  o f  t h e  c o u r s e ,  I was g i v e n  t h e  f i n a l  e x a ~ . i r . a t i : : . s  

w r i t t e n  by t h e  s t u d e n t s .  

I g e n e r a t e d  some w r i t t e n  a r t i f a c t s  m y s e l f  when d o i n g  z ? e  

P r o b l e m  se t s  a n d  w r i t i n g  t h e  t e s t s  a n d  e x a m i n a t i o n .  Ya te -L31  

w h i c h  I w o u l d  h a v e  l i k e d  t o  h a v e  c o l i e c t e d ,  b u t  d i d  r ! o ~ ,  

i n c l u d e s  s t u d e n t  n o t e b o o k s  a n d  a s s i g n m e n t s .  I a l s o  d i d  no: 

a t t e m p t  t o  a c q u i r e  a  g r a d e  d i s t r i b u t i o n  f o r  t h e  C l a s s .  

Some o f  t h e s e  a r t i f a c t s  s e t  u p  a  t e n s i o n  betwee:! 

O b j e c t i v i t y  a n d  s u b j e c t i v i t y  i n  t h e  s t u d y .  I s  stud en^ 

S u c c e s s  i n  t h i s  c o u r s e  t o  be m e a s u r e d  b y  f i n a l  g r a d e  a n d  

r a n k i n g  i n  t h e  c l a s s  o r  b y  h i s  o r  h e r  p e r c e p t i o n  cf 52s 

b e e n  a c c o r , p l i s h e d ?  F o r  t h e  p u r p o s e s  o f  t h i s  s t u d y ,  I 

m a i n t a i r ,  t h a t  t h e  l a t t e r  i s  more  r e l e v a n t .  



R e s e a r c h e r  I n t r o s ~ e c t i o n  

E i s e n h a r t  ( 1 9 8 8 )  w r i t e s  a b o u t  r e s e a r c h e r  i n t r o s p e c t i 3 7 . .  

The f o u r t h  method [ o f  d a t a  c o l l e c t i o n j  i s  p r o b a b l y  
most  u n u s u a l ,  a t  ; e a s t  t o  t h o s e  f a m i l i a r  w izh  :he 
p o s i t i v i s t  model o f  d o i n g  r e s e a r c h .  T h i s  method sf 
d a t a  c o l l e c t i o n  i s  r e s e a r c h e r  I n t r o s p e c t i o n .  -L A I:A -: s 
method i n v o l v e s  t h e  r e s e a r c h e r  h e r s e l f  o r  h i m s e l f  
r e f l e c t i n g  on t h e  r e s e a r c h  a c t i v i t i e s  a ~ d  c o n t e v r .  
The e t h n o g r a p h e r  r e g u l a r l y  r e c o r d s  t h e  LinBs o f  
t h i n g s  t h a t  a r e  h a p p e n i n g  t o  h e r  o r  t o  hix i~ r h e  
r e s e a r c h  s i ~ u a t i o n .  I n  t h i s  manner ,  t h e  e thncgrapF .e r  
t r i e s  t o  a c c o u n t  f o r  s o u r c e s  o f  emergenr  
i n t e r p r e t a t i o n s ,  i n s i g h t s ,  f e e l i n g s ,  and  t h e  r e a c t i v e  
a f f e c t s  t h a t  o c c u r  a s  t h e  work p r o c e e d s .  ( p .  1 0 6 )  . 

. - 
T h i s  a s p e c t  o f  e ~ h n o g r a p h i c  r e s e a r c h  was l e g i t l r x i z e z  r o r  

R e s e a r c h  ( S m i t h ,  1 9 9 1 ) .  A g u e s t  i n s t r u c t o r  i n  t h e  c 3 u r s e ,  

P r o f e s s o r  S t e p h e n  Smi th ,  i n t r o d u c e d  m e  t o  t h e  i d e a  c f  

Manen, 1 9 8 9 ) .  The r e f l e c t i v e  and  s u b j e c t i v e  n a t u r e  o f  a 

S u b s t a n t i a l  p a r t  o f  my d a t a  d i d  n o t  n e c e s s a r i l y  mean c h a r  LZ 

i n v a l i d ,  b u t  r a t h e r  t h a t  I had  t o  b e  c e r t a l n  t c  i5ert:fj 

t h e  c o n t e x t  a n d  t h e  r c l e  t h a t  I was a s suming  when r e c o r d i - c  

an o b s e r v a t i o n .  

R e s e a r c h e r  i n t r o s p e c t i o n  i n  t h i s  s t u d y  h a s  b e e r  

P a r t i c u l a r l y  s i g n i f i c a n t  i n  t h a t  t h e  r e s e a r c h  c r o c e s s  3 r d  c z w  

h a s  a f f e c t e d  me a s  an i n d i v i d u a l  h a s  become l n c r e a s i z q l k  

important a s  t h e  p r o j e c t  u n f o l d e d .  E t h n o g r a p h i c  r e s e a r c h ,  a= 

l e a s t  f o r  t h e  n o v i c e ,  l e a d s  t o  a  k i n d  o f  m e t a - r e s e a r c h  i? 



w h i c h  t h e  r e s e a r c h e r  h i m s e l f  o r  h e r s e l f  b e c o r e s  h i s  c r  h e r  

own o b j e c t  o f  s t u d y .  

Analysis of Data 

A s t u d y  w h i c h  e m p l o y s  e t h n o g r a p h i c  m e t h c d s  g e n e r z z e s  a 

t h e  e f f e c t  t h i s  h a s  o n  r e s e a r c h e r s .  

Many r e s e a r c h e r s  f i n d  t h e i r  i n i t i a l  c o n f r o n t a t l a r  
w i t h  a  m o u n t a i n  o f  u n d i g e s t e d  d a t a  - d r a w e r s  f ~ , l  o f  
f i e l d  n o t e s ,  n o t e b o o k s  f u l l  o f  i n t e r v i e w s ,  a n d  b o x e s  
o f  p r o t o c o l s ,  p h o t o g r a p h s ,  i n s t r u m e n t s ,  a n c  o t h e r  
m e m o r a b i l i a  - t o  be s o  d e p r e s s i n g  t h a t  t h e y  a ~ e  
r e l u c t a n t  t o  m e m o r i a l i z e  t h e  e x p e r i e n c e  ir. p r i n t .  ( c  
1 6 6 )  

About  a c t u a l  d a t a  a n a l y s i s  p r o c e d u r e s  t h e y  h a v e  t h i s  ~3 s a y .  

The p r o c e s s  o f  d a t a  a n a l y s i s  i n  e t h n o g r a p h y  h a s  b e e n  
t r e a t e d  a s  a r t  r a t h e r  t h a n  s c i e n c e .  Some e x p e r i e n c e 5  
e t h n o g r a p h e r s  r e j e c t  s y s t e m a t i z i n g  p r o c e d u r e s  f o r  
a n a l y z i n g  q u a l i t a t i v e  d a t a  b e c a u s e  s u c h  p r c c e d ~ r e s  
m i g h t  r i g i d i f y  t h e  p r o c e s s ,  r e s u l t i n g  i n  a  l o s s  o f  
t h e  i n t u i t i v e  a n d  c r ea t i ve  q u a l i t i e s  o f  e t h n o g r a p h y .  
G i v e n  t h e  d e a r t h  o f  l i t e r a t u r e  on analysis, n e o p h y z e  
e t h n o g r a p h e r s  f i n d  l i t t l e  g u l d a n c e  f o r  t h e l r  e f f o r ~ s .  
N e v e r t h e l e s s ,  e t h n o g r a p h e r s  d o  a n a l y z e  t h e l r  d a t a  a n z  
d o  u s e  f o r m a l ,  s y s t e m a t i c ,  a n d  l o g i c a l  p r o c e d u r e s  tc: 
g e n e r a t e  c o n s t r u c t s  a n d  e s t a b i l s h  r e l a t : o z s - ? i p s  aTsncj 
t h e m .  ( p p .  166-1671 

I n  my r e v i e w  o f  t h e  l i t e r a t u r e  o n  d o i n g  e t h n o g r a p h y ,  I 

f o u n d  t o c  much g u i d a n c e ,  r a t h e r  t h a n  t o o  l i t t l e .   here i s  2 



o f  e t h n o g r a p h i c  d a t a  a n a l y s i s  t h a t  a p p e a r e d  c o 2 s ; s c e n z l y  

i n  t h e  l i t e r a t u r e .  

E i s e c h a r t  (1988) describes whaz I t a k e  t c  be t h ?  5 z s : c  

P r e c e p t s  o f  d a t a  a n a l y s i s  i n  a  s t u d y  e m p l o y i r g  e t h n o g r a p h i c  

a n a l y s i s .  

The p u r p o s e  c f  t h e s e  [ d a t a  a n a l y s i s ]  p r o c e 6 . d r e s  i s  zs 
i d e n t i f y  m e a n i n g s  h e l d  b y  p a r t i c i p a n t s  a?.d 
r e s e a r c h e r s  a n d  t o  o r g a n i z e  t h e  m e a n i n g s  s o  t h e y  xake 
s e n s e  i n t e r n a l l y  ( t o  t h e  a c t c r s )  a n d  e x t e r x a l l y  ! z z  
o t h e r s )  
B a s i c a l l y ,  e t h n o g r a p h i c  a n a l y s i s  c o n s i s t s  o f  t e x t -  
b a s e d  p r o c e d u r e s  f o r  a s s u r i n g  t h a t  t h e  views ~f 
p a r t i c i p a n t  a n d  r e s e a r c h e r  r e m a i n  d i s t i n c t  a n d  t k a z  
a l l  a s p e c t s  o f  t h e  m a t e r i a l  a r e  t a k e n  i n t o  a c c o c R t .  
G e n e r a l l y ,  the p r o c e d u r e s  i n v o l v e  d e f  i n i n q  
" m e a n i n g f u l  u n i t s "  o f  t h e  m a t e r i a l  ( m e a ~ ~ i n g f c l  z? t h?  
p a r t i c i p a n t  o r  r e s e a r c h e r )  a n d  c o m p a r i n g  z r : $ t s  zz 
o t h e r  u n i t s .  
D a t a  c o l l e c t i o n  a n d  a n a l y s i s  p r o c e e d  t o g e t h e r  
t h r o u g h o u t  t h e  p e r i o d  o f  t h e  s t u d y .  The c c l l e c z i o -  
o f  new m a t e r i a l  a n d  s u b s e q u e n t  a r . a l y s i s  may r a i s e  'ew 
r e s e a r c h  q u e s t i o n s  o r  l e a d  t o  i n s i g h ~ s  t k a z  b e c 3 n e  
i n c o r p o r a t e d  i n t o ,  o r  s o m e t i m e s  r a d i c a l l y  r e d i r e c z ,  
t h e  s t u d y  i t s e l f  a s  w e l l  a s  l a t e r  d a t a  c o l l e c t i o n .  
( p .  137) 

I came t o  see my r o l e  i n  t h i s  s t u d y  a s  a  f i l t e r   an^ a p  

G o e t z  a n d  LeCompte ( 1 9 8 4 )  s p e a k  o f  s e q u e n t i a l  s e l e c t i c r ~  a s  E 

P r o c e s s  i n  w h i c h  t h e  o b j e c t s  o f  i n t e r e s t  t o  t h e  r e s e a r c h e r  in 











Van Maanen recommends that the neophyte ec3nograp:-ler 

begin with the realist tale, althougl~ enjoining the 

researcher not to mistake the reporting of detail for 

objectivity. have attempted to foilow his aavice, a L ~ h c l ; n i i  

there are aspects of the confessional tale sprinkled 





CHAPTER IV 

STUDENT EXPERIENCES IN A FIRST SEMESTER 

UNIVERSITY CALCULUS COURSE 

~ntroduct ion 

In this chapter I present a written chronologically 

ordered account of my fieldwork experiences in both the pil3t 

and actual studies. These are followed by responses Rade by 

Several students and the instructor during taped i:-terviexc 

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 of the 

sequence) cn the main campus at Simon Fraser 

University. With the help of my thesis advisor, I sec~red cze 

Permission of the Mathematics Department to act as an 

observer in chis class. This practice fieldwcrk occurred CF. 

. - 
f o u r  separate days. (See Appendix A for details.) IC ? ? - - @ w e 5  

me to experience the complexity and richness of the 

Observation process and gave me some initial ~nslghts ;nt2 

the challenges of balancing roles as a participant sbserver. 



A t  t h e  same t i m e ,  I a c q u i r e d  d a t a  t h a t  I would u s e  t c  compare 

and  c o n t r a s t  w i t h  f i e l d w o r k  on my a c t u a l  p r o j e c t  i n  t h e  f a l l .  

My p r i m a r y  o b j e c t i v e  i n  t h i s  p i l o t  s t u d y  was t o  g a i n  

e x p e r i e n c e  a s  an  e t h n o g r a p h i c  f i e l d w o r k e r .  Seconda ry  

o b j e c t i v e s  w e r e  t o  i d e n t i f y  a n d  c l a r i f y  i s s u e s  t h a t  w c . d l d  be 

of  p a r t i c u l a r  i n t e r e s t  i n  t h e  f u l l  s t u d y .  

The f i e l d w o r k  c o n s i s t e d  o f  a t t e n d i n g  f o u r  55 r n i n u ~ e  

l e c t u r e s ,  two i n f o r m a l  h a l f  h o u r  d i s c u s s i o n s  w i t h  t h e  

i n s t r u c t o r ,  a n d  t h r e e  t o  t h r e e  and a  h a l f  h o u r s  o f  

o b s e r v a t i o n  a n d  d i s c u s s i o n  w i t h  s t u d e n t s  a t  t h e  c a l c u l u s  

l a b o r a t o r y .  I a u d i o  t a p e d  two o f  t h e  l e c t u r e s .  

F o l l o w i n g  p r o c e d u r e s  I h a d  g l e a n e d  from t e x t b o o k s  cc 

e t h n o g r a p h i c  f i e l d w o r k ,  I began  by r e c o r d i n g  a s  much d e z a i l  

a s  p o s s i b l e .  My e a r l i e s t  n o t e s  c o n t a i n e d  r e f e r e n c e s  ts 

S t u d e n t  b e h a v i o u r  s u c h  a s  e a t i n g  c a f e t e r i a  food  b e f o r e  a n d  

d u r i n g  t h e  l e c t u r e ,  s t u d e n t  a t t i r e ,  a t t e n d a n c e  a n d  t i n e  sf 

a r r i v a l ,  n ~ t e  t a k i n g  t e c h n i q u e s ,  s t u d e n t  c 0 n v e r ~ a t i o 3 ,  2nd 

be tween  s t u d e n t  a n d  i n s t r u c t o r .  "here w a s ,  

however ,  a  p a s s i v e  q u a l i t y  t o  much o f  t h i s  a c t i v i t y .  Yy 

f i e l d  n o t e s  from t h e  l e c t u r e s  w e r e  d o m i n a t e d  by t h e  c o u r s e  

m a t e r i a l  a n d  i t s  p r e s e n t a t i o n  by t h e  i n s t r u c t o r .  O r i g ; n a l l y ,  

I was c o n c e r n e d  t h a t  t h i s  p r e - o c c u p a t i o n  w i t h  t h e  t e a c h i n g  

r a t h e r  t h a n  t h e  l e a r n i n g  i n d i c a t e d  t h a t  my o b s e r v a t i o n s  w e r e  

i n a d e q u a t e .  upon r e f l e c t i o n ,  I have  come t o  b e l i e v e  t h a t  my 



n o t e s  a n d  t h e i r  f o c u s  a c c u r a t e l y  d e p i c t  t h e  p a s s i v e  r o l e  

a s s u m e d  b y  t h e  s t u d e n t s  i n  t h i s  c o n t 2 x t .  

I n  t h e  f i r s t  f i e l d w o r k  s e s s i o n ,  I a t t e n d e d  a  l e c t ~ r e  a n d  

made f i e l d  n o t e s .  ~ n  t h i s  i n s t a n c e ,  I w a s  p c r e l y  a n  o b s e r v e r  

a n d  h a d  y e t  t o  i n t r o d u c e  m y s e l f  t o  t h e  i n s t r u c t o r  o r  

s t u d e n t s .  No o n e  a p p e a r e d  t o  t a k e  n o t e  o f  my p r e s e n c e .    he 

a t t e m p t  t o  make m e a n i n g f u l  o b s e r v a t i o n s  i n  a  s p e c i f i c  C Q n t e Y t  

showed m e  how d i f f i c u l t  i t  was  t o  a p p l y  t h e  g e n e r a l  

frameworks o f  t h e  e t h n o g r a p h i c  m e t h o d s  d e s c r i b e d  i n  L ~ ~ : ~ ~ o c ! < s  

t o  t h e  s p e c i f i c  s i t u a t i o n  I w a s  s t u d y i n g .  

I f o u n d  t h a t  my o b s e r v a t i o n s  s l i d  f rom p h y s i c a l  l a y o u t  

o f  t h e  l e c t u r e  t h e a t r e  t o  o v e r t  b e h a v i o u r  o f  t h e  p a r t i c i p a r t s  

( i n s t r u c t o r  a n d  s t u d e n t s )  t o  a p p e a r a n c e  a n d  b s d y  l a n g u a q e  cf 

P a r t i c i p a n t s  t o  l e c t u r e  c o n t e n t  t o  t e a c h i n g  s t y l e .  Two 

o f  t h i s  s t u d y  became a p p a r e n t .  F i r s t ,  I w o u l d  

c o n t i n o u s l y  n e e d  t o  u s e  " b o u n d a r y  s p a n n i n g "  s k i l l s  i n  : h i s  

s t u d y .  T h a t  is, I would  n e e d  s k i l l s  " i n  c o m m u n i c a t i n g  w i t h i n  

and  a c r o s s  c u l t u r a l  g o r u p s "  ( G o e t z  & LeCompte, 1984. p .  99). 

I t e a c h  c a l c u l u s  a t  a  h i g h  s c h o o l  a n d  my p e r c e p t i o n  o f  wha t  

Was O c c u r r i n g  i n  a  c a l c u l u s  c l a s s  would  i n  a l l  c a s e s  be 

a f f e c t e d  by t h a t  p a r t i c u l a r  r e s e a r c h e r  r o l e .  S e c o n d l y ,  t k e  

l e c t u r e  f o r m a t  o f  i n s t r u c t i o n  d o e s  n o t  l e n d  i t s e l f  t o  a  g r e a t  

deal o f  p a r t i c i p a n t  i n t e r a c t i o n .  1f I was t o  make s e n s e  3f 

the c a l c u l u s  s t u d e n t ' s  e x p e r i e n c e s ,  I would  h a v e  t3 be 

a s s i d u o u s  in my a n d  a g g r e s s i v e  i n  e s t a b l i s h i n q  



relationships with the participants. The second 

COnsiderati9n impacted on the roles I sought te establis5 far 

myself in the primary project. 

A key aspect of my experience in the pilot study xas r y  

growing awareness of the many perspectives I wculd have Lt2 

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 a teacher, 

responding negatively to this use of instructional ~ i r ~ e .  

The class was scheduled to begin a 8:30 a.m. A lare 

arrival focused my attention on the time in this first 

attempt at observation. I noted that it was 8:42 before t h e  

, 
day's lecture began.  he topic was Exponentlai Growth a's 

Decay and was referenced by the corresponding s e c ~ i ~ c  i~ t!--e 

text. By this time there were 19 students in attendance. 

It was now that ny responsibilities as an observer began 

to Seem overwhelming. The lecturer and his activities were 

and dominating; the actions of the students were 

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

0" the lecture and lose sight of the class. The cOr:tenZ 3f 

the material presented; the delivery style of =he le~t3rer; 

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 



a n o t h e r .  A l l  t h e  w h i l e ,  I was  w o r k i n g  t o  b r i n g  t h e  

O b s e r v a t i o n  p r o c e s s  L n d e r  c o n t r o l .  Tnus  I f o u n d  m y s e l f  ad ,5 i r lg  

n o t e s  a b o u t  n o t e t a k i n g .  
- .  

The c o n t e n t  a n d  d e l i v e r y  o f  t h e  l e c ~ u r e  XaS S i~- l : :C2rZ  

i n  t h e  m e s s a g e s  I p e r c e i v e d  b e i n g  s e n t  t o  t h e  s t u d e n c s  

( a l t h o u g h  I w o u l d  not- know u n t i l  much l a t e r  i n  my r e s e a r c h  

wha t  m e s s a g e s  w e r e  b e i n g  r e ce ived ) .  The l e c t u r e  begar .  wiz:? 

Some v e r b a l l y  p r e s e n t e d  e x a m p l e s  o f  e x p o n e n t i a l  g r o ~ t k  a n d  

d e c a y .  The d i f f e r e n t i a l  e q u a t i o n  ?= ky was wrir:er cr 

t h e  o v e r h e a d  w h i c h  c a c s e d  some n o t e t a k i n g  a c t i v i t y .  The 

i n s t r u c t o r  o f f e r e d  t h a t  "one  s o l u t i o n  i s  ekt  , i n  fact, E k e  

Only  s o l u t i o n s  a r e  c e k t U  a n d  t h e n  p r o c e e d e d  t o  3 c t i i n e  a 

u n i q u e n e s s  p r o o f .  I r e f l ec t ed  t h a t  t h e  e x i s t e n c e  3rd  

u n i q u e n e s s  o f  s o l u t i o n s  t o  d i f f e r e n t i a l  e q u a t i o n s  is q u i t e  a  

S o p h i s t i c a t e d  i n t r o d u c t i o n  t o  t h i s  t o p i c .  

B u t  t h e n  t h e  i n s t r u c t o r  w r o t e  a  s t a n d a r d  p r o k l e F  0: t h e  

O v e r h e a d  a n d  t h e  s o l u t i o n  was o f f e r e d  w i t h  t h e  comrneP.ts " S e r e  

i s  a t r i c k " ;  " y o u ' l l  see whyw a n d  "I d i d  t h i s  c n  2 

c a l c u l a t o r w .  The c h a n g e  f rom a t  l e a s t  m e n t i o n i n g  a s p e c t s  z f  

d i f f e r e n t i a l  e q u a t i o n s  t o  w o r k i n g  t h r o u g h  t e r n p i a z e  

P r o b l e m s  was j a r r i n g .  ~ o t  o n l y  t h a t ,  I came f a c e  t o  f a c e  

w i t h  t h e  t e a c h e r - o b s e r v e r  t e n s i o n .  ; knew a  b e t t e r  w a y  o f  

t e a c h i n g  how t o  s o l v e  t h a t  t y p e  o f  p r o b l e m -  

A l t h o u g h  I was  o n l y  h a l f w a y  t h r o u g h  t h e  f i r s t  l e c t _ r e  ; 

o b s e r v i n g ,  I b e g a n  1-0 f ee l  t h e  boredom a n d  t h e  p c t e r . T i a l  





T h i s  s e c o n d  l e c t u r e  was s i g n i f i c a n t  t o  ny r e s e a r c h  i n  

two r e s p e c t s .  A t  t h e  b e g i n i n g  o f  t h e  l e c t u r e ,  t h e  i ? s ~ r c c r 2 r  

i n t r o d u c e d  m e  t o  t h e  s t u d e n t s  i n  a t t e n d a n c e   an^ a t t e c p r e 5  z3 

e x p l a i n  my p u r p o s e  i n  b e i n g  t h e r e .  I i n t e r p r e t e d  t h e  s r z B e ~ , z  

r e a c t i o n  a s  b e i n g  p o l i t e ,  nun -commi t t a l  a c c e p t a n c e .  Khat t h e  

i n t r o d u c t i o n  d i d  s e t  up ,  however,  was a  p a t t e r n  f o r  r h i s  a 2 5  

t h e  l a t e r  s t u d y .   or good  o r  i l l ,  I d i d  n o t  s e e k  o u r  
- .  

c o n v e r s a t i o n  w i t h  s t u d e n t s  u n l e s s  t h e y  a p p r o a c h e d  me z:rsz.  

I was v e r y  much c o n c e r n e d  t h a t  my r e t i c e n c e  i~ " i n s 3 s i n ~  

m y s e l f n  on o t h e r s  would p r o v e  t o  be a  c r i p p l i n g  h a . , d i c a p  z c  

t h e  r e s e a r c h .  A s  i t  t u r n e d  o u t ,  a f t e r  I was i n t r o d u c e d  z s  

t h e  c l a s s ,  t h e r e  were  s t u d e n t s  who would seek m e  o u t  a n d  

i n i t i a t e  c o n v e r s a t i o n  ( a l t h o u g h  t o  a l i m i t e d  d e g r e e  i n  c h i s  

P r e l i m i n a r y  work)  . 

A s e c o n d  i m p o r t a n t  f e a t u r e  o f  my s t u d y  d u r i n g  c ? ~ a r  

Second  l e c t u r e  was t h e  impac t  t h a t  my r e a d i n g  o f  t h e  c a i c u l x s  

r e f o r m  l i t e r a t u r e  h a d  on my a t t i t u d e s  and  o b s e r v a t i o n s .  

The t o p i c  :h i s  d a y  was l 1 H 6 p i t a l ' s  R u l e .  I found  % y S e l f  

i n c r e d u l ~ ~ u ~  t h a t  t h e  c o u r s e  had  moved f rom e x p o n e n t i a l  

g r o w t h  and  d e c a y  t o  l i m i t s  o f  i n d e t e r m i n a t e  forms  13 ~ G S Z  G?e 

l e c t u r e ,  b u t  t h e  s t u d e n t s  d i d  n o t  seem p a r t i c u l a r l y  x p s e c .  

The c r i t i c i s m  t h a t  t h e  t r a d i t i o n a l  c a l c u l u s  c u r r i ~ ~ l d m  x a s  

Overcrowded a n d  t h a t  t h e  p a c e  o f  i n s t r u c t i o r ,  was necessarily 

too  s w i f t  f o r  t r u e  l e a r n i n g  seemed p a r t i c u l a r l y  r e l e v a n t .  





1 1 0  ( b u s i n e s s  p r e - c a l c u l u s )  c o u r s e  w i t h  t w o  h u n d r e d  s t u d e n z s ,  

o f  whom, h e  estimated, a b o u t  f i f t y  w € r e  rowdy .  H i s  s c l c t L ~ , n  

to d e a l i n g  w i t h  t h e  Math 110 c l a s s  was t o  "pGsh hard a?c  

C o v e r  l o t s  o f  m a t h " .  

. . 
The i n s t r u c t o r  h a d  n o  b a c k g r o u n d  i n  p e d a q c q y  a n 2  325 

r e c e i v e d  no s u g g e s t i o n s  o r  h e l p  f rom d e p a r t n e n z a l  f a c u l t y  

w i t h  r e s p e c t  t o  t e a c h i n g .  H e  d r e w  on h i s  own e x p e r i e n c e s  a n d  

m e m o r i e s  t o  d e v e l o p  a  t e a c h i n g  s t y l e .  When h e  was a- 

u n d e r g r a d u a t e  s t u d y i n g  c a l c u l u s ,  h e  s t o p p e d  a t r e n d i n ?  

l e c t u r e s ,  a t t e n d e d  t u t o r i a l s  o n l y  t o  p i c k  u p  on  E ~ Z  

p r o f e s s o r ' s  i n s i g h t s  i n t o  t h e  m a t e r i a l ,  a n d  e s t a b l i s h e d  Che 

recipe READ T E X T ,  WORK HARD, DO WELL. The i n s t r u c ~ o r  

d e l i b e r a t e l y  c h o o s e  t o  u s e  i n f o r m a l  l a n g u a g e  a n d  h u m o ~ r  ir-. 

h i s  l e c t u r e s .  

AS a c l o s i n g  q u e s t i o n ,  I a s k e d  i f  a n y  o f  t h e  s t . d d e n t s  

h a d  a s k e d  h i m  a b o u t  t h e  s o l u t i o n  t o  p r o b l e m  5 on t h e  s e c a r d  

m i d t e r m .  ( T h i s  was  t h e  p r o b l e m  f o r  w h i c h  e v e r y  s tude5 :  

r e c e i v e d  c r e d i t  b e c a u s e  n o n e  o f  t h e m  s o l v e d  i t . )  The 

i n s t r u c t o r  r e p l i e d  t h a t  n o  o n e  h a d .  H e  s e e m e d  n e i r h e r  

" r p r i s e d  n o r  u p s e t .  

The m a t e r i a l  t h a t  I g l e a n e d  f rom t h i s  t a l k  was 

c o n s i s t e n t  w i t h  w h a t  I h a d  r e a d  on t h e  "Who t e a c h e s  t h e  

c a l c u l u s ? n  i s s u e :  j u n i o r  f a c u l t y  w i t h  l i t t l e  t e a c h i n g  

a n d  m i n i m a l  s u p p o r t  f r o m  t h e  d e p a r t m e n t .  I Z s c k  















Participant Observation 

~ u q u s t  t o  S e p t e m b e r  1 2 , 1 9 9 1  

By t h e  e n d  o f  ~ u g u s t ,  1 9 9 1  I h a d  s e l e c t e d  a  c o u r s e  f c r  

my p r i m a r y  s t u d y .  I t  was a  F a l l  S e m e s t e r  Math 151 c o x r s e  

b e i n g  t a u g h t  o n  T u e s d a y  a n d  T h u r s d a y  e v e n i n g s  at t h e  H a r b z u r  

C e n t r e  Campus.  A p p r o v a l  o f  t h e  D e p a r t m e n t  a n d  o f  t h e  

I n s t r u c t o r  f o r  my p a r t i c i p a t i o n  i n  t h e  classes h a d   bee^ 

s e c u r e d .  

To b e g i n  w i t h ,  a s  d i d  many o t h e r  s t u d e n t s ,  = -dent  t o  t h e  

b o o k s t o r e  on t h e  main  campus a b o u t  one  w e e k  b e f o r e  c l a s s e s  

b e g a n .  I t  w a s  v e r y  c r o w d e d  a n d  b u s y  i n  t h e  a i s l e s  w h e r e  

s t u d e n t s  s e a r c h e d  f o r  t h e i r  t e x t s .  When I l o c a t e d  'he t e x t ,  

I f o u n d  s e v e r a l  s t u d e n t s  p u z z l i n g  o v e r  w h e t h e r  t h e y  w e r e  t o  

P u r c h a s e  t h e  f i r s t  o r  s e c o n d  e d i t i o n .  (The  f i r s t  e d l t i c r  w a s  

t o  be u s e d  b y  s t u d e n t s  t a k i n g   he s e c o n d  c o u r s e  i n  t h e  

c a l c u l u s  s e q u e n c e ,  Math 1 5 2 .  The s e c o n d  e d i t i o n  was f o r  t h e  

semester o f  Math 1 5 1 . )  The s e c o n d  e d l t i o n  was  

S h r i n k w r a p p e d  a n d  more e x p e n s i v e  t h a n  t h e  f i r s t  e d i t i o n .  

T h e r e  was  some d i s c u s s i o n  a s  t o  w h e t h e r  t h e  s a v i n g s  i n  c o s t  

Was w o r t h  t h e  g a m b l e  t h a t  t h e  f i r s t  e d i t i o n  w o u l d  be o f  

l i t t l e  u s e  i n  t h e  Math 1 5 1  c o u r s e .  

I o b t a i n e d  a  copy  o f  t h e  s h r i n k w r a p p e d  s e c o n d  e d i t i o n ,  

and C h a r g e d  t h e  $70 p r i c e  on my VISA. I w o n d e r e d  how some o f  



t h e  s t u d e n t s ,  w o r k i n g  w i t h  c o n s i d e r a b l y  f e w e r  f i n a n c i a l  

r e s o u r c e s  t h a n  I h a d ,  f e l t  a b o u t  t h e  p r i c e .  

A t  home, I removed  t h e  w r a p p i n g  a n d ,  u s i n g  _ h e  c o l ~ r s e  

o u t l i n e  ( A p p e n d i x  D) , b r o w s e d  t h r o u g h  t h e  b o o k .  The te:x.lt was 

m a s s i v e ,  o v e r  1100 p a q e s  a n d  w e i g h i n g  more t h a r  2  k i i o q r a T s .  

I t  w a s  p r o f u s e l y  i l l u s t r a t e d  u s i n g  s e v e r a l  i n k  c o l o u r s .  I t  

Seemed t h a t  n o  t o p i c  o r  a p p r o a c h  was l e f t  u n t r i e d .  Tk? b o c k  

e m b o d i e d  much o f  t h e  d i s c u s s i o n  i n  t h e  c a l c u l u s  r e f c r ~ .  

movement a b o u t  wha t  was  wrong w i t h  t e x t s  f o r  a  f i r s t  c a u r s e  

i n  c a l c u l u s .  Y e t ,  i n  c o m p a r i s o n  w i t h  t h e  t e x t s  I d s e d  I n  ~y 

own c l a s s r o o m ,  it seer.& to be a v e r y  good  c a l c u l u s  t e : < t b o a k .  

M a t c h i n g  t h e  t e x t  a g a i n s t  t h e  c o u r s e  o u t l i n e ,  I f o u n d  

t h a t  Math  151 c o v e r e d  o n l y  a b o u t  3 0 0  p a g e s  i n  t h e  t e x t .  The 

a s s u m p t i o n  w a s  t h a t  m o s t  s t u d e n t s  would  p r o c e e d  f r o m  Math 151 

t o  Math  1 5 2  w h e r e  t h e  same t e x t  w o u l d  be u s e d  a n d  p e r h a p s  

a n o t h e r  3 0 0  t o  400 p a g e s  would  be c o v e r e d .  L a t e r  i n  x h e  

s t u d y  I f o u n d  o u t  t h a t  a  s i g n i f i c a n t  number o f  s t 3 d e r . t ~   ill 

f i n i s h  t h e i r  s t u d y  o f  m a t h e m a t i c s  w i t h  t h e  Math 15: c o . < r s e .  

A l s o ,  t h o s e  t h a t  d o  c o n t i n u e  on t o  Math 152  w o u l d  h a v e  to 5 , ~  

So w i t h  some s w i f t n e s s .  O t h e r w i s e  t h e y  m i g h t  g e t  c a u g h t  ~ i t h  

a n  e d i t i o n  change such a s  t h e  o n e  t h a t  t h e  Math 151/152 w a s  

c u r r e n t l y  u n d e r g o i n g .  MY n e t  f e e l i n g ,  b e f o r e  g o i n g  t o  t h e  

f i r s t  c l a s s  a n d  b e f o r e  t a l k i n g  a b o u t  i t  w i t h  my c l a s ~ n a t e s ,  

Was " t o o  much t e x t " .  



The first lecture was scheduLed for 7:35 p.m. on 

Tuesday, September 3, 1991, in Room 1415 at the Xarbocr 

Centre Campus. 

After finishing p,y workday, I stayed laze at the s ~ l ~ o c l  

where I taught, caught a meal nearby and then drove cbswrLtcwc. 

It wasn't until later that I found my schedule was sircilar to 

that of several of my classmates. Arriving at Harbour 

Centre, I found parking under the building. After a 

frustrating experience with a balky t i c ~ e t  dispenser, I made 

my way into the building and began to search for Z30m 1415. 

, - 
My anxiety level was quite high by this time. I wondered IT 

the same was true for my classmates, for whatever reasoEs. 

I found the room just after 7:00 p.m. There were Ewc 5:  

three students were already in the room. The social mood was 

that of an elevator, with averted glances, Silence and hushed 

whj spers. 

The room itself, and the building in general, struck me 

as being luxurious. ~ o o m  1415 consisted of three raised, 

Semi-circular tiers of continuous desks with comfortable, 

chairs for the stgdents. In the front was a 

lectern and a cart with an overhead projector. The front 

wall was a chalkboard over which a wide overhead scree? c o c l j  

be lowered. There were doors to either side of the 

chalkboard. The room was carpeted and the colours were deep 

and a shade of purple. This was a considerable step sp 



B u r n a b y  M o u n t a i n  Campcs.  

A b o u t  7:23 t h e r e  was some i n i t i a l  i n t e r a c t i o n  b e t w e e n  

t h e  s t u d e n t s  a s  o n e  a s k e d  t o  l o o k  a t  t h e  t e x z b ~ o k  af z ~ ; s t h e r .  

( N o t  a l l  s t u d e n t s  h a d  a c q u i r e d  a  t e x t  b e f o r e  t h e   firs^ 

c l a s s ! )  I l i s t e n e d  t o  some d i s c u s s i o n  a b o u t  t h e  r e l a z i v e  

P r e p a r e d n e s s  t h a t  s t u d e n t s  f e l t  t h e y  h a d  f o r  t h i s  c o c r s e  an5 

why t h e y  w e r e  t a k i n g  t h e  c o u r s e .  

A t  7:25, t h e  i n s t r u c t o r  a r r i v e d ,  s a y i n g ,  "Good e v e n i n q .  

T h i s  i s  Math 151 - C a l c u l u s .  Does a n y o n e  know hot-  t o  l o w e r  

t h e  o v e r h e a d  s c r e e n ? "  W i t h  p r o m p t i n g  f r o m  t h e  s t u d e n t s ,  the 

s c r e e n  was  s u c c e s s f u l l y  l o w e r e d  a n d  t h e  o v e r h e a d  p r c j e c t ~ r  

t u r n e d  o n .  The i n s t r u c t o r  i n t r o d u c e d  h i m s e l f ,  r e a d  cu:. t h e  

c l a s s  l i s t ,  c i t e d  t h e  c o u r s e  d e s c r i p t i o n  a n d  t h e  t e x t .  The 

t e x t ,  i d e n t i f i e d  by  i t ' s  a u t h o r ' s  name, S t e w a r t ,  Was s a i d  b y  

t h e  i n s t r u c t o r  t o  be t h e  " b i b l e  f o r  t h i s  c o u r s e " .  

A t  7:30 t h e r e  were t w e n t y  s t u d e n t s  i n c l u d i n g  m y s e l f .  

S e v e r a l  s t u d e n t s  a r r i v e d  l a t e  o v e r  t h e  n e x t  t e n  5 I i n d t e s  w h i l e  

i 

the i n s t r u c t o r  w e n t  o v e r  some p r o c e d u r a l  d e t a i i s  a n d  q a v ?  a .  

Overview of t h e  c o u r s e .  He s t r e s s e d  t h e  v a l u e  o f  t h i s  

c o ~ r s e ,  b u t  w a r n e d  t h a t  t h e  p a c e  w o u l d  be r a p i d .  H e  r e m i n d e d  

S t u d e n t s  o f  t h e  p r e r e q u i s i t e  o f  a t  l e a s t  a  B s t a n d i n g  i n  

A l g e b r a  12- AS a  h i g h  s c h o o l  t e a c h e r ,  I was a l i t t l e  b e m u s e 5  

by t h i s .  ~ h ~  A l g e b r a  12 c o u r s e  h a d  b e e n  r e p l a c e d  2 y e s r  ar.5 
, - - .  

a h a l f  a g o  by a  e n t i t l e d  M a t h e m a t i c s  i2. F ~ l f l ~ ~ l ~ g  



this prerequisite was even more problematical for ssne cf tze 

students, I later learned, because they had been away f r o n  

school for a considerable length of time and their last 

mathematics course was not necessarily taken in a B.C. kiqk. 

school. 

The instructor went on at some length abcct the need t2 

have sufficient background in arithmetic asc algebra. Ee 

mentioned the Math 106 pre-calculus course an6 asked how meny 

Students had taken it. The course would be rigoro7<s, he 

said, and the students would need to spend a mini111;lm cf twc 

hours outside of class studying and working on problems f c -  

every hour of class time. It would be very difficult cc r,s;ce 

u p  for missed classes in this course. I looked arouzd tc soe 
. , 

how my classmates were reacting to chis doomsaying. If - - -  L r . , ~  

discussion was designed to make weaker students reconsider 

their enrolment in the course, I don't know 5ow effective it 

was. Most students were taking the course because i~ was a 

Prerequisite for other courses they wished to study an5 t k ~ > -  

felt they had little choice in taking or no: takinc t!?is 

Course. 

The evaluation scheme was laid out in great detail. 
m L .Ae 

dates of the :wo midterms, Thursday, October 1 C  and Thursday, 

November 14 were set as was the amount that these cze-hc~r 

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

were to be about nine assignments to be submitted L C  ::he 





t h e  a s s i g n m e n t s  were m a r k e d ,  s o l u t i o ~  k e y s  wcuL5 be z v a l l z r l e  

i n  b i n d e r s  i n  t h e  l i b r a r y  a t  Harbour .  C e n t r e .  

T h i s  was  s u g g e s t i v e  o f  how c o m p l e x  t h e  t e a c h i x g  ef 

c a l c u l u s  a t  u n i v e r s i t y  c o u l d  b e c o m e .  The i n s t r u c t o r  c 7 c 2 s e s  

p r o b l e m s  f r o m  a  t e x t b o o k  t h a t  i s  prescr ibed b y  a  d e p a r ~ m e n t a l  

c o m m i t t e e .  S t u d e n t s  work on t h e s e  p r o b l e m s  a n 5  s u b m i t  z h e ~ ,  

t o  a  t e a c h i n g  a s s i s t a R t ,  who m a r k s  t h e m  o n  t h e  b a s i s  ef 

S o l u t i o n  k e y s  p r e p a r e d  b y  t h e  p u b l i s h e r  o f  t 5e  t e x c b o z k .  ( ? h e  

S o l u t i o n  k e y s ,  a s  it t u r n e d  o u t ,  w e r e  c u t  a n d  p a s t e  

p h o t o c o p i e s  o f  a  S o l u t i o n  Key m a n u a l  s e t  f o r  t h e  ~ z x r b a c k . )  

Twenty  m i n u t e s  i n t o  t h e  s e s s i o n ,  t h e  i n s t r u c t o r  krcugkt  

U p  t h e  m a t t e r  o f  c a l c u l a t o r s .  H e  t o l d  s t u d e n ~ s  r h a t  ~ 5 e y  

w o u l d  n e e d  a  b a s i c  s c i e n t i f i c  c a l c u l a t o r ;  o n e  c o s t i n g  a b o u t  

t w e n t y  t o  t w e n t y - f i v e  d o l l a r s .  " G e t  o n e  a n d  u s e  i t ;  ~ 7 . o  v:itk 

a n  a x  o r  yx k e y . "  O f   he t w e n t y  s t u d e n t s  i n  c l a s s  r k l a t  

e v e n i n g ,  I o b s e r v e d  f o u r  u s i n g  c a l c u l a t o r s .  

A t  a b o u t  8 p . m .  t h e  i n s t r u c t o r  s e e m e d  r e a d y  t c  b e q i n  t h e  

c o u r s e .  H e  a s k e d  t h e  s t u d e n t s  t o  p l e a s e  r e a d  a n d  s t x e y  

s e c t i o n  4 a n d  5 a n d  i n  C h a p t e r  i t o  s t u d y ,  r e a l l y  s z u d , ,  1 . 1  

a n d  1 . 2 .  I t  w a s  s u g g e s t e d  t h a t  s t u d e n t s  d o  p r o b l e m s  wh3se  

n u m b e r s  were m u l t i p l e s  o f  f i v e  on p a g e s  3 4  a n d  40; o d d  

- ,. 
n u m b e r e d  p r o b l e m s  were recommended f o r  s e c ~ i o n s  1 . 1  a n e  - . L .  

who h a d  n o t  h a d  a  c h a n c e  t o  see t h e  t e x t  w e r e  a l r e a d b .  

c o n f u s e d .  S e c t i o n s  4 a n d  5 w e r e  i n  a p a r t  o f  - h e  b o o k  c a l l e d  

r ,- R e v i e w  2nd  P r e v i e w .  C h a p t e r  1 a i d  n o t  b e g i n  c r c i l  p a 5 e  -t. 



Some s t u d e n t s  a t  t h i s  p o i n t  a c t u a l l y  r a i s e d  q u e s t i o - s  aboc: 

w h a t  t h e y  were s u p p o s e d  t o  be r e a d i n g .  One s t c d e n t  a s k e d ,  

" A l l  b y  n e x t  T h u r s d a y ? "  O t h e r s  a s k e d  more  q e n e r a l  q u e s r i c ? ~  

- - 
a b o u t  t h e  t y p e  o f  r e v i e w  t h a t  w o u l d  b e  m o s t  e r r e c t i v e .  

I n  t h e  e n s u i n g  d i s c u s s i o n  it became  a p p a r e n t  t h z t  -a?y 

o f  t h e  s t u d e n t s  h a d  n o t  d o n e  a n y  m a t h e m a t i c s  f c r  o v e r  t j r e e  

y e a r s .  The i n s t r u c t o r  was c o n c e r n e d  a b o u t  t h i s  a n 3  c a u z i 3 r e d  

t h e  s t u d e n t s  who h a d  beer away f r o m  m a t h e m a t i c s  t k a t  t h e y  

w o u l d  h a v e  t o  d o  e x t r a  r e v i e w .  The i n s t r u c t c r  s u g g e s t e d  t h a r  

t h e y  a c q u i r e  a  Math 100 t e x t b o o k .  H e  a l s o  as :ced  ~f a r y o 3 e  

was  t a k i n g  c o m p u t e r  s c i e n c e  t h i s  semester.  H e  w a r n e d  a b o 7 ~ t  

how t i m e  c o n s u m i n g  s u c h  c o u r s e s  c o u l d  be.  

A g a i n ,  t h e  i n s t r u c t o r  t r i e d  t o  b r i n g  t h e  c o n v e r s a z i o n  

b a c k  t o  t h e  c o u r s e  m a t e r i a l .  S h o r t l y  a f t e r  8:OC h e  b e g a n  zn 

i n s t r u c t i o n a l  p a t t e r n  w h i c h  h e  m a i n t a i n e d  t h r c u g h o c t  t h e  

c o u r s e .  H e  r e a d  f r o m  p r e v i o u s l y  p r e p a r e d  n o t e s  w h i l e  n e  

c o p i e d  them o n t o  a n  o v e r h e a d ,  o c c a s i o n a l l y  b r e a k i n g  c c  

i n i t i a t e  o r  r e s p o n d  t o  s t u d e n t  i n i t i a t e d  s t u d e n t - i n s t r : . i c Z 2 r  

I n t e r a c t i o n .  

The c o u r s e  m a t e r i a l  b e g a n  w i t h  f i n d i n g  t h e  s l o p e  a 

. , 

l i n e  t a n g e n t  t o  t h e  g r a p h  o f  a  f u n c t i o n .  S h o r t l y  in52 21s 

P r e s e n t a t i o n ,  t h e  i n s t r u c t o r  b r o k e  o f f  f o r  a  b r i e f  r e ~ i e h ~  Cf 

H e  s o l i c i t e d  c h o r a l  r e s p o n s e s  f r o m  t h e  c l a s s e s  

a n d  g o t  some t e n t a t i v e  a n s w e r s .  D u r i n g  t h i s ,  t h e  i n s t r u c c c r  

S a i d ,  "When d o  a  r e v i e w ,  you  w i l l  see .  . . " 



The l e c t u r e  on t h e  " t a n g e n t  a s  t h e  l l m l t  c f  s e c a r z s "  

c o n t l n u e a ,  b u t  w : t h  scme o f  t h e  s t u u e n t s  b e c 3 m : ~ q  

increasingly c o m f o r t a c l e  w l t h  interjecting ZcmDenzs o r  

questions, a l b e l ~  t h e \  seemed  t o  be s t r ~ g g l l n g  ~ - 1 z k  zrAe 

c o n c e p t s  o f  l l m l t s .  Cne s t u d e n t ,  g r a p p l i n g  wlZh t n e  z r c c e s s ,  

s p o k e  hesitantly a b o u t  t h e  l e n g t h  o f  t h e  s e c a n z s  a p p r o a c h ~ r ~  

z e r o .  The  i n s t r u c t o r  moved In w l t h ,  " n o t  l e n ~ t h ,  b c t  s l c s e ;  

r i s e  . "  H e  c o n t i n u e s ,  " I t h i n k  y o u ' l l  a g r e e  :ha t  r u n  

r i s e  x3-l 
mPQ = - - - d . ,I T h e r e  was a  f a i n t  r e s p o n s e  f-;r z i e  r u n  x-1 

c l a s s  t h a t  s u g g e s t e d  t h a t  maybe t h e  w a t e r s  were g e t t i n g  cees 

r a t h e r  q u i c k l y .  I was c o n c e r n e d  b y  t h e  q u i c k  t r a n s i t i o n  f r 2 m  

t h e  g r a p h i c a l  p i c t u r e  t o  wha t  mus t  seem t o  mar.y o f  z h e  

s t u d e n t s  t o  be a  n o t a t i o n a l l y  d e n s e  r e p r e s e n t a c i o n .  

B u t  t h e  i n s t r u c t o r  c o n t i n u e d  w i t h  a  r o s t e r  Of v a l u e s  f 2 r  

~ 3 -  1 
a n d  

+ , w i t h  x t a k i n g  v a l u e s  s u c h  a s  0.95 a n d  1 . 3 1 .  - -  

was a t  t h i s  s t a g e  t h a t  I o b s e r v e d  some s t u d e n t ~  ~ s i n g  t h e i r  

calculator-. I a l s o  n c t e d  t h e  m e t i c u l o u s  n o t e t a k i n a  3f t h e  

s t u d e n t  b e s i d e  me, whc,  I l a t e r  l e a r n e d ,  h a d  e a r n e d  a  s c c r e  

o f  t h r e e  on  = h e  A d v a n c e d  p l a c e m e n t  C a l c u l u s  e x a r n i n z z i o n  ir! 

h i g h  s c h o o l  t h e  p r e v i c u s  y e a r .  

The  i n s t r u c t o r  m a i n t a i n e d ,  w i t h  t h e  C o n c u r r e n c e  o f  t h e  

c l a s s ,  t h a t  h e  h a d  g i v e n  a  c o n v i n c i n g  argument t h a t  t ? ~ e  l i ~ . i t  

Of t h e  s l o p e  i s  t h r e e  a s  x a p p r o a c h e s  o n e .  H e  t h e n  ? : r o t e  



p o i n t - s l o p e  f o r m  o f  t h e  e q u a t i o n  o f  t h e  t a n g e n c  ; i n e  on  zhe  

o v e r h e a d .  

By t h e n  i t  was 8:40 a n d  t h e  i n s t r u c t o r  d e c l a r e d  a k r i e f  

recess. T h e s e  b r e a k s  d u r i n g  t h e  two  h o u r  c l a s s  sessis3s sr 

T u e s d a y s  w e r e  t o  p r o v i d e  some o f  t h e  m o s t  s i g n i f i c a n t  

i n t e r a c t i o n s  i n  t h e  c l a s s .  

On t h i s  f i r s t  n i g h t ,  a  number  o f  s t u d e n t s  came f o r w a r 5  

t o  d i s c u s s  w i t h  t h e  i n s t r u c t o r  how t h e y  f i t  t3e  s y s t e l .  

S e v e r a l  o f  t h e  s t u d e n t s  a l r e a d y  h a d  c a l c ~ l u s  i r  t h e i r  

b a c k g r o u n d .  Some h a d  d o n e  i n t r o d u c t o r y  work i n  hi5;: s c h s s l ;  

a t  l e a s t  o n e  h a d  c o m p l e t e d  a n  Advanced  P l a c e m e r t  c o u r s e .  C?e 

h a d  t a k e n  c a l c u l u s  f i v e  y e a r s  a g o  i n  Dawson C r e e k  a n d  ;qas 

w o n d e r i n g  w h e t h e r  o r  n o t  t o  e n r o l l  i n  Math 1 5 2  t h i s  semester. 

O t h e r s  w e r e  c o n c e r n e d  a b o u t  how l o n g  t h e y  h a d  b e e n  away f r z ~  

a n y  f o r m a l  s t c d y  o f  m a t h e m a t i c s .  T y p i c a l  o f  t h e s e  x a s  a 7Joxsn 

who h a d  g r a d u a t e d  i n  1 9 8 3  a n d  h a d  no  b a c k g r o c n d  i n  

t r i g o n o m e t r y .  The i n s t r u c t o r  t r i e d  t o  a d v i s e  e a c h  ~f t h e  

s t u d e n t s  a s  t h e y  came f o r w a r d .  

The i n s t r u c t o r  c o n v e n e d  c l a s s  a g a i n  jus: b e f o r e  9 p.n. ; 

o b s e r v e d  t h a t  o n e  s r u d e n t ,  a n  e a r n e s t  y o u n g  man i n  a  r h r e e  

P i e c e  s u i t  a n d  w i t h  c a l c u i a t o r ,  h a d  p u r c h a s e d  t h e  ce :< tbo8 : i ,  

S t i l l  i n  s h r i n k w r a p ,  c u r i n g  t h e  b r e a k .  



The lesson continued. "The same result can be obtaired 

algebraically. 

1 im 1 3 lim 
- -  - [rnPQj = - x 2 + x + l = l t l + l -  3 . " x+l x+l x-1 x+l 

Sensing uncertainty about this from the class, the i?s:rxct3r 

. i 
u . 9F!e  digressed for a while about the factoring of a3 - nJ 

student in the front row attempted this factoring, but 

observation of a theme which was later to be named (by the 

students) as the "Just Algebra" theme. It was the a s s ~ ~ e 8  

background, secondary school mathematics, that was delayi2c 

the progress of the class at this point; not the caicuics. 

From here the instructor picked up the pace and w?i-.: 

immediately to the generalization: for any functio~ f ar a 

Point (a, f (a)) the slope of the tangent line is 

1 ,  
lim f (xj - f(a) -1n f (x+kj -f (:>I) 

7 .  - which can be written as h+O x-+a . . a . r - 

. . 
application. ~ o ,  we're running out of time. Let's p2cK :r 

From the students' perspective, the theme for char first 

night was "can I keep up ? " .  One student, speak-nc ts ne 



t h a t  s o r t  c f  t h i n g .  The i n s t r u c t o r  c o n v e y e j  t h e  sepse zha: 

t h e  s t u d e n t s  s h o u l d  be a b l e  t o  d e a l  s u c c e s s f u l l y  w i ~ h  a re:<: 

a n d  g a i n  t k l e  m a t e r i a l  t h a t  t h e y  n e e d  t h r o u g h  r e a d i n q .  I 

w o n d e r e d  i f  t h e  i n s t r u c t o r  was d i s p l a y i n g  a " ~ y  h a n d s  E r e  

t i e d ,  w h a t  c a n  I d o ? "  s y n d r o m e .  The c u r r i c u i u z  i s  c r o x c e 5  arid 

t h e  b a c k q r o u n d s  c f  t h e  s t u d e n t s  a r e  d ive r se .  The 

m u s t  meet t h e  demands  o f  t h e  s y l l a b u s ;  t h e  s y l l a b c s  x:_- n c z  

be b r o u g h t  dowr. t o  s h e  l eve l  o f  t h e  s t u d e n t s .  

T u t o r i a l s  were s c h e d u l e d  f o r  T h u r s d a y s  e a c h  week ;  c7,e 

S e s s i o n  b e f o r e  a n d  o n e  a f t e r  t h e  o n e  h o u r  l e c t u r e  a t  -:2C. 

T h e r e  was n o  t u t o r i a l  t h e  f i r s t  week .  I a r r i v e d  o x t s l d e  3 5  

L e c t u r e  H a l l  1 7 0 0  a t  7:25 a n d  f o u n d  b o t h  t h e  i ~ s t r c c t z r  azB  

s t u d e n t s  w a i t i n g  o u t s i d e .  The room was i n  u s e  a n d  w e  w ? r e  

w a i t i n g  o u r  t u r n .  The f i v e  m i n u t e s  were s p e n t  w l c h  :he 

i n s t r u c t o r  d i s c u s s i n g  p r o b l e m s  w i t h  t h e  s t u d e n t s .  

~t 7 : 3 0  t h e  p r e v i o u s  c l a s s  l e f t  t h e  h a l l  a n d  w e  e n y e r e d .  

The l a y o u t  o f  t h i s  room was  i n  m a r k e d  c o n t r a s t  t o  t h e  T c e s d a y  

e v e n i n g  c l a s s r o o m ,  ~ k i s  was a  t r u e  l e c t u r e  t ? i e a E r e  w: th  

e l e v e n  r o w s  o f  n i n e  s e a t s  e a c h .  The s e a t s  h a d  f l i p u p  " a r r !  

d e s k s w  f o r  t a k i n g  n o t e s .  A t  f r o n t  r h e r e  was a  l e c t e r r ! ,  

P r o j e c t i o n  s c r e e n  a n d  t w o  o v e r h e a d  p r o j e c t o r s .  

T u e s d a y  e v e n i n g  w e  h a d  s a t  i n  a  t h r e e  t i e r  a r n p h i t h e z t r z  

C o m f o r t a b l e  c h a i r s  w i t h  a m p l e  s p a c e  f o r  n o t e t a k i n g ,  

r e f e r e n c i n g  t h e  t e x t b o o k  o r  u s i n g  c a l c u l a t o r s .  3 n  " " c r s d ~ y  

W e  were i n  v e r y  mcch a  s t a n d a r d  l e c t u r e  s i t u a t i o n .  A d  



a l t h o u g h  t h e r e  were Drily t w e n t y  o d d  s t u d e n t s  f z r  near:;; c ? e  

h u n d r e d  s e a t s ,  t h e  amount  o f  s p a c e  a v a i l a b l e  E C  t h e  

i n d i v i d c a l  was s e v e r e l y  c o n s t r a i n e d .  

I f e l t  t h a t  t h e  a t t i t u d e  a n d  b e h a v i o u r  o f  t h e  s t u d e r t s  

w a s  a f f e c t e d  b y  t h e  p h y s i c a l  e n v i r o n m e n t .  T h e r e  was 

c o n s i d e r a b l y  l e s s  i n t e r a c t i o n  b e t w e e n  i n s t r u c t o r  a n d  s t x d e r t s  

d u r i n g  t h e  T h u r s d a y  c l a s s e s  t h a n  on T u e s d a y .  The frc?r: t  r3:~: 

o n  T h u r s d a y s  was l e f t  u n o c c u p i e d .  P o s i t i v e  s t c d e n t  a c t i X r ; + - . -  I 

a s  I o b s e r v e d  i t ,  o c c u r r e d  i n  r o w s  two  a n d  t h r e e .  T?l:se zf 

u s  i n  r o w s  f o u r ,  f i v e  a n d  s i x  w e r e  r e l a t i v e l y  i n a c r i v e .  

N i n e  p r o b l e m s  f r o m  t h e  t e x t b o o k  were a s s l g n e ~  L O  be 

h a n d e d  i n  d u r i n g  t u t o r i a l  s e s s i o n s  n e x t  w e e k .  The i n s z r u c t 3 r  

q u i c k l y  r e c a p i t u l a t e d  T u e s d a y ' s  l e s s o n  a n d  t h e n  2- z c  

t h e  c o n c e p t  o f  i n s t a n t a n e o u s  v e l o c i t y .  T h r o u g h o u t  t n e r e  712s 

f r e q u e n t  r e f e r e n c e  t o  a n  a s s u m e d  s t u d e n t  b a c k g r o u n d  iz 

p h y s i c s .  The i n s t r u c t o r  d r e w  w l t h  g r e a t  d e l i b e r a t e n e s s  t5e  

P a r a l l e l s  b e t w e e n  t h e  s l o p e  o f  s e c a n t s / s l o p e  o f  t a n g e n t s  

r e l a t i o n s h i p  a n d  t h a t  o f  t h e  a v e r a g e  velocities/ins~anranecus 

v e l o c i t i e s .  

T h e r e  was some s t u d e n t / i n s t r u c t o r  i n t e r a ~ t i c ? ?  3 u r i ~ ~ g  :.he 

l e c t u r e ,  A s t u d e n t  in t h e  s e c o n d  row c a u g h t  Lhe i - s ~ r ~ ; c z z r  

i n  a n  e r r o r .  The i n s t r u c t o r  c o n c u r r e d  w i ~ h  h e r  z o r r e c z i s r , .  

But a l s o ,  some p o s s i b l e  i n t e r a c t i o r ~ s  d i d  n o t  h a p p e c .  A 

r a i s e d  h a n d  b y  a  s t u d e n t  i n  t h e  t h i r d  row w e n t  u n n o t i c e d  by 

t h e  i n s t r u c t o r .  



When t h e  l i m i t  c f  q u o t i e n t s  d e f i n i t i o n  cf i n s ~ a ~ t a r . e ~ ~ s  

v e l o c i t y  was g i v e n ,  one  s t u d e n t  i n t e r j e c t e d  c h a t  t h e  te: : tbc3k 

made u s e  o f  n e g a t i v e  t i m e s .  The i n s t r u c t o r  r e s p o n d e d  z h a r  

t h i s  had  s o m e t h i n g  t c  do  w i t h  t h e  t e c h n i c a l i t y  o f  one- side^ 

l i m i t s  a n d  h e  p r e f e r r e d  n o t  t o  g e t  i n t o  it a: t h i s  t i n e .  

The l e c t u r e  c o n t i n u e d  a l t h o u g h  t h e  s t u d e n t ' s  body 

l a n g u a g e  i n d i c a t e d  t h a t  s h e  s t i l l  had c o n c e r n s .  I :.oted ~z 

m y s e l f  t h i s  i n s t a n c e  c f  a  s t u d e n t  who h a d  r e a d  t h e  t e x E  p r i o r  

t o  t h e  l e c t u r e ,  h a d  t h o u g h t  a b o u t  t h e  m a t e r i a l  and  was 

a c t i v e l y  w r e s t l i n g  w i t h  c o n c e p t s  d u r i n g  c l a s s .  b d t  I a l s e  

n o t e d  t h a t  many o f  ny c l a s s m a t e s  were c o p y i n g  t h e i r  k e a r t s  

Out and  t h a t  a t  l e a s t  two t e x t b o o k s  were  o p e r  s o  t h z i ~  : k e y  

C o u l d  f o l l o w  t h e  l e c t u r e .  

S i n c e  t h e  n e x t  example  i n  t h e  l e c t u r e  came d i r e c t l y  f r z ' r ,  

t h e  t e x t b o o k ,  t h e  open books  d i d  n o t  seem t o  b e  s c c h  a  bad  

s t r a t e g y .  The example  r e q u i r e d  f i n d i n g  t h e  v e l o c i t y  o f  a  

P a r t i c l e  a t  s p e c i f i e d  times g i v e n  t h e  p o s i t i o n - t i x e  

f u n c t i o n .  The f u n c t i o n  was a  d e g r e e  t h r e e  p o l y n o m i a l  a25 z h e  

l i m  f ( a + h )  - f  ( a )  -. 
v e l o c i t i e s  were  c a l c u l a t e d  u s i n g  h + ~  ne 

2 



briefly reviewed it and continued the example with ~ n e  phrase 

"all we have to do nov.7 is simplify chis expression and rhzr's 

where some elementary algebra comes in." Alsc, the i n s z r ~ c t - r  

shifted smoothly from calculating the limits for specific 

values of a to calculating the limit using a as a variaC1~. 

After evaluating the limit the insEructor finally iderzlfied 

it as the derivative cf =he position function. 

. . 
A girl in the third row who had graduated fron n ~ g k  

School the previcus spring was obviously concerned b y  what 

she perceived to be a tortuous and circuitous rouie to the 

solution. "Why not just use the derivative rules that ~e 

learned last year?" 

The instructor replied that, yes, there were s33e quick 

formulas for finding derivatives, but that we were n2t a r  

that point yet. " ~ u t  I can guarantee you that oE the firs- 

midterm and final examination you will have to find thep ??.is 

way. 

The student who had raised the questions a b o u ~  negT2tiv2 

1 im 
time asked what had happened to the h,O notation i: ~ ? e  

final answer. When the instructor replied that it was ne 

longer necessary after the limit had been evaluated, she 

commented, "~ssentially we have let h=O." The lnstrcct3r 

replied, llWe haven't let h=O, we have found the limit." The 

Student was referred back to the table of values fron the 

Previous lecture. 



I n  t h e  l a s t  few r n i n u t e s  o f  t h e  l e c t u r e ,  t h e  i n s ~ r c c t c r  

i n t r o d u c e d  t h e  c o n c e p z  o f  a  l i m i t  o f  a  f u n c t i ~ ~ .  The 

i m p o r t a n c e  o f  l i m i t s  i n  t h e  work a l r e a d y  d o n e  b-as p o i n z e d  c u t  

a s  was  t h e i r  c e n t r a l  r o l e  i n  t h e  f u r t h e r  d e v e l o p m e n t  o f  h z t h  

b r a n c h e s  o f  c a l c u l u s .  " ~ t  i s  i m p o r t a n t  t o  u n d e r s t a n d  l i r i t s  

a n d  t o  b e  a b l e  t o  e v a i u a t e  t h e m . "  

The i n s t r u c t o r  d e f i n e d  L a s  t h e  l i m i t  cf a  f u r n t ' - -  . L L _ Y ~ .  _ ; 
- , .  

a s  x a p p r o a c h e s  a i f  f (x) g e t s  a s  c l o s e  t o  I, a s  w e  ILK;. C y  

t a k i n g  x c l o s e  e n o u g h  t o  a . With  d i a g r a m s  t h e  i n s c r u c t ~ r  

S o u g h t  t o  c l a r i f y  t h i s  d e f i n i t i o n .  H e  q u a l i f i e d  : h i s  x c r k  ay 

S t a t i n g ,  " T h i s  i s  k i n d  o f  a  b i g  m o u t h f u l .  Ever! t h c u q h  t h a c ' s  

s t i l l  a  n a i v e  d e f i c i t i o n ,  w e  s h o u l d  l o o k  a t  some g r a p h s  h 2 r e  

t o  see w h a t ' s  g o i n g  o n .  I t  i s  e a s y  t o  i n t e r p r e t  ,he  l i m i t  zf 

a f u n c t i o n  g e o m e t r i c a l l y . "  

A t  t h i s  p o i n t . ,  t h e  i n s t r u c t o r  o b s e r v e d  t h a t  t h e  c l a s s  

h a d  o f f i c i a l l y  e n d e d .  H e  j o k e d  w i t h  t h e  s t u d e n t s  a b o u t  

C o n t i n u i n g ,  "1 t o l d  y o u  it would  be e x c i t i n g " ,  b c t  e l e c t e Q  z o  

e n d  t h e  l e s s o n  t h e r e .  

The i n s t r u c t o r  t h e n  a s k e d  m e  i f  I w a n t e d  t o  i ~ c r o d u c e  

T .  m y s e l f  a n d  t h e  r e s e a r c h  p r o j e c t  t o  t h e  c l a s s .  - i d e ? " l f i ~ ~  

m y s e l f  a s  a h i g h  s c h o o l  t e a c h e r  a n d  g r a d u a t e  s t u d e r ~ t ,  

o u t l i n e d  my p r o j e c t  a n d  h a n d e d  o u t  t h e  i n f o r m e d  c o n s e n z  f a r ~ , s  

( A p p e n d i x  R). I d i d  t h i s  w i t h  a  f a i r  amount  o f  a p p r e h e n s i z r . .  

I h a d  n o  s e n s e  o f  what  t h e  g e n e r a l  r e a c t i o n  w o c l d  b e ,  

a l t h o u g h  I f e l t  it was f a i r l y  p o s i t i v e  a f t e r  I h a d  s p o k e n .  



g i v e n  t o  m e  w c u i d  n o t  c o n e  S a c k  t o  h im.  

A s  t h e  s t u d e n t s  l e f t ,  o n e  a s k e d  i f  t h e r e  x o u l d  be 2 

t u t o r i a l  t h a t -  e v e n i n g  a n d  when t h e  a s s i g n m e n t  x a s  S u e .  "; - IIC 

, 7  

i n s t r u c t o r  r e p l i e d  t h a t  t h e r e  w o u l d  b e  n o  t c t o r i a l s  snt;- 

n e x t  T h u r s d a y ,  w h i c h  was t h e  d u e  d a t e  f o r  t h e  a s s i g n m e n t s .  I 

was  m i l d l y  surprised when h e  s a i d  t h a t  h e  d i d  n o t  y e t  kr3-g; 

t h e  name o f  h i s  t e a c h i n g  a s s i s t a p t .  T h i s  f o r e s h a d c - d e d  a p  

O n g o i n g  c o n c e r n  I h a d  a b o u t  t h e  e f f i c a c y  o f  t h e  L a t o r i a l  

S y s t e m  i n  t h e  c o n t e x t  o f  t h i s  c o u r s e .  

>,. G S The t w o  h o u r - c l a s s  s e s s i o n  on T u e s d a y ,  S e p t e n b e r  10 -.- 

n o t a b l e  i n  t h a t  I m e t  w i t h  s t u d e n t s  b e f o r e  t h e  l e c t ~ r e  a n d  

h a d  some s i g n e d  c o n s e n t  f o r m s  r e t u r n e d .  A l s c ,  3 n e  o f  z h e  

S t u d e n t s  e n g a g e d  m e  i n  a n  a n i m a t e d  d i s c u s s i o ~  a b o u t  s n e  cf 

t h e  a s s i g n e d  p r o b l e m s .  

I n  l e c t u r e  t h e  g e o m e t r i c  d e v e l o p m e n t  o f  t h e  l i m l t  

c o n c e p t  was  c o n t i n u e d  f r o m  l a s t  T h u r s d a y .  Numerous d i a g r a m s  

were drawn o n  t h e  o v e r h e a d  a n d  mos t  o f  t h e  t w e n t y  s t c j e n t s  

were e n g a g e d  i n  i n t e n s i v e  n o t e t a k i n g .  L i t t l e  s c u d e n r -  

i n s t r u c t o r  i n t e r a c t i o r ,  o c c u r r e d  d u r i n g  t h e  f i r s t  p a r t  ?f 

l e c t u r e ,  a l t h o u g h  a  s i g n i f i c a n t  p a r t  o f  t h e  l e c z u r e  x a s  

d e l i v e r e d  i n  a  " q u e s t i o n  p o s e d - q u e s t i o n  a n s w e r e d "  s r ~ l e .  Tk? 

i n s t r u c t o r  a n s w e r e d  t h e  q u e s t i o n s  h e  was a s k i n g .  





, . i n s t r u c t o r ,  a f t e r  e s t a b l i s h i n g  w i t h  t h e  c l a s s  c h a t   he ilr,:: 

d i d  n o t  e > : i s t ,  i n t r o d u c e d  t h e  symbol  3 .  T h i s  p r o m p t e d  ~ h ?  

f i r s t  u n s o l i c i t e d  s t u d e n t  r e s p o n s e  o f  t h e  e v e n i n g ,  "" ,ar! w e  

w r i t e  D.N.E. ? "  

A g a i n  I n o t e d  t h a t  t h e  l a y o u t  o f  t h e  room s e e m e d  zc have 

a d i r e c t  i m p a c t  on t h e  a c t i v i t y  o f  t h e  s t u d e n t s .  The 

c o n t i n u o u s  d e s k s  a l l o w e d  b o t h  o p e n  t e x t b o o k s  a n d  n o t e t a k i r c .  

The  s t u d e n t s  i n  t h e  f i r s t  two r o w s ,  a l t h o u g h  n c ' t  r h a z  -.LC? 

C l o s e r  t o  t h e  i n s t r u c t o r  t h a n  i n  t h e  l e c t u r e  h a l l ,  r e s p c n d e d  

t o  a  p e r c e i v e d  p r o x i m i t y .  C e r t a i n l y ,  t h e r e  was  Ir,cre 

i n s t r u c t o r - s t u d e n t  i n t e r a c t i o n  t h a n  I h a d  o b s e r v e d  oc 

T h u r s d a y  ( a f t e r  t h e  f i r s t  h a l f  h o u r  o f  n o t e t a k i n g ,  t h a z  i s ) .  

A f t e r  c o m p l e t i n g  t h i s  f i r s t  e x a m p l e ,  t h e  instructor :,.,?ent 

1 1 1 1 1  

on  t o  a  secor!d  e x a m p l e  f r o m  t h e  t e x t :  x + ~  ( 1 4 x ) x  . 3 u r i n q  

o b s e r v e r  r o l e  t o  i n t e r v e n i n g  p a r t i c i p a n t  b y  s h o w i n g  the  

t e a c h i n g  a s s i s t a n t  ( a t t e n d i n g  t h e  l e c t u r e  a n d  s i t t i f i g  ?.e?:t 

S t u d e n t s '  c a p a b i l i t i e s .  



What the instructor did do was to borrow a calc~latcr 

from a student (he had misplaced his) and after sore 

adjusting co the device's idiosyncrasies (a source 2f share2 

amusement in the class) proceeded to determine  he l i r l t  5 y  

what he termed "brute force". While using available 

calculating power, the instructor cautioned aqainst :he 

unsceptical use of the brute force method and at the sane 

time foreshadowed the role that this limit wosid have 12 

exponential and logarithmic functions. The re'orrner In ne 

found himself much heartened by this direct use alld advocscy 

of technology in the calculus classroom, albeit ac a very 

primitive level. 

A brief preamble to the next section, properties cf 

limits, preceded a ten minute recess. The i-s~ructsr s p c ~ e  2 5  

moving from a naive ccncept of limits to a definition zkAa= 

Cculd be used mathematically. The instructor began xit% 

"Using the E / &  definition of a limit from section 1 . < ,  ihe 

eleven properties on pages 70 and 71 can be proved as 

theorems. NOW, we're not going to prove them. The S02k proT;3s 

One of them; a few more are done in the appendix here. B c t ,  

I'm not going to look at the proofs of these things here. At 

this point of the game, I just want you to become faziliar 

with the results, so you can use them in any .SiZuatio~. that 

might require them."  his situation further added to the 



confusion I felt about wnat the role of proof was in ';' L..-s 

course. 

These properties, in the context of this caxrse, w e r ?  

to be used in algebraic manipulations allowing :he evalcazl2- 

of limits. The instructor spoke about how the "breaking cz 3f 

a complex probler, in simpler problems" is a process 

frequently followed in mathematics and the linit properziec 

allowed us to reduce a complex limit ex?ressisr into 2 rxrnter 

of simpler limits which cculd be evaluated. I caTae to 

identify asides such as this as "meta-comments" zh2L s p a k ~  

more about the nature of doing mathematics thaz relacing 

directly to the course material. 

During the ten minute recess there was a f l ~ r r y  of 

conversation among the students, primarily cn eke assi:ne5 

problems. The instructor remained and answered sruden:. 

questions, although few had to do with mathematics per se. In 

particular, one student noted a discrepancy betweer, xka: ic2s 

Covered in class and the sections assigned for rea3i-2. T?.? 

reading assignments 2nd some of the problems were ii? sar,e 

instances ahead of the lectures. Another Sit~aLior! dezlc - .- '+ '-  . . -  -,. 

the difficulties facipg a student who had acquired a first 

edition of the text. yet another student was cc--erne3 tkaz 

She might miss the last available bus if the lecture xe?t a s  

late as 9 ~ 3 0 .  One student spoke about a velocity proble~,. 

Several of the students who could not get the 2ttenti,3r :f 



t h e  i n s t r u c t o r  e l ec ted  t o  t a l k  w i t h  t h e  t e a c h i n g  a s s l s z a n r .  

I t  s t r u c k  m e  t h a t  f o r  many s t u d e n t s  t h i s  t e n  m l n u t e s  :1~ht Se 

t h e  p a r t  o f  t h e  e v e n i n g  w h e r e  t h e i r  i n v o l v e m e n ,  i s  g r e a z e s t .  

A f t e r  t h e  b r e a k ,  t h e  i n s t r u c t o r  o f f e r e d  a  n a i v e  

d e f i n i t i o n  o f  c o n t i n u i t y  o f  a  f u n c t i o n  a t  a  p o l n t .  Th? 

LII-s c o n t i n u o u s  a t  a . I w a s  bemused  b y  t h e  c l r c u l a r ~ t y  sf + - -  

a p p r o a c h ,  w h i l e  2~ t h e  same t i m e  g r a n t i n g  t h e  i s e f u ; n e s s  3 5  

t h e  i d e a ,  " l f  f 1s c o ~ t i n u o u s  a t  a , l e t  x = a a n d  e v a l c a r o  

l i m  
f (a) t o  e v a l u a t e  ria f (x) " .  A s  t h e  l n s t r u c t z r  t r l e d  t o  ps 

on  t o  t h e  l i m i t  p r o p e r t i e s ,  o n e  s t u d e n t  q u e s t i c n e d   hi^, a b o 7 ~ t  

C o n t i n u i t y .  The i n s t r u c t o r  r e s p o n d e d  by t a l k i n g  abou: 

c l a s s e s  o f  f a m i l i a r  c o n t i n u o u s  f u n c t i o n s  a n d  g i v i n q  e x a n p i e s  

o f  d i s c o n t i n c o u s  f u n c t i o n s .  The l a n g u a g e  u s e d  f o r  

d i s c o n t i n u i t i e s  i n v o l v e d  " h o l e s "  a n d  " r i p s " .  A s  t h e  

d i g r e s s i o n  p r o g r e s s e d  a n d  t h e  i n s t r u c t o r  m e a s u r e d  t k e  

c o n f i d e n c e  o f  s t u d e n t  r e s p o n s e ,  h e  commented,  "How a b o x t  

c o t a n g e n t ?  Y O U  g u y s  a r e  r u n n i n g  t h r o u g h  y o u r  m i n d s ,  " ' I  

b e t t e r  l o o k  up t h e s e  t r i g  f u n c t i o n s ,  t h e s e  g r a p h s . '  Not  a  S a d  

i d e a . "  The c l a s s  r e s p c n d e d  g o o d  n a t u r e d l y  w i t h  l a u g h t e r .  

T h e r e  was  a n  e a s i n e s s  i n  t h e  c l a s s  a t  t h i s  p c i n t .  

R e t u r n i n g  f i n a l l y  t o  t h e  a l g e b r a i c  m a n i p u l a t i o n  of 

l i m i t s ,  t h e  i n s t r u c t o r  i d e n t i f i e d  t h i s  s t r a t e g y  f o r  

e v a l u a t i n g  l i m i t s  a s ,  " T h i s  i s  t h e  way you w o u l d  u s u a l l y  w c r k  



it out. You would evaiuate the limit by algebraically 

simplifying the function. " 

The use of hand calculators in evaluating llrLlts, t n e  

- - 
"brute force" netnod, was relegated to the strategy or -as: 

resort. 

4w+3w2 
lim 9-, serve6 2s 2 An example from the texr, w.+-2 



red o u t l i n e  b o r d e r s ) .  H e  s p o k e  a g a i n  o f  t h e  a ~ b i g u i t y  

i n h e r e n t  i n  t h e  s i t u a t i o n  o f  a c c e p t i n g  t h e  t r u t h  o f  t h e s e  

- .  
p r o p e r t i e s  w i t h o u t  p r c o f ,  s u g g e s t i n g  t h a t  t h e  sc:dexzs  ~ 2 2 ~ 2  

p r o v e  t h e m  when t h e y  c o v e r e d  t h e  n e s t  s e c t i o n ,  o r  w o c l d  ?rc-"le 

t h e m  i f  t h e y  t o o k  a  c c u r s e  i n  a n a l y s i s .  W h i l e  r e a d i n g  r h e  

a d  p r o p e r t i e s  f rom t h e  t e x t ,  t h e  i n s t r u c t o r  c a r e f c l l y  i c e r t l  f i-, 

t h e  h y p o t h e s e s  a n d  c o n d i t i o n s  u n d e r  w h i c h  t h e y  h e l d ,  5:: 

a c t u a l  e x a m p l e s  w e r e  n o t  o f f e r e d .  The c l a s s  was  a s k e d  t2 

" t r a n s l a t e "  t h e  f o u r t h  l i s t e d  p r o p e r t y  i n t c  " E n g l i s h " ,  k.dE by 

t h i s  t i m e  t h e r e  was  l i t t l e  e n e r g y  l e f t  a c d  nc r e s ? o n s e  v;as 

f o r t h c o m i n g .  When t h e  p r o p e r t i e s  w e r e  u s e d  t o  work t h r z x q k  

t h e  p r e v i o u s  e x a m p l e ,  s t u d e n t  i n t e r e s t  a n d  r e s p o n s e  

s t r e n g t h e n e d .  

A n o t h e r  e x a m p l e  f r o m  t h e  t e x t  was u s e d :  

l i m  x 2 2 s  
x+-2 (x+2) + (>:+2) T h i s  s t r u c k  m e  a n  e x c e l l e n z  



algebraically combined into a function with a limit at that 

point. The instructor carefully, but too quickly, broxghc 

these aspects of the solution to the class' attentic-. 

Just after rushing through this exampie the inszr.rLnv L I-v- 

said, "Gosh, I don't know. I sure seem to go slow . . .  3c I seem 

to be going too slow or too fast for you?" The st3~dents 

replied that he was gcing too fast; the instruc~or s z a z e ~  

that he was going too slow to get through the zssigne5 

material. Confirmi~g the class' opinion on the pace, a 

student interjec~ed a question about the previous, 

"completed" example. 

Parenthetically, before beginning another example, the 

instructor told the class to ignore the assigned rezding ac6 

questions in section 1.4. Section 1.4 deait with the precise 

definition of limits cpon which the proofs of the prgpertics 

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 pointed zzz I: 

was actually number 41. The instructor had found himself 

caught in a small way by the shift from a firsz to a seccnc 

the numerator and de~ominator by the conlugzte of t h e  

denominator, "a technique that usually works in this 

situation." The use of a calculator to determine the limit 

Was again listed only as a last resort. Furthermore, zke 



i n s t r u c t o r  p r o m i s e d  t h a t  t h e  l i m i c  e v a l u a t i o -  q u e s t l o r s  O K  

t h e  t e s t s  a n d  e x a m i n a t i o n s  w o c l d  b e  s u c h  t h a t  z h e  s t u d e ~ z  

w o u l d  h a v e  t o  u s e  a l g e b r a i c  m a n i p u l a t i o n s  t o  e v a l u a t e  z h e r , .  

The  t e n s i o n  betweer s t u d e n t  u n d e r s t a n d i n g  o f  c n d e r l y i n ' y  

c o n c e p t s  a n d  s t u d e n t  a b i l i t y  t o  p e r f o r m  m e c h a n i c a l  

- * - -  m a n i p u l a t i o n s  was v e r y  a p p a r e n t  i n  t h i s  e x a m p l e .  "+aye xsc 

s o  l i t t l e  t i m e  t o  c o v e r  t h e  m a t e r i a l  i n  t h e  c > u r s e ,  ),er fke 

i n s t r u c t o r  was  o b l i g a t e d  t o  work c a r e f u l l y  t h r o u g h  c h i s  

r a t h e r  l i m i t e d  p i e c e  cf a l g e b r a .  H e  t a u g h t  i z  %ell, 5 c ~  z c  

w h a t  p u r p o s e ,  I w o n d e r e d .  

A t  9:20 t h e  i n s t r u c t o r  a s s i g n e d  t h e  s tarernen:  o f  z h r e e  

t h e o r e m s  f o r  s t u d e n t  r e a d i n g .  H e  d i s c u s s e d  e a c h  b r i e f l y  a n s  

c o n c l u d e d  t h e  l e c t u r e  a l m o s t  a s  i f  h e  were t a l k i n g  t o  

h i m s e l f ,  " ~ ' m  g o i n g  t o  a s s u m e  t h a t  I ' m  f i n i s h e d  now. 3iq 

d e a l ;  1 . 3 .  I ' V ~  s t i l l  g o t  1 . 4  a n d  I ' m  g e t t i n g  f u r t h e r  b e h i c d  

e v e r y  n i g h t .  W e ' l l  j u s t  h a v e  t o  c o p e . "  

The  c l a s s  b r o k e  up i n t o  l i t t l e  g r o u p s  a n d ,  a s  u s u a l ,  

s e v e r a l  s t u d e n t s  appr-ached t h e  i n s t r u c t o r  w i ~ h  q ' ~ e S ~ i 2 2 s .  

S t u d e n t s  a l s o  s p o k e  w i t h  m e  a b o u t  p r o b l e m s  f o r  some ti!?,€ 

a f t e r  t h e  c l a s s  e n d e d .  One s t u d e n t  h a d  g r a d u a t e d  fr3x hi;?. 

S c h o o l  l a s t  s p r i n g  a n d  h a d  b e e n  t a u g h t  b y  a  t e a c h e r  I I32d 

known f a i r l y  w e l l  a  number  o f  y e a r s  a g o .  This s t d i e n ~  

q u i c k l y  a d o p t e d  me 2s a  t u t o r .  I n  e x c h a n g e ,  s h e  s p o k s  K ~ L ) .  

m e  i n  d e t a i l  a b o u t  h e r  e x p e r i e n c e s  h e r e  a n d  i n  h i g h  X h c O l .  



T h i s  w a s  my f i r s t  o p p o r t u n i t y  t o  e s t a b l i s h  a  p e r s o n a ;  z c n y a z z  

w i t h  my c l a s s m a t e s  i r  t h i s  f i e l d  w c r k .  

The  f i r s t  t u t o r i a l  s e s s i o n  was h e l d  a t  6:30 on T 'hurs5zy ,  

S e p t e m b e r  1 2 .  The t e a c h i n g  a s s i s t a n t  ( h e r e a f t e r  r e f e r r e d  '- - a 

a s  t h e  T A )  was  a  g r a c i c a t e  s t u d e n t  j u s t  b e g i n n i z g  a  M.Sz. 

p r o g r a m  i n  m a t h e m a t i c s .  H e  h a d  b e e n  a s s i g n e d  t o  t h i s  z z s r s ?  

b y  t h e  D e p a r t m e n t  o f  M a t h e m a t i c s  a n d  S t a t i s t i c s .  

S e v e n t e e n  s t u d e n t s  ( i n c l u d i n g  m y s e l f )  a t ~ e n d e d  c h i s  

s e s s i o n .  I t  was  h e l d  i n  a  room w i t h  t a b l e s  a r r a n g e d  17 2 

r e c t a n g l e .  Two d o o r s  w e r e  on  a w a l i  o p p o s i t e  a : " a i l  

c o n s i s t i n g  p r i m a r i l y  c f  f u l l  l e n g t h  windows o v e r l o o k i n ?  

L.le downtown V a n c o u v e r .  C h a l k b o a r d s  c o v e r e d  t h e  %all a: + "  

f r o n t  o f  t h e  room ( p l a c i n g  t h e  d o o r s  n e a r  t h e  f r o n t  an5 

b a c k )  . The f i r s t  s e t s  o f  a s s i g n e d  p r o b l e m s  were p a s s e d  f r ~ x ,  

s t u d e n t  t o  s t u d e n t  t o  t h e  TA, who was  a t  t h e  f r o r t  o f  -he  

room.  

A f t e r  t h e  p r o b l e p ,  s e t s  h a d  b e e n  c o l l e c t e d ,  t h e  TA 

S o l i c i t e d  q u e s t i o n s  f r o m  t h e  s t u d e n t s .  I t  became clear t 5 z z  

h e  h a d  n o t  h a d  a n  o p p o r t u n i t y  t o  review t h e  m a t e r i a l  32 wkizh 

t h e  s t u d e n t s  w e r e  b a s i n g  t h e i r  q u e s t i o n s .  Nor d i d  h e  s e e n  L O  

L L L A s  q r 3 . d ~ .  h a v e  a s e n s e  o f  t h e  m a t h e m a t i c a l  m a t u r i t y  o f  +h' 

S t u d e n t  f r u s t r a t i o n  w i t h  t h e  s i t u a t i o n  became e v i d e n t  ~r 

s e v e r a l  o c c a s i o n s .  ccmments  w e r e  made a b o u t  t h e  t e x t  n o t  

b e i n g  w o r t h  much,  t h e  e x c e s s i v e  number o f  u n a n s w e r e d  



q u e s t i o n s  a  s t u d e n t  h z d ,  a n d  t h e  c r u e l c y  o f  t h e  c h c i c e  sf 

some o f  t h e  p r o b l e m s  a s s i g n e d .  

T h r o u g h o u t  t h e  h c u r ,  mos t  o f  t h e  q u e s t i o r . ~  were a s k e 5  by  

j u s t  t h r e e  s t u d e n t s .  Two s t u d e n t s  s i t t i n g  i r  o n e  c'3rrer 

s e e m e d  t o  b e  w o r k i n g  c o l l a b o r a c i v e l y  w i t h  e a c h  o t h e r  c?d 

a n o t h e r  s t u d e n t  d i d  b r i n g  t o  t h e  c l a s s '  a t t e r . t i 0 3  t h e  

e x i s t e n c e  o f  a  Rev iew o f  A l g e b r a  a s  ar! appendi::  i n  c:?e te:-:z . 

I f o u n d  m y s e l f  i n  a q u a n d a r y .  I h a d  b e e n  a  t e a c h i n g  

a s s i s t a n t  some f i f t e e n  y e a r s  e a r l i e r ,  s o  t h a t  Z h a d  q ~ i t e  a  

b i t  o f  s y m p a t h y  f o r  t h e  s i t u a t i o n  i n  w h i c h  t h i s  TI; f ~ . - * ~  -- ,LA 

h i m s e l f .  On t h e  o t h e r  h a n d ,  I f e l t  t h a t  I h a d  a n s : d e r s  f 2 r  

t h e  q u e s t i o n s  t h e  s t u d e n t s  were a s k i n q  a n d  I was s t r o n g l y  

t e m p t e d  t o  t a k e  c o n t r o l  o f  t h i s  s e s s i o n  a n d  " d c  r h e  j o b  

b e t t e r " .  B e c a u s e  I s t i l l  h a d  g r a v e  c o n c e r n s  a b o u t  tP-e r c l e  

o f  t h e  r e s e a r c h e r  i n  a  s t u d y  s u c h  a s  t h i s ,  I t r i e d  t c  

r e s t r a i n  m y s e l f .  S h a r p  g l a n c e s  f rom Some Of Eke ~ t u d e l ~ . t S  

i n d i c a t e d  t h a t  1 was s t e p p i n g  t o c  f a r  o u t  o f  t h e  p a r t i ~ l p a r : .  

o b s e r v e r  r o l e  i n  my d e s i r e  t o  h e l p  my c l a s s m a t e s .  

The s e s s i o n  e n d e d  a b o u t  t e n  m i n u t e s  b e f o r e  t h e  b e g < n 2 i n g  

O f  t h e  l e c t u r e .  I a n d  s e v e r a l  o t h e r s  c a r r i e d  a  c e r c a i n  se?se 

o f  f r u s t r a t i o n  i n t o  t h e  l e c t u r e  h a l l .  A d d i n g  my ar :x : ie ty ,  1 

e n c o u n t e r e d  a  s t u d e n t  who h a d  a t t e n d e d  t h e  s c h c o l  w h e r e  I 

t a u g h t .  W e  h a d  a  d i s c u s s i o n  a b o u t  why 1 was i r .  t h i s  C o u r s e  

and w h a t  h e  was c u r r e n t l y  d o i n g .  Due t o  Our c O n V e r S a t i ~ n ,  :de 

b o t h  e n t e r e d  t h e  l e c t u r e  h a l l  a f t e r  t h e  c l a s s  h a d  b e g u n .  



. . ,  
The l e c t u r e  c a p e s  i n d i c a t e  t h a t  t h e  i n s t r u c t o r  naa ce2: 

b u s y  c l a r i f y i n g  t h e  a s s i g n m e n t s  w i t h  a  number  o f  s t x d e n r s .  

C u r i o u s l y ,  t h e  i n s t r u c t o r  a l s o  a c t e d  a s  a  d e p a r c r n e n z s l  

m e s s e n g e r  b y  f o r w a r d i n g  m e s s a g e s  t o  t h r e e  s t u d e n t s .  

The c l a s s  b e g a p  ~ i t h  t h e  i n s t r u c t o r  a s s i ~ c i n g  s e c r i s - s  

t o  b e  r e a d ,  o d d  numbered  p r o b l e m s  t o  b e  d o n e ,  a n d  t h e  s e c s r , 3  

p r o b l e m  s e t .  A s t u d e r t  a s k e d  i f  i t  was p o s s i b l e  E C  h 2 ~ e  

c o p i e s  o f  t h e  t e x t b o o k  p l a c e d  on r e s e r v e  i n  = h e  libraries. 

A l r e a d y ,  t h e  u n i v e r s i t y  b o o k s t o r e s  h a d  r u n  o c t  o f  cc? i ss .  A 

d i s c u s s i o n  a b o u t  t h e  a v a i l a b i l i t y  o f  t h e  t e x t s  i i .  t h e  l i b r a r y  

e n s u e d .  

T h i s  s o r t  c f  a c t i v i t y  r a i s e d  t h e  r e c u r r i r q  q a e s t i o r :  ef 

t h e  e f f i c i e n t  u s e  o f  t i m e .  U n d o u b t e d l y ,  t h e s e  w e r e  r e a l  

p r o b l e m s  f a c e d  b y  t h e  s t u d e n t s  a n d  t h e  i n s t r u c t o r  showed  h i s  

c a r e  f o r  t h e  s t u d e n t s  by a d d r e s s i n g  t h e m .  On t h e  3 t h e r  h a ~ , S ,  

t i m e  was a t  a  p remium i n  t h i s  c o u r s e  a n d  I w o n d e r e d  i f  t h i s  

was  t h e  b e s t  u s e  o f  c l a s s  t i m e .  ( I  was h o n e s t  e n o u g h  ~s 

r e a l i z e  t h a t  a  g r e a t  d e a l  o f  t h e  t i m e  i n  t h e  c l a s s e s  I t a s ~ ~ t  

was  a l s o  t a k e n  up  b y  s i m l l a r  a c t i v i t i e s . )  

The i n s t r u c t o r  t o l d  u s  t h a t  h e  was g o i n g  L O  c o v e r  some 

o f  t h e  c o n t e n t  i n  s e c t i o n s  1.4 a n d  1 . 5  t o n i g h t  a d  t k a t  i t  

w o u l d  b e  u p  t o  u s  t o  u s e  t h e  t e x t  t o  p i c k  u p  a r y  e x t r a  

m a t e r i a l .  "Make s u r e  you d o  p r o b l e m s .  T h a t ' s  t h e  k e y , " ,  h e  

a d m o n i s h e d .  I was p u z z l e d  t h a t  h e  c h o s e  t o  c o v e r  SeCZic?  1 . 4  

a f t e r  t e l l i n g  u s  on  T c e s d a y  t h a t  w e  were n o t  g o i n g  ts. 



Section 1.4 covered material that was critical in 

defining some of the r,ajor concerns I had abouc che zzxrs~. 
, , 

It involved the mather,atically rigourous E / 6  definlc::~. zf 

the limit of a funccicn and was contrasted wltk che "nalve" 

geometrical concept that had been dealt with earlier. "he 

degree of studert acceptance of the precise defini~io~. 

provided a strcng index of the distance Secween the i z z e n d e d  

curriculum and the achieved curriculum in the "i~tended- 

implemented-achieved" curriculum sequepce. 

The instructor carefully built the definitiun Sy 

reviewing with the class the diagram used previously t3 

, .  . 
illustrate a point discontinuity. Although I W a s  f2K;-:ar 

with the definition of a limit of a function ar.2 I .,:as 

impressed with the instructor's presentation sf the ~ c s i c ,  I 

found myself amazed at the information densi~y of 'he 

instructor's verbal description of the definitior?. 1 1  ; - car. 

think of these points, putting round brackets here, as Seic: 

the interval, the oper interval as a matter of fact, f r c ~ ,  L-E 

to L + E  . NOW if f ( x )  is in this interval here, it looks Li:<e 



if there is a correspcnding interval around a such t h a ~  

whenever x is in that interval that will force f (x) close tc 

L, somewhere up inside this interval." 

As the instructor moved from the verbal descriptkr 2 ~ 5  

diagrams EO the formal notation of the & / 6  defintior; ( 5 : :  E 

(L+E,L-&)), a sti;dentls question about the sse 2f E z z  

represent "is a member of" made me wonder abosr. the 05.---' d . . a L ~ 3 ~  

facing some of my classmates. On the other hand, I was 

impressed with the way in which the instructor coctrasted 

using the defi~ition (geometrically with diagram;) K C  

establish that a limit does exist in one instance and I: 2 

second case, the limit does not exist. 

The instructor quoted the definition as stated I- the 

textbook, but took time to explain the ramifications cf eat? 

part of the definitior.. For example, in the phrase 0 < x - 

a l  < 6 , the "0 <"  indicates that x #a. I wondered if I was 

overreacting to the subtleties that I perceived in t?.is 

definition. The level of mathematical maturity inhere~t ir 

this material did not seem consistept with the rest of ths 

course material. 

1 1  r 
The instructor made :he meta-cornmen: , benerally 

Speaking, when you are dealing with limits, there are :KC 

Problems involved. The first one is tc come LF with a 

reasonable candidate for the limit. And the? secondly, 4's'; 

can use the definitioc to test whether you acrually have 



found the limit or not." Reflecting back on the pre;-i2xs 

lecture, I found myself increasingly confused about c k ?  

purpose being served by the formal definition of f u n c t : ~ ~  

limits in this course. Had not the limit prcpercies 2f :he 

previous section been introduced to verify conjec~ured 

limits? 

The instructor chose an example from the text, p x v e  

lim 
(3-4x) = 7. Using properties of absolute value * ~ - i z z  x+l 

which the stadents may or may not have been faniILar, zne  

instructor argued tna: 1 (3 - 4w) - 7 1 < E whenever 

E 
x - (-1) 1 < q . The instructor then asked the class, ''K'r.a: 

would a good guess for 6 be?" He waited in sile!?ce fnr 2 

significant amount of time. When no response was f ~ r t h c o r x i r ! 2 ,  

he began to explain the "obvious" in detail. At :he saze 

time, he was emphasizing that the work he had 5one in 

establishing the value for 6 did not in itself COriStit';~e E 

proof. ~t would be necessary to rewrite xne argumenr "i- 

E 
reverse", beginning with, "choose 6 =  2 " .  



to produce this expression here. Most of the time it's 7:-t. 

I don't want to mislead you. It's only for rela~iveiy sirncle 

7ert 1.. - -  cases that you can actually use the definitio~. 51- ,,,? ,, 

..- prove that the limit exists. What will ha2pen in realiry, ,, u  

will prove a series of theorems from this definition 2-6 

those theorems are what we call the limit laws." 

"I know this is quite a technical little craof here. 

Take this as an introduction to it and you want tc abie E S  50 

some very simple cases like this. If you want to study chis 

kind of material, usually you go through a calcxlus c,zcrse 

and then you go back and you pick up these finer points. k z i  

what you would do is Math 141 (a ) ,  a one semester course 

in Real Analysis, which tends to look at all the n i r ~ y - y ~ - ; - ~  - L - L - y  

parts of this calculus course which we tend to gloss oT';er." 

The body language of my classmates sugges~ed that very fey,;, 

if any, were encouraged by the work that evening LC pcrsue 

their studies of this material. 

LL-"  " . & L . A  The instructor mcved on to the topic of C C ~ C ~ ~ C '  + . -  -., '-- 

about ten minutes left in the class. The studenrs 

immediately became more attentive and involved. There was 

student response to instructor questions and scudents ~ x h  kad 

stopped taking notes resumed notetaking. For me chis was yet 

another indication thzt the previo~s topic was in~pprcpri&~? 

for this group. 



The d e f i n i t i o n  o f  c o n t i n u i t y  a n d  some p r a p e r c l e s  2 5  

c o n t i n u o u s  f a n c t i o n s  w e r e  q u i c k l y  c o v e r e d  a n d  t h e  i x s ~ r : c t c r  

f o r m a l l y  e n d e d  t h e  c l a s s  c o m m e n t i n g ,  " I ' m  s o r r y  t o  rxs:? ys.2, 

b u t  I ' v e  g o t  t o  p i c k  u p  t h e  p a c e . "  A f t e r  c l a s s ,  a s  u s z a l ,  3 

number  o f  s t u d e n t s  r e p , a i n e d  t o  d i s c u s s  p r o b l e n s  x l t k  t n e  

i n s t r u c t o r .  

A t u t o r i a l  s e s s i o r  was s c h e d u l e d  f o r  a f ~ e r  t h e  c l a s s .  

O n l y  two  s t u d e n t s  b e s i d e s  m y s e l f  s t a y e d .  The i n s t r x z r - r  

t r i e d  t o  l o c a t e  t h e  TA,  b u t  was u n s u c c e s s f u l .  

I u s e d  t h i s  o p p o r t u n i t y  t o  t a l k  w i t h  t h e  t w o  s z u s e z t s ,  

Thomas a n d  C a t h e r i n e ,  a b o u t  t h e i r  r e a c t i o n s  t o  t h e  l e c z . ~ r e .  

N e i t h e r  o f  t h e m  was c c m f o r t a b l e  w i t h  t h e i r  understand::- .?  zf 

t h e  E / &  d e f i n i t i o n .  C a t h e r i n e  f e l t  t h a t  p r o o f  :n a  

m a t h e m a t i c s  c l a s s r o o m  h a d  a  c a p i t a l  "P" on i t .  S h e  

a s s o c i a t e d  it w i t h  p r o o f  i n  g e o m e t r y  f c r  w h i c h  " t h e r e  was 

o n l y  o n e  way t o  d o  i t " .  B o t h  s t u d e n t s  h a d  come t o  t h i s  

l e c t u r e  w i t h o u t  h a v i n g  r e a d  t h e  r e l e v a n t  S e c E i o n s  i n  t h e  

t e a c h i n g .  

C a t h e r i n e  s a i d  t h a t  s h e  l a c k e d  t h e  p e r s p e c t i v e  Z: d e z i 3 e  

w h a t  i s  i m p o r t a n t  a n d  w h a t  s h o u l d  b e  t a u g h t .  ;f i z  x a s  pa r :  

o f  t h e  c o u r s e  s h e  w o u l d  a c c e p t  i t .  Yet, I f c ' g n d ,  E z  s:?,e 

e x t e n t ,  s t u d e n t s  d o  d e c i d e  w h a t  i s  i m p o r t a n t  in t h e i r  

a c c e p t a n c e  o r  r e j e c t i o n  o f  m a t e r i a l .  On T u e s d a y ,  ~ h ?  c l a s s  

a c c e p t e d  t h e  m a t e r i a l  on l i m i t  p r o p e r t i e s  a n d  t h e i r  c s e .  



Later, OF Thursday, they responded positively to the 

definition of continuity. The material on the formal 

definitio~ of limits Kas, however, rejected. The body 

language was very necative ("sitting back") ar,d stude~t 

involvement, both verbally and through notetaking, Tias 

minimal. 

The tension within me tnat had been buildina thr~.iqhz:;t 

the evening, beginning with the first tutorizi sessisn ay.2 

continuing throsgh the lecture, resolved itself wher I 

completely abandoned che researcher role for a wnile and 

, 

spent time teaching. I tried to illustrate arid just;:,  he 

material covered this evening by developing azd cantraszir; 

1 im 1 1i.m sin x 
x-0 sin (;I and x+O . Both of them seemed r e z e p ~ : - ~ ~ ~  

X 

of my teaching efforts. 

By the end of the "tutorial hour" it was pasE 9:33 ?.T., 

dark and rainy. ~ h o m a s  had transportation home, b.~t Cazn?ri-e 

w0ul.d have had to take the bus. I offered her a ride z c  her 
- - 

neighbourhood. Because of this opportunity, I four:B m;?se~: 

with a key informant. 

During the drive to her neighbourhood, Ca~kerine spa:<? 

to me about her background, her current course of stcdies E Y . ~  

her learning situatior, (including the fact thar on Thursdz\-s, 

the calculus lecture 2nd tutorial were her sixth and seventk 

hour of classes! ) . 



By t h e  e n d  o f  t h e  f i r s t  t w o  w e e k s  o f  c l a s s e s  I f e l t  :?st 

a  number  o f  a s p e c t s  o f  my r e s e a r c h  h a d  b e g u n  t o  come 

t o g e t h e r .  T h e r e  w e r e  p a t t e r n s  a n d  t r e n d s ,  some e x p e c t e d ,  

some u n a n t i c i p a t e d ,  t h a t  I t h o u g h t  I w o u l d  f o l l o w  t!-!ro~;~hzcz 

t h e  t e r m .  

T h e r e  w e r e  t h e  R a t t e r s  o f  t u t o r i a l s ,  s t u d e n t  

t r a n s p o r t a t i o n ,  t h e  p h y s i c a l  l a y o u t  o f  t h e  c l a s s r o o r s  a r d  

w h a t  m a t e r i a l s  t h e  s t u d e n t  w o u l d  b r i n g  t o  a n d  u s e  ir, 

l e c t u r e s .  What b a c k q r o u n d  m a t h e m a t i c s  was  a s s u m e d  a n d  x h z r  

b a c k g r o u n d  d i d  t h e  s t u d e n t s  a c t u a l l y  h a v e ?  Hox much t i n ?  

c o u l d  be s p e n t  o u t  o f  c l a s s  on t h i s  c o u r s e ?  Haw was t h i s  

t i m e  s p e n t ?  A s  i t  t u r n e d  o u t ,  n o t  a l l  o f  t h e s e  i s s u e s  w e r e  

p u r s u e d  t o  a n y  s i g n i f i c a n t  e x t e n t  l a t e r  o n  i~ Ry s t c d y .  

The t e n s i o n  b e t w e e n  t h e  v a r i o u s  r o l e s  I was p l a y i n g  x a s  

q u i t e  e v i d e n t .  A t  o n e  moment I w o u l d  b e  a n  o b s e r v e r ,  

w a t c h i n g  2 n d  r e c o r d i n g  s ~ u d e n t  r e a c t i o n s  a n d  b e h a v i c u r s .  

N e x t  I w o u l d  be a  p a r t i c i p a n t ,  t a k i n g  l e c t u r e  n o t e s  acd  

s u b m i t t i n g  p r o b l e m  s e t s .  At  o t h e r  t imes ,  I was a  r e s e a r c h e r  

d i s t r i b u t i n g  a n d  c o l l e c t i n g  i n f o r m e d  c o n s e n t  f o r m s  a n d  

e x p l a i n i n g  my p r o j e c t  t o  o t h e r s .  Many t imes I w o u l d  b e  a  

c l a s s r o o m  t e a c h e r  w i t h  s t r o n g  o p i n i o n s  09 how a  t o p i c  s h O x l 5  

be t a u g h t .  ~t o t h e r  t i m e s ,  my r e a d i n g  o f  l i t e r a t u r e  f r s m  r ~ h e  

c a l c u l u s  r e f o r m e r s  w o u l d  l e a d  m e  t o  q u e s t i o n  w h a t  s h ~ u l j  52 

t a u g h t  a n d  a g a i n ,  how it  s h o u l d  b e  t a u g h t .  



I had  e s t a b l i s h e d  some i d e n t i t y  w i t h i n  t h e  c l a s s .  

S t u d e n t s ,  t h e  i n s t r ~ e t o r  a ~ d ,  t o  a  lesser  e x r e ? t ,  t h e  

. . 
t e a c h i n g  a s s i s t a n t  knew some th ing  o f  m e  a s  a r  ; n d l v : i u a l .  I 

was b e g i n n i n g  t o  i n t e r a c t  w i t h  t h e  members o f  the c l a s s  17. 3 

number o f  ways and  a s  I d i d  s o ,  I would f i n d  n.y fat-s >f 

i n t e r e s t  s h i f t i n g  a s  t h e y  o f f e r e d  v a r y i n g  p e r s p e c t i v e s  e n  

what  was i m p o r t a n t  t o  them and  why. 



S e ~ t e m b e r  1 7  t o  O c t o b e r  1 0 ,  1 9 9 1  

By T u e s d a y ,  S e p t e m b e r  1 7 ,  many o f  t h e  o t h e r  s t u d e n ~ s  and 

I h a d  r e a c h e d  s o m e t h i n g  o f  a  " c o m f o r t  z o n e "  i n  t h i s  c o u r s e .  

A r r i v i n g  f i v e  m i n u t e s  b e f o r e  t h e  l e c t u r e ,  I m e t  w i t h  s e v e r a l  

s t u d e n t s  who a s k e d  m e  how my r e s e a r c h  w a s  p r o g r e s s i n g .  

E n t e r i n g  i n t o  t h e  c o m f o r t a b l e  l a y o u t  o f  Room 1 4 3 0 ,  I 

e n c o u n t e r e d  a c o n v i v i a l  a t m o s p h e r e .  T h e r e  was f r e q u e n t  

l a u g h t e r  a n d  t h e  i n s t r u c t o r  a n d  s t u d e n t s  w e r e  b a n t e r i n g  u l t h  

e a c h  o t h e r .  T h i s  was i n  m a r k e d  c o n t r a s t  w i t h  t h e  mood o f  

l a s t  T h u r s d a y .  

T h e  i n s t r u c t o r  g a v e  u s  s e c t i o n s  t o  r e a d  f o r  n e x t  c l a s s .  

S i g n i f i c a n t l y ,  b e c a u s e  "as you know, t h i s  c o u r s e  i s  c r u - c t e d  

f o r  t i m e " ,  t h e  i n s t r u c t o r  a n n o u n c e d  t h a t  s e c t i o n  2 . 3 ,  R a ~ e s  

o f  C h a n g e  i n  t h e  N a t u r a l  a n d  S o c i a l  S c i e n c e s ,  wou ld  n o t  b e  

c o v e r e d  i n  l e c t u r e .  S t u d e n t s  were t o  r e a d  t h e  m a t e r i a l  a n d  

a t t e m p t  " e v e r y  s e c o n d  o d d  p r o b l e m " .  T h i s  a n d  t h e  o 3 . i s s i o n  o f  

s e c t i o n  3 . 9 ,  A p p l i c a t i o n s  t o  ~ c o n o m i c s ,  i n  t h e  c o u r s e  

s y l l a b u s  s u g g e s t e d  t h a t  s t u d e n t s  wou ld  h a v e  t o  l o o k  e l s e w h e r e  

t o  see how t h e  c a l c u l u s  was u s e d  i n  o t h e r  f i e l d s .  

A s s i g n m e n t s  c o l l e c t e d  a n d  p r o c e d u r a l  d e t a i l s  a t t e n d e d  

t o ,  t h e  i n s t r u c t o r  b e g a n  w i t h  s e c t i o n  2 . 1  a n d  t h e  f o r m a l  

d e f i n i t i o n  o f  t h e  d e r i v a t i v e .  H e  i d e n t i f i e d  t h e  d e f i n i t i o p  

c o u r s e .  ~t w o u l d  o c c u r  o n  b o t h  m i d t e r m s  a n d  f i n a l s .  S t u d e n t s  

s h o u l d  "know it w e l l  e n o u g h  t o  t e l l  y o u r  grandchild re^". 



Furthermore,  a s  i f  t h e  i n s t r u c t o r  was aware of rry concercs 

when he covered t h i s  m a t e r i a l  e a r l i e r ,  he spoke ~ o  t h e  c l a s s  

about d i s t i n g u i s h i n g  t h e  r o l e s  of x and h i n  t h i s   express:^? 

The f i r s t  example d e a l t  w i t h  how t o  f i n d  t h e  der ived  

2 
func t ion  of f ( x )  = - . The i n s t r u c t o r  asked t h e  c l a s s  ?Low :.: + 3 

L - L 
l i m  ( x + h ) - 3  x+3 - > 

they would eva lua t e  t h e  express ion h-+O 
. i ~ e r e  .. 

.A 

was some s tuden t  response,  but  i n  gene ra l ,  t h e r e  was nc c l e a r  

sense  of what t.o do w i t h  i t .  The i n s t r u c t o r  commep.ted t h z t  

t h i s  l i m i t  would be impossible t o  eva lua t e  d i r e c t l y  a ~ d  zhzc,  

one way o r  ano ther ,  we were l e d  back t o  a l g e b r a i c  

manipu la t ion .  I t  occurred t o  me t h a t  much of rhe  z lqebra  

, . 
necessary  i n  t he  e a r l y  s t ages  of t h i s  course   deal^ K l t n  

s i m p l i f y i n g  r a t i o n a l  exp re s s ions .  

The s tuden t  next  t o  me, a  g i r l  named Ronnie who had 

adopted me a s  a  t e ach ing  a s s i s t a n t ,  showed me he r  ( c c r r e c t i  

d e r i v a t i o n  of f l ( : . ; ) .   his l i t t l e  in te rchange  be~ween  T K O  

s t u d e n t s  was t y p i c a l  of what happened f a i r l y  f r eque - i l y  ir 

Tuesday evening c l a s s e s .  They had l i t t l e  o r  no effec:  cs :he 

flow of t h e  l e c t u r e .  

A f t e r  completing t h i s  example, t h e  i n s t r u c t c r  made t h e  

f i r s t  of s e v e r a l  d i g r e s s i o n s  on t h e  h i s t o r i c a l  d e v e l o ~ n e n t  af 

t h e  c a l c u l u s .  He had t r a v e l l e d  t o  England l a s t  sumner znd 

had v i s i t e d  Cambridge. There he had seen some of Neb;tonts 

Or ig ina l  manuscr ipts  on f l u x i o n s .  La te r  i n  t h i s  l e c t c r e ,  he 



would comment on t h e  d i f f e r e n t  no t a t i on  used f o r  d e r i v a ~ i v e s  

and t h e  impact of Leibniz on t h i s .  There was l i t t l e  

no t e t ak ing  dur ing  t he se  a s i d e s ,  but a  number of  s t u d e n ~ s  

remained attentive. I made a  note  t o  myself t o  check w:tr: r 

c lassmates  a s  how they  f e l t  about t h e s e  d l g r e s s l o n s .  

Another mathematical background impedimer~ ( r a t : c r a l  

exponents)  cropped up when t h e  i n s t r u c t o r  next e s t a b l l s - e c  

f- . Students  were t h e  d e r i v a t i v e  of t h e  func t ion  f (x) = - 
V x  

h e s i t a t i o n ,  one s tuden t  volunteered 6 a s  an answer and 

ano ther  responded w i t h  8 

During t h e  break,  t h e  i n s t r u c t o r  was bes ieged by s e v e r a l  

s t u d e n t s  concerned about how t o  approach an ass igned  prcblem: 

1 i m  
providing an ~ / 8  proof t h a t  c  = c  . I was unable z= x+a 

observe t h i s  i n t e r a c t i o n  because a number of my c1ass~a :es  

had approached me f o r  advice  on t h e  same p rob lev .  The 

i n s t r u c t o r  suggested zhat  t h i s  would be a  good p r o b l e ~  f o r  

t h e  TA t o  work through i n  t h e  t u t o r i a l  s e s s i o n s .  

The t im ing  of t h e  assignments and t h e  l e c t u r e  mate r ia l  

was i n t e r e s t i n g .  Student  a t t e n t i o n  was focused on problems 

they had been working on r e c e n t l y ;  t h e  l e c t c r e s  were 



m a t e r i a l  t h a t  w a s ,  i n  most  i n s t a n c e s ,  " i n  t h e  f u t u r e "  for t h e  

s t u d e n t s  ' a t t e n t i o n .  

O u r i n g  t h e  t e n  m i n u t e  recesses on Tuesday  e v e n i n g s  t h e  

i n s t r u c t o r  was e s s e n t i a l l y  g i v i n g  t e n  m i n u t e  t c t o r i a l s  ~o 

s t u d e n t s .  T h i s  e v e n i n g  h e  c a l l e d  f o r  c l o s u r e  t o  z h e  

q u e s t i o n s  by  s a y i n g ,  " I ' v e  g o t  t o  g e t  g o i n g  g u y s .  We've  cs t  

t o  j u s t  b u z z  a l o n g , "  H e  a d d e d  t h a t  h e  would b e  g l a d  t o  

a n s w e r  q u e s t i o n s  a f t e r  c l a s s .  

A f t e r  b r e a k ,  t h e  i n s t r u c t o r ' s  p r e a m b l e  e s t a b l i s h e d  t h e  

i m p o r t a n c e  o f  d e r i v a t i v e s  when w o r k i n g  w i t h  r a t e s  o f  c ? i e r c e  

a n d  t h e  n e e d  f o r  b e i n g  a b l e  t o  c a l c u l a t e  d e r i v e d  f u n c z i o ? ~  

more r e a d i l y  t h a n  t h e  l i m i t  d e f i n i t i o n  would a l l c w .  Hecce ,  

w e  wou ld  e s t a b l i s h  d i f f e r e n t i a t i o n  f o r m u l a s ,  where  

" d i f f e r e n t i a t i o n  i s  t h e  p r o c e s s  o f  f i n d i n g  d e r i v a t i v e s " .  T h e  

l a n g u a g e  o f  m a t h e m a t i c s  must b e  e x t r e m e l y  f r u s t r a t i n g  for 

some s t u d e n t s .  

I n  d e v e l o p i n g  t h e  power f o r m u l a ,  t h e  i n s t r ~ c t o r  

m a i n t a i n e d  t h a t  "if you m e n t i o n  t h e  power r u l e  o r  f o r ~ ~ ~ l a  t2 

a n y o n e  who h a s  h a d  a  b i t  o f  c a l c u l u s ,  t h e y  w i l l  know e ~ a c t l l .  

what  you m e a n . "  M e n t i o n i n g  t h a t  h e  was g o i n g  t o  "mix Xp h i s  

n o t a t i o n ,  s o  t h a t  w e  would g e t  u s e d  t o  i t " ,  t h e  i r . s t r u c Y z r  

d  
P r o c e e d e d  t o  p r o v e  - ( x n )  = nx"-1 , n  E Z +  . 3 n e  s r u d e 7 . t  

d x  

a s k e d  why n was r e s t r i c t e d  t o  p o s i t i v e  i n t e g e r s  anC t h e  

i n s t r u c t o r  r e p l i e d  t h a t  t h e  p r o o f  h e  was g i v i n g  would  b e  f o r  

P o s i t i v e  i n t e g e r s ,  b u t  t h a t  t h e  f o r m u l a  c o u l d  b e  e x t e n d e d  f o r  



o t h e r  p o w e r s  o f  x. He t h e n  a s k e d  i f  a n y  i n  t h e  c l a s s  were  

f a m i l i a r  w i t h  t h i s  r u l e .  Some w e r e .  

The p r o o f  h e  o u t l i n e d  was b a s e d  on  t h e  B i n o ~ . i a l  Theorem,  

on w h i c h  h e  commented,  "which I hope you a r e  a l l  f a m i l i a r  

w i t h . "  The t e x t  o f f e r e d  b o t h  t h i s  p r o o f  and  o n e  b a s e d  o n  c h e  

f a c t o r i z a t i o n  o f  xn - 2". The i n s t r u c t o r  had  some s t u a e ~ t s  

m g u e s s  c o e f f i c i e n t s  f o r  t h e  e x p a n s i o n  o f  (x + h ) " .  10 FI~,  

s u r p r i s e ,  h e  a l s o  m e n t i o n e d  t h e  r e l a t i o n  o f  P a s c a l ' s  

A r i t h m e t i c  T r i a n g l e  w i t h  B i n o m i a l  c o e f f i c i e n t s .  

I f e l t  t h a t  a g r e a t  d e a l  o f  t i m e  a n d  e f f o r ~  & a s  b e i r g  

s p e n t  d e v e l o p i n g  t h i s  p a r t i c u l a r  f o r m u l a .  F u r t h e r m o r e ,  

b a c k g r o u n d  m a t h e m a t i c s  was b e i n g  i n v o k e d  t h a t  was noc  

r e l e v a n t  t o  a n y  o t h e r  p a r t  o f  t h e  c o u r s e .  I n  f a c c ,  I  

q u e s t i o n e d  t h e  v a l u e  o f  " p r o v i n g "  t h e s e  r u l e s  i n  t h i s  c c u r s e .  

HOW d i d  my c l a s s m a t e s  f e e l  a b o u t  t h i s ?  Would t h e y  n o t  accep '  

t h e  v a l i d i t y  o f  t h e  r u l e s  on t h e  a u t h o r i t y  o f  t h e  i n s c r s c t o r  

a n d  t h e  t e x t ?  What was a t  i s s u e  h e r e :  t h e  d e v e l o p ~ , e n r  cf t h e  

r u l e s  o r  t h e  a b i l i t y  t o  u s e  them? 

S i x t e e n  s t u d e n t s  a t t e n d e d  t h e  f i r s t  t u t o r i a l  S e s s i o n  on 

1 i n ?  

S e p t e m b e r  1 9 .  The  TA b e g a n  w i t h  t h e  p r o o f  t h a t  x+a c = 2 .  

H e  c o n c l u d e d  a  g e n e r a l  d i s c u s s i o n  o f  &/8  p r o o f s  wi:h t h e  

Comment, " T h a t ' s  t h e  p r o b l e m  w i t h  m a t h e m a t i c s  SOmet lmeS ."  

S t u d e n t s  r e s p o n d e d  t o  t h i s  w i t h  l a u g h t e r .  

T h i s  e v e n i n g  t h e  d o o r s  t o  t h e  c l a s s r o o m  were l e f ~  c p e n ,  

s t u d e n t s  were  e n g a g e d  i n  c o n v e r s a t i o n  i n  t h e  c o r n e r s  o f  t h e  



room a n d  some s t r e e t  n o i s e  was c o m i n g  i n  t h r o u g h  i h e  windob;s .  

I f o u n d  m y s e l f  d i s t r a c t e d .  

One s t u d e n t  a s k e d  t h e  T A  t o  work t h r o u g h  a n  o d d - n u n b e r e 5  

p r o b l e m  f r o m  t h e  t e x t ,  t h u s  s u g g e s t i n g  t h a t  a t  l e a s t  s0T.e cf 

t h e  p e o p l e  were a t t e m p t i n g  t o  d o  p r o b l e m s  o t h e r  r h a n  c h s s e  

t h a t  w e r e  t o  be s u b m i t t e d .  I n  w o r k i n g  t h r o u g h  p r o b l e x s ,  t h e  

TA s o m e t i m e s  d i s p l a y e d  l a c k  o f  f a m i l a r i t y  w i t h  :he 

n o m e n c l a t u r e  o f  t h e  t e s t  a n d  l e c t u r e s .  I t  seemed  t h a t  Eke 

s t u d e n t s  w e r e  t a k i n g  t h e  i n i t i a t i v e  i n  c o m n u n i c a t i n q  w i t h  

h i m ,  b u t  t h e  TA was  r e s p o n d i n g  p o s i t i v e l y  t o  q u e s L i o n s .  

One q u e s t i o n ,  h o w e v e r ,  d i s r u p t e d  t h e  e f f e c r i v e n e s s  s f  

t h e  r e m a i n d e r  o f  t h e  s e s s i o n .  The  T A  b e g a n  t h e  s c l u t i o ?  1- c 

S t r a i g h t f o r w a r d  m a n n e r ,  b u t  s o o n  f o u n d  h i m s e l f  i n  

d i f f i c u l t i e s  f r o m  w h i c h  h e  h a d  t r o u b l e  e x t r i c a t i n g  h i m s e l f .  

D u r i n g  t h i s  s o i u t i o n ,  t h e  a t t e n t i o n  o f  t h e  s t u d e n t s  w a v e r e d .  

When t h e  TA made a  s i m p l e  e r r o r  i n  d i f f e r e n t i a t i n g  a 

f u n c t i o n ,  n o n e  o f  t h e  s t u d e n t s  c o r r e c t e d  h i m .  

The c l a s s  e z d e d  a =  7:20 a n d  w e  s o u g h t  o u t  t h e  l e c t c r e  

h a l l ,  o n l y  t o  f i n d  t h a t  i t s  u s e  h a d  b e e n  p r e - e m p t e d  f o r  t h e  

e v e n i n g .  A s  a  g r o u p  w e  t r a c k e d  down o u r  c l a s s r o o n  f o r  t h e  

n i g h t , w h i c h  w a s  a n  u p s c a l e  t h e a t r e  l a r g e r  t h a n  :he u s u a l  

l e c t u r e  h a l l .  

The  p r e - l e c t u r e  d i s c u s s i o n s  t h i s  e v e n i n g  w e r e  n o t  ss 

much on  s p e c i f i c  p r o b l e m s  a s  on  t h e  g e n e r a l  f e e l i n g s  s t u a e n r s  

were h a v i n g  a b o u t  t h e  c o u r s e  a n d  t h e  a s s i g n m e n t s .  One 



s t u d e n t  commented,  " I ' v e  n e v e r  b e e n  t h i s  f a r  b e h i n d  c h i s  

e a r l y  i n  a  c o u r s e . "  The i n s t r u c t o r  r e p l i e d ,  "Le t  me t e l l  ? a x ,  

t h i s  c o u r s e  i s  p a c k e d .  You h a v e  t o  make s u r e  from t ;?e v e r ) .  

b e g i n n i n g  t h a t  you p u t  a  l o t  of  t i m e  i n t o  t h i s  c o u r s e . "  Fie 

'3 e x p a n d e d  on how f u l l  h e  f e l t  t h e  s y l l a b u s  wzs a n d  h o ~  l i z z l ,  

t i m e  t h e r e  was t o  c o v e r  it a l l .  The s e c t i o n  on a p p l i c a z i a n s  

would  n o t  be c o v e r e d  i n  l e c t u r e ,  n o t  b e c a u s e  he  f e l t  IE h-zs 

u n i m p o r t a n t ,  b u t  b e c a u s e  h e  was u n a b l e  t o  c o v e r  e v e r y t h i n :  i:. 

d e t a i l .  

The i n s t r u c t o r  a l s o  p o i n t e d  o u t  t o  t h e  c l a s s  t h a t  :he 

v e n u e  f o r  t h e  s e c o n d  t u t o r i a l  s e s s i o n  h a d  been  c h a z g e d  

w i t h o u t  h i s  k n a w l e d g e .  The a b s e n c e  o f  t h e  TA l a s t  T h u r s d ~ . ~ ;  

w a s  a  c o n s e q u e n c e  o f  n o t  knowing where  h e  was .  I a n d  s e v e r a l  

o t h e r s  h a d  d e t e r m i n e d  t h e  l o c a t i o n  of t h i s  t u t o r i a l  s e s s l o r  

t h i s  week b y  c h e c k i n g  t h e  n o t i c e  b o a r d  i n  t h e  l o b b y .  C c u p l e d  

w i t h  t h e  room c h a n g e  f o r  t h e  l e c t u r e  t h i s  e v e n i n g ,  t h i s  e v e n r  

s u g g e s t e d  t h a t  j u s t  f i n d i n g  t h e  c o r r e c t  c l a s s r o o m  c o u l d  

s o m e t i m e s  b e  a  h u r d l e .  S e v e r a l  s t u d e n t s  d i d  a r r i v e  l a t e  f o r  

t h e  l e c t u r e  t h i s  e v e n i n g  b e c a u s e  o f  t h e  room s h i f t  a n d  t h e  

l e c t u r e  i t s e l f  was b r i e f l y  i n t e r r u p t e d  b y  someone e n t e r i n g  

t h e  l e c t u r e  h a l l ,  q l z n c i n g  a t  t h e  n o t e s  on  t h e  o v e r 5 e a d  and 

h u r r i e d l y  l e a v i n g  ( t o  t h e  amusement o f  t h e  c l a s s ) .  

, , r e  a;lc The i n s t r u c t o r  r e v i e w e d  t h e  work begun  l a s t  let-?. 

e v e n t u a l l y  r e a c h e d  a  p o i n t  where  f u r t h e r  d i f f e r e n t i a c i o r .  

r u l e s  would  b e  p r o v e d .  The i n s t r u c t o r  a s k e d  t h e  c l a s s  r o  



c o n f i r m  w h e r e  i n  t h e  l l s t  o f  r u l e s  h e  h a d  l e f t  o f f .  A f z e r  

d e t e r m i n i n g  t h i s  f r o m  a  s t u d e n t ,  h e  wen t  b a c k  ~ o  h i s  r : o t e s  

a n d  c o n t i n u e d  r u l e  #4, w h i c h  h e  s t a z e d ,  b u t  did c o t  p r c v e .  

W i t h  t h i s  s e t  o f  d i f f e r e n t i a t i o n  f o r m u l a e ,  t h e  

i n s t r u c t o r  c l a i m e d  c h a t  t h e  c l a s s  h a d  s u f f i c i e n t  I c f o r n a t i o c  

, . 
t o  f i n d  t h e  d e r i v a t i v e s  o f  p o l y n o m i a l  f u n c t i o n s ,  "wh~c:. plz:; 

a n  i m p o r t a n t  r o l e  i n  m a t h e m a t i c s " .  S e v e r a l  e x a m p l e s  w e r e  

w o r k e d  t h r o u g h .  F o r m a l  d e r i v a t i v e s  o f  p o l y n o m i a l  f c n c t i c r s  

r e s u l t e d ;  t h e r e  w a s  n o  r e f e r e n c e  t o  t h e  g r a p h s  o f  t h e  d e r i v e d  

f u n c t i o n s .  Of  t h e  t h r e e  r e p r e s e n t a t i o n s  o f  a f u n ~ ~ i o n :  

n u m e r i c a l ,  g r a p h i c a l  a n d  s y m b o l i c ,  t h e  s y m b o l i c  

r e p r e s e n t a t i o n  was c e r t a i n l y  r e c e i v i n g  t h e  mos t  a t t e r c i c r .  

The  i n s t r u c t o r  d i d  p o s e  a  q u e s t i o n  t o  t h e  c l a s s  t o  s e e  

if t h e y  w e r e  g r a s p i n g  t h e  c o n c e p t .  He a s k e d  a b o u t  t h e  

r e l a t i o n s h i p  o f  t h e  d e g r e e  o f  a  p o l y n o m i a l  f u n c t i o n  t C  t 3 a t  

o f  i t s  d e r i v a t i v e .  The s i l e n c e  o f  t h e  s t u d e n t  r e s p o n s e  w a s  

C o n s p i c u o u s  a n d  d i s c o n c e r t i n g .  "A g o o d  e x a m i ~ ~ a t i o n  

q u e s t i o n ,  ", q u i p p e d  t h e  i n s t r u c t o r .  I w o n d e r e d  wha t  was 

b e i n g  l e a r n e d .  The  i n s t r u c t o r  p e r s i s t e d  w i t h  t h i s  q l ~ e s t i o ~  

u n t i l  a t  l e a s t  c n e  s t u d e n t  ( C a t h e r i n e )  h a d  some s e n s e  of t h e  

u n d e r l y i n g  c o n c e p t .  

The  p r o d u c t  r u l e  w a s  t h e  n e x t  c i i f f e r e n t i a ? i o ~  for!?'L:a. 

F u l l y  t e n  m i n u t e s  w e r e  s p e n t  p r o v i n g  t h i s  n i e .  The  p r s o f  

f o l l o w e d  t h a t  i n  t h e  t e x t  a n d  u s e d  t h e  l i m i t  d e f i n l t i o r  o f  a 

d e r i v a t i v e .  ~ n  f a c t ,  o n e  s t u d e n t  r e s p o n d e d  t o  t h e  



i n s t r u c t o r ' s  q u e s t i o n s  b y  r e f e r r i n g  t o  t h e  t e x L  p r e s e n x i t l c r .  

Most  o f  t h e  c l a s s  s p e n t  t h e i r  t i m e  c o p y i n g  t h e  p r o o f  f r c x  c?e 

o v e r h e a d  n o t e s  

The  " t r i c k "  t o  t h e  p r o o f  was t h e  s h i f t  f ron? 

i n s t r u c t o r  p o i n t e d  o u t  t h a t ,  "We a r e  i n  t h e  l u x z r i o u s  

p o s i t i o n  o f  k n o w i n g  what  t h e  a n s w e r  i s . "  The  c o r r e c c  " e n d  

r e s u l t "  o f  t h i s  l i m i t  p u l l s  u s  i n  t h e  r i g h t  d i r e c t i o n .  The  

i n s t r u c t o r  g a v e  f u l l  c r e d i t  t o  t h e  g e n i u s  o f  XewYon anti 

L e i b n i z  i n  d e v e l o p i n g  t h i s  f o r m u l a .  "Remember n e i t h e r  Yewcon 

n o r  L e i b n i z  h a d  t h e  l u x u r y  o f  knowing  what  t5e  a n s w e r  13." 

T h e s e  comments  wen t  a  f a i r  d i s t a n c e  i n  h e l p i n g  t h e  s t 7 ~ d e n t s  

r e a l i z e  t h e  d i f f e r e n c e  b e t w e e n  u n d e r s t a n d i n g  a p r o o f  and 

c r e a t i n g  a  p r o o f .  

A f t e r  d e v e l o p i n g  t h e  p r o d u c t  r u l e ,  a s  a n  a s p i ~ c a t i o r ,  

2 
t h e  d e r i v a t i v e  o f  f ( x )  = ( )  ( x 3  - x  -4) was s o u g h t .  ?.:y x + 3  

L 
i m m e d i a t e  r e a c t i o n  t o  t h i s  w a s  t h a t  t h e  d e r i v a ~ i v e  o f  (z) 

.\ - 

by w h a t  I f e l t  was  a n  i n a p p r o p r i a t e  e x a m p l e .  I w a s  

c h a g r i n n e d  when t h e  i n s t r u c t o r  c o n f e s s e d  t h a t  w e  d i d  n o r  y e c  



2 
h a v e  t h e  r u l e s  t o  f i n d  t h e  d e r i v a t i v e  o f  - )  ( r e w r i t z e r :  as x43 

2 (x+3) -l), b u t ,  I n  f a c t ,  t h i s  d e r i v a t i v e  w a s  o n e  o f  t'e 

e x a m p l e s  t h a t  h a d  b e e n  w o r k e d  o u t  e a r l i e r  u s i n g  t h e  l i r x i t  

d e f i n i t i o n .  

C a t h e r i n e ,  who I h a d  now i d e n t i f i e d  as  or;e o f  t h e  rnost 

c a p a b l e  s t u d e n t s  i n  t h l s  c l a s s ,  a s k e d  t h e  i n s t r u c t o r  i f  =he 

power l a w  c o u l d  be e x t e n d e d  t o  n  = -1 f o r  t h i s  i n s t a n c e .  Tke 

i n s t r u c t o r  a g r e e d  t h a t  i t  c o u l d  i n  t h i s  c a s e ,  bct e n d e d  u p  

t r y i n g  t o  e x p l a i n  t h e  d i s t i n c t i o n  b e t w e e n  t h e  x" a r c  : f i : . : )  l -  

w i t h  s o m e  f o r e s h a d o w i n g  o f  t h e  c h a i n  r u l e .  T h i s  d i s c u s c i o : ,  

a s  f a r  as  I c o u l d  s e e ,  i n v o l v e d  o n l y  C a t h e r i n e  a n d  t h e  

i n s t r u c t o r  . 

T h e  Q u o t i e n t  R u l e  w a s  s t a t e d  w i t h o u t  p r o o f  a n d  a E  

e x a m p l e  w a s  c o m p l e t e d .  M o v i n g  q u i c k l y ,  t h e  i n s t r u c t o r  mcved  

o n  t o  t h e  s e c t i o n  o n  t h e  d e r i v a t i v e s  o f  t r i g o n o m e t r i c  

f u n c t i o n s .  A l t h o u g h  r h e  m a t t e r  h a d  b e e n  b r o u g h t  u p  a x d  

d i s c u s s e d  b e f o r e ,  o n e  s t u d e n t  ( R o n n i e )  a g a i n  a s k e d  why 

s e c t i o n  2.3 w a s  b e i n g  o m i t t e d .  T h e  i n s t r u c t o r  s a i d  t h a z  t h i s  

S e c t i o n  w a s  n i c e ,  d e a l t  w i t h  a p p l i c a t i o n s  o f  S ~ C ~ ~ C T :  2 .;, kzt 

d i d  n o t  o f f e r  a n y  new t h e o r y .  Was t h i s  a  c r i t e r i o n  f o r  

i n c l u s i o n  o r  e x c l u s i o n  of  m a t e r i a i  i n  t h e  c o c r s e f  

I n  o r d e r  to f i n d  t h e  d e r i v a t i v e  o f  t h e  s i n e  a n d  c o s i n e  

f u n c t i o n s ,  t h e  i n s t r u c t o r  i d e n t i f i e d  t h e  n e e d  to e v a l u a r e  rwc 



l i m  s i n  h  l i m  c o s  h  - 1 -. 
l i m i t s  b e f o r e h a n d  : a n d  . ~ * ~ e  

h-+O h  h+O h 

a l g e b r a i c  p r o o f s  w e r e  t o  b e  f o u n d  i n  t h e  t e x t .  The 

i n s t r u c t o r  s u g g e s t e d  t h a t  u n d e r  t h e  t i m e  constraints we f a c e i  

t h a t  " b r u t e  f o r c e "  e v a l u a t i o n  o f  t h e  l i m i t s  was a p p r o p r i a z e .  

Even t h i s  f a l l b a c k  t o  c a l c u l a t o r s  r e q u i r e d  a b r i e f  r e v l e h -  o f  

r a d i a n  m e a s u r e  f o r  t r i c o n o m e t r i c  f u n c t i o n s .  The l i m i t  3f 

l l m  s i n  h 

h-0 h  was f o u n d  t o  b e  1 u s i n g  c a l c u l a t o r s ,  b u t  t h e n ,  

f o r  some r e a s o n ,  t r i g o n o m e t r i c  i d e n t i t i e s  were  u s e d  t c  

l i m  c o s  h  - 1 
e s t a b l i s h  t h a t  h+O = 0. C o n s i d e r i n g  t h e  h  

h e s i t a t i o n  o f  t h e  c l a s s  i n  r e s p o n d i n g  t o  q u e s t i o n s  aSo.:z 

t r i g o n o m e t r y ,  t h e  e x t r a  t i m e  s p e n t  migh: w e l l  "ve beer.  

w a r r a n t e d ,  i f  o n l y  t o  e n c o u r a g e  s t u d e n t s  t o  r e v i e w  t h e i r  

knowledge  o f  t r i g o n o m e t r y .  

The i n s t r u c t o r  e n d e d  t h e  l e c t u r e  a b o u t  f i v e  n i n u t e s  1~:e 

a n d  s e v e n  o f  u s  went  o f f  t o  f i n d  t h e  room a s s i g n e d  for :he 

s e c o n d  t u t o r i a l  s e s s i o n .  U n l i k e  t h e  room where  t h e  f i r s t  

s e s s i o n  was h e l d ,  t h i s  room h a d  n o  windows a n d  o n l y  a s i n q l e  

d o o r .  I t  was q u i t e  s m a l l  r e l a t i v e  t o  t h e  venue  o f  t h e  C:3C 

t u t o r i a l .  

. . 
The TA h a n d e d  b a c k  a s s i g n m e n t s  a n d  e x p l a i n e d  t h e  K a r K 1 ~ . z  

s c h e m e .  He f a i l e d  t o  a n n o u n c e  t h a t  s o l u t i o n s  were  z T v - a i l a b l e  

in t h e  H a r b o u r  C e n t r e  L i b r a r y .  One o f  t h e  s t c d e n t s  was 

v i s i b l y  u p s e t  w i t h  t h e  r e s u l t s  o f  h i s  a s s i g n m e n t  a n d  c rcmFl?c  



h i s  p a p e r s .  O t h e r  s t u d e n t s ,  n o t a b l y  C a t h e r i n e ,  w e r e  

d i s p l a y i n g  t h e  e f f e c t s  o f  f a t i g u e .  

E x a m p l e s  t h a t  h a d  b e e n  b r o u g h t  u p  b y  s t u d e n t s  i n  t h e  

f i r s t  s e s s i o n  w e r e  now p u t  f o r w a r d  b y  t h e  TA, i n 5 i c a z i n c  t h a r  

h e  w a s  u s i n g  h i s  e x p e r i e n c e s  e a r l i e r  i n  t h e  e v e n i n q  L C  

i m p r o v e  t h e  t c t o r i a l  s e s s i o n s  a t  t h e  e n d .  W h i l e  he was 

p r e s e n t i n g  h i s  s o l u t i o n s  t o  some p r o b l e m s ,  s e v e r a l  c f  =be 

s t u d e n t s  w e r e  w o r k i n g ,  i n d i v i d u a l l y  o r  i n  p a i r s ,  on  tk:e:r 

homework a s s i g n m e n t s .  

When t h e  s t u d e n t s  had t h e i r  t u r n  i n  p r e s e n t i l . g  p r o k ' l e x s  

f o r  s o l u t i o n ,  I o b s e r v e d  t h a t  some o f  t h e  o d d  n x x b e r e d  

q u e s t i o n s  t h a t  w e r e  d o n e  g e n e r a t e d  d i s c u s s i o n  r h a t  l e d  

s t u d e n t s  b e y o n d  t h e  b o u n d a r i e s  o f  t h e  c o u r s e  e x ? e c t a : i o r s .  

N o t a t i o n ,  e s p e c i a l l y  t h e  u s e  o f  a n d  3,  w a s  a  p r o b l e r n  f o r  

s o m e .  

, . 
The s t u d e n t s  a n d  TA e n g a g e d  i n  g u e s s i n g  what  maZer:a- 

. . 
Would show up e n  t h e  m i d t e r m .  T h i s  s o r t  o f  d i s c u s s i o -  h ' ? ~ - c  

t a k e  u p  a  s i g n i f i c a n t  amount  o f  t i m e  i n  t h e  t u ~ o r i a l  s e s s i o n s  

t h r o u g h o u t  t h e  t e r m .  :t was a s s u m e d  b y  t h e  s t u d e n ~ s  t h z t  € 1 6  

P r o o f s  w o u l d  b e  on t h e  t e s t .  

Two c o n c e r n s  a r o s e  t h a t  e v e n i n g  t h a t  I h a d  n @ t  

c o n s i d e r e d  a s  s i g n i f i c a n t  b e f o r e  my s ~ u d y :  h e a l t h  a n d  

f a t i g u e .  T h e  c o l d  t h a t  t h e  i n s t r u c t o r  h a d  l a s t  x e e k  h2'5 

w o r s e n e d  s o  t h a t  t o n i g h t ' s  l e c t u r e  w a s  o f t e n  p u n c t u a t e d  5:: 

C o u g h i n g .  T h e  i n s t r u c t o r  h i m s e i f  i n d i c a t e d  t o w a r d s  t h e  e n 5  



. , 

t h a t  he was " r ~ n n i n g  out  of steam" and t h a t  he K E S  l o s i n g  y1;s 

voice somewhat. Extreme f a t i g u e  w ~ s  exempli f ied  by C a t r e r l r . e  

i n  t h e  l a s t  t u t o r i a l  s e s s i o n .  She had p a r t i c i p a t e d  s t r e c g l - ~ -  

dur ing  t h e  l e c t u r e ,  but had no energy l e f t  a t  a i l  f o r  :he 

t u t o r i a l .  I observed t h e s e  f a c t o r s  impacting or.  he 

behaviour and p e r f o r ~ ~ a n c e  of near ly  everybody In t h i s  c l a s s ,  

i nc lud ing  myself ,  be fo re  t h e  end of t e rm.  I t  occurred t o  ve 

t h a t  t h e r e  was no prov is ion  f o r  being i l l  o r  t i r e d  ir. s ~ c ? :  a  

cou r se .  

By t h e  l e c t c r e  on Tuesday, September 2 4 ,  ~ . y  i-esearch had 

progressed t o  t h e  s t a g e  where I  was spending m ~ c h  of my z ime 

i n  conve r sa t i on  with my c lassmates .  I was s h i f t i ~ ~   fro^ a 

detached observer  frame of re fe rence  i n  which I  t y p i c a i l y  xas 

d e s c r i b i n g  t h e  c l a s s  a s  a  whole t o  t h a t  of p a r t i c i p a r , ~  A-ho 

was d e a l i n g  with i n d i v l d c a l s .  

One consequence of t h i s  evo lu t ion  i n  my research  is that 

my f i e l d  no t e s  became more concerned with s p e c i f i c  persc-s  

and t h e i r  i n t e r a c z i o n s  with me r a t h e r  than t h e  i - s t r u c t e r -  

Student  i n t e r a c t i o n s  I had been d e t a i l i n g  e a r l i e r .  The a ~ d i c  

t apes  of  t h e  l e c t u r e s ,  e s p e c i a l l y  t h e  porc ions  record in?  jest 

before  and a f t e r  c l a s s ,  helped t o  cont inue monitor in^ sc'me of 

t he  s t u d e n t - i n s t r u c t o r  conversat ion while I was otheer%ise 

engaged. 

P r i o r  t o  t h e  c l a s s  t h a t  evening,  I Spent Time r a l k i n q  

with C a t h e r i n e .  We spent  some time d i s c u s s i n g  t h e  s p a c i ~ g  Gf 



t h e  l e c t u r e s .  Gn T h u r s d a y ,  t h e  m a t e r i a l  c o v e r e d  o n  T u e s 3 a y  

w a s  r e l a t i v e l y  f r e s h  i n  o u r  m i n d s .  B u t ,  d u r i n g  t h e  firs, 

h o u r  o f  T a e s d a y  l e c t u r e s  it was o f t e n  a n  e f f c r t  ~3 r e ~ , e r , b e r  

wha t  h a d  t a k e n  p l a c e  t h e  p r e v i o u s  T h u r s d a y .  C a t h e r i n e  a l s o  

s p o k e  a b o u t  t h e  f r u s t r a t i o n  a n d  a n x i e t y  t h a t  s h e  f e l z  b e c a c s e  

LA - s h e  s e n s e d  s h e  was  f a l l i n g  b e h i n d  i n  t h i s  c o u r s e .  0.,- 

c o n v e r s a t i o n  d r i f t e d  t o  what  m i g h t  b e  o n  t h e  mid-cerrn t ? s ~  a r c  

C a t h e r i n e ' s  d e l i g h t  i n  " s t u m p i n g "  a p r o f e s s o r  w l ? ?  a  

d i f f i c u l t  q u e s t i c n  e a r l i e r  i n  t h e  d a y .  

W h i l e  I w a s  t a l k i n g  w i t h  C a t h e r i n e ,  o t h e r  s t ~ d e n t s  w e r e  

b r i n g i n g  q u e s t i o n s  f o r w a r d  t o  t h e  i n s t r u c t o r .  3 n e  s t ~ c e r ~  

s o u g h t  h e l p  w i t h  t h e  e v a l u a t i o n  o f  a  l i m i t  o f  a z r i g o ~ o n e r r i c  

f u n c t i o n .  I n  t h e  e n s u i n g  d i s c u s s i o n ,  i t  t u r n e d  o u t  = h a t  :he 

s t u d e n t  d i d  n o t  r e a l i z e  t h a t  t h e  f u n c t i o n  was C O ~ ~ ~ K U C X S  

e v e r y w h e r e  a n d  n e e d  o n l y  b e  e v a l u a t e d  a t  t h e  p o i n t  iz 

I'L 
t h r o u g h  t h e  e v a l u a t i o n .  " W h a t ' s  s i n  - ?" ,  h e  a s k e d .  S i l e n c e  

3 

s p e c t r e  o f  d e f i c i e n c i e s  i n  b a c k g r o u n d  ma th  s e e m e d  eve= 

P r e s e n t .  



The i n s t r u c t o r  spoke b r i e f l y  w i t h  one s tuden t  who xss  

o l d e r  than me.  his s tuden t  was a  p r o f e s s i o n a l  engineer  .d;tc 

was t a k i n g  t h e  course f o r  " t h e  fuc of i t " .  They spo ie  abouc 

how t h e  c a l c u l u s  would "come back t o  t h e  eng ineer"  a s  5s 

worked through t h e  course  and about t h e  mathematics t h z t  he 

d i d  i n  h i s  p r o f e s s i o n .  

Before beginning t h e  l e c t a r e ,  t h e  i n s t r u c t ~ r  was 

reminded t o  a t t a c h  t h e  microphone t o  h i s  jacket  so t h a t  t he  

l esson  would be recorded .  He asked i f  apyone had aczesse<  

t h e  t a p e s  yet  . NO one, inc lud ing  myself ,  had .  T;-e 

assumption was t h a t  t h e  t apes  were a v a i l a b l e  i n  t h e  Harh?xr 

Centre  L i b r a r y .  

He a l s o  reminded t h e  c l a s s  t h a t  s o l u t i o n  keys for : k e  

assignments were a l s o  a v a i l a b l e  i n  t h e  l i b r a r y .  Showinc 

admirable f l e x i b i l i t y ,  t h e  i n s t r u c t o r ,  responding t o  sE.:,5erit 

feedback,  changed t h e  due d a t e  f o r  t h e  a ~ s i g n ~ e n t s  f r o -  

Thursdays t o  Tuesdays. This was t o  al low s tudencs  t C  CZCsult 

w i t h  t h e  TA about t h e  ass igned  problems be fo re  Chey were 2ue .  

Almost a s  i f  he had l i s t e n e d  t o  t h e  d i s cus s ion  1 had had 

with Ca ther ine  about t h e  spacing of l e c t u r e s  a n d  t h e  

d i f f i c u l t y  of remembering where we were on Tuesday l e z t z r e s ,  

t h e  i n s t r u c t o r  began with s eve ra l  minutes of rC2~ie-d of  ;%'?:ere 

we had been and where we going i n  t h e  course .  Today's t 2 p l ~  

Was t o  f i n d  t h e  d e r i v a t i v e s  of  t h e  t r i gonome t r i c  f u n c t l c 2 ~ .  



The instructor assigned (re-assigned) every second odd 

problem in sections 2.4, 2.5, 2.6. As these problem x e r e  

not collected, there was no student accountability for their 

completion, I noted to myself that I should ask my classnazes 

how many of these questions they attempted. Finally ?ex 

l:m :-cos :.. 
material was begun with the problen of evaluatinq X-0 E: Sl? I-: 

My immediate response to this example was, "Why bother?", bxz 

I soon found intrigued because I did not know what the 1 L r . l :  

was. (Nor did I feel that using 1'E6pital1s Rule would be 

fair.) This was an aspect of mathematics I had been 

overlooking recently. Sometimes you do mathematics Sec~xse 

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 questio~ was 

discontinuous at x = 0 and asked for student suggestions cn 

how to algebraically manipulate the functior Until it C O E ~ ~  

be separated i n t o  recognizable functions. The class vas 

unable to provide any suggestions, let alone the "correcz" 

licos x 
one of multiplying the function by x .  While 



A t  t h e  e n d  o f  t h e  e x a m p l e ,  t h e  i n s t r u c t o r  s u g g e s t e d ,  " I f  

y o u  h a v e  a n y  d o u b t s  a b o u t  wha t  I f n  d o i n g  h e r e .  I d o r ' t  t h i n k  

y o u  d o .  Yau p r o b a b l h ,  b e l i e v e  n e .  Buc you  c o c i d  r e v e r z  ? E Z : <  

t o  t h e  b r u t e  f o r c e  m e t h o d . "  A s t u d e n t  s p o k e  o c t ,  "If v z c  act 

s t u c k  o n  a n  exam, c o u l d  you  u s e  a  c a l c u l a t o r ? "  The  

i n s t r u c t o r  r e p l i e d  t h a t  h e  wou ld  t r y  t o  p h r a s e  t h e  q u e s z i z - s  

s o  t h a t  c a l c u l a t o r s  w o u l d  o n l y  b e  u s e d  as  a i a s c  r e s o r t .  

T w e n t y  t o  t w e n t y - f  i v e  m i n u t e s  i n t o  t h e  l e c t u r e ,  the 

d e r i v a t i v e s  o f  t h e  t r i g o n o m e t r i c  f u n c t i o n s  c a n e  U ?  a g a i r .  

More me ta -commen t s  f r o m  t h e  i n s t r u c t o r  made ine k c $ e  =:?at ?.l- 

. . 
c l a s s m a t e s  w e r e  p a y i n g  s t t e n t i o n .  He s p o k e  o f  mernor:z::g rke  

d e r i v a t i v e s  o f  v a r i o u s  f u n c t i o n s ;  " i o a d i n g  y o u r  p o c k e ~ s  w:zh 

t o o l s  t h a t  you  c a n  b r i n g  o u t  i n  t h e  a p p r o p r i a t e  s i t u a t i c r " .  

H e  a l s o  n o t e d  t h a t  t h e  d e r i v a t i v e  o f  a  t r i g o n o a e t r i c  f c r c t i o c  

i s  a l s o  a  ~ r i g o n o m e t r i c  f u n c t i o n ,  " k e e p i n g  i ' ~  i- ~ n e  f a r , i l y " .  

d  
The  d e v e l o p m e n t  o f  - s i n  x  i n v o l v e d  t h e  e x ~ a n s i c r .  25 

d x  

s i n  (x+h). When t h e  i n s t r u c t o r  a s k e d  t h e  c l a s s  w h e r e  K C  

l i I -8  s i n  ( x + h )  - s i n  :< 
P r o c e e d  f r o m  h+O h 

t h e r e  was a  l e n g ~ h l  

s i l e n c e .  ' i n a l l y ,  t h e  e n g i n e e r  v o l u r t e e r e d  t h a t  e x p a n d i n q  

s i n  ( x + h )  m i g h t  w o r k .  The  i n s t r u c t o r  a s k e d  t h e  s t u d e l t s  f z r  

t h e  e x p a n s i o n .  ? h e r e  w a s  some l a u g h t e r  when h e  a d d e d ,  

" W i t h o u t  l o o k i n g  it u p  i n  t h e  b o o k ,  ", b e c a u s e  t w o  o r  three 

- - 
S t u d e n t s  q u i c k l y  wen t  t o  t h e  a p p e n d i c e s  o f  t h e  t e x t .  ~ i t h o - ~  

t h e  t e x t ,  n o  o n e  w a s  a b l e  t o  g i v e  t h e  a p p r o p r i a t e  i d e n t i c , .  



A f t e r  comp1etir.g che  development of t h e  d e r i v a t ; v e  o f  

t h e  s i n e  f u n c t i o n ,  t h e  instructor lnvoked  a r o t n e r  

m a t h e m a ~ l c a l  cornrronplace by s a y i n g ,  "Similarly, 

a - 
dx c o s  x = - s i n  x. " T h i s  was a f t e r  he  had pol -zed  ou r  t h a z  

t h e  d e r i v a t i v e  wizh r e s p e c t  t o  x of c o s  x i s  no= t h e  

" o b v i o u s "  f u n c t i o n ,  s i n  x .  The i n s t r u c t o r  expanded on Eke 

m a t h e m a t i c i a n ' s  u s e  of  s i m i l a r l y ,  "I s a y  simi2zrly, i~ f a c t  

you can  d u p l i c a t e  t h i s  p r o o f .  I t  would be  exacEly  :he s a n e  

S t e p s  you would go t h r o u g h ,  e x c e p t  you would have t h e  c z s  

( x + h )  h e r e  and ,  a s  t h i s  gent leman has  i n d i c a t e d ,  r k e r e  I s  

p r o b a b l y  a fo rmula  f o r  c o s  ( x + h )  . " 

A f t e r  e x h o r t i n g  t h e  c l a s s  t o  look u p  t h e  b a s i c  

t r i g o n o m e t r i c  i d e n t i t i e s ,  t h e  i n s t r u c t o r  a l l owed  t h a t  we 

would n o t  be making much use  of them i n  t h i s  c o u r s e .  The), 

would,  however,  b e  u sed  e x t e n s i v e l y  i n  Math 1 5 2  f o r  

i n t e g r a t i o n .  

More t i m e  was s p e n t  on deve lop ing  t h e  d e r i v a t i v e  o f  t h e  

t a n g e n t  f u n c t i o n .  ~ i m e  was s p e n t  d i s c u s s i n g  how one would 

- , .  
approach  t h e  p rob lep ,  i n i t i a l l y .  The i n s t r u c t o r ,  r a t h e r  -1k:e 2 

magic i an  p r o d u c i n g  a  r a b b i r  from h i s  h a t ,  invoked a  

s i n  x  
t r i g o n o m e t r i c  i d e n t i t y ,  t a n  X = and  t h e -  a p p i l e d  ~ ? . e  cos  Y 



d i f f e r e n t i a t e  b o t h  s i n e  x  b y  i t s e l f  a n d  c o s i n e  x b y  i t s e l f ,  I 

j u s t  g a v e  t h e m  t o  y c u .  And I a l s o  know how t o  B o  a  q.do:ien: 

b y  t h e  q u o t i e n t  r u l e .  T h i n g  s o l v e d !  T h a t ' s  a l l  : he re  i s  :a 

i t .  " 

A g a i n  a n d  a g a i n ,  o b s e r v i n g  t h e  d e v e l o p m e r c  of t h e s e  

w a s  b e i n g  e x p l i c a t e d  b y  t h e  i n s t r u c t o r  a s  h e  s o u g h t  zc c o v e r  

t h e  c o u r s e  m a t e r i a l .  3 n f o r t u n a t e l y ,  t h ?  e s t a b i i s h e d  

d  
d i f f e r e n t i a t i o n  f o r m c l a e ,  - t a n  s = s e c 2  x ,  r e q u i r e d  some d x  

d  9 

t h e i r  c o f u n c t i o r . ~ .  F o r  e x a m p l e ,  s i n c e  -- t a n  :A: = s e c -  :,:, ;hey. dx  

d 
b 

d x  c o t  x  = - c s c 2  x . In d e v e l o p i n g  t h e  d e r i v a ~ i v e  o f  s e c  v 

d  (z sec x = (:an x) ( s e c  x )  ) ,  t h e  i n s t r u c t o r  e n p h a s i z e d  c h i  

i n e r t i a  of m a t h e m a t i c a l  c o n v e n t i o n  when h e  s a i d , "  A l x o s t  



e v e r y  book  w r i t e s  t h e m  t h i s  way . I ' m  g c i n g  t o  commute :hex 

a r o u n d .  T h i s  i s  ( s e c  x) ( t a n  x )  . "  

A f t e r  i n v o k i n g  zhe m a t h e m a t i c a l  u s e  o f  t e r n ?  " s i R l l a r l ; . "  

o n c e  a g a i ~  t o  d e v e l o p  t h e  d e r i v a t i v e  c f  t h e  c o s e c a r t  

f u n c t i o n ,  t h e  i n s t r u c t o r  s p e n t  f u r t h e r  t i m e  e x p l i c a t l ~ g  t h e  

p a t t e r n s  i n  t h e  t a b l e  o f  d i f f e r e n t i a t i o n  f o r m c l a e  f o r  ~ % e  

t r i g o n o m e t r i c  f u n c t i o n s .  " T h e r e  i s  a  summary hlhic:? yo.; 2:s: 

p u t  t o  memory . "  

The  l e c t u r e  c o n t i n u e d  w i t h  some worked  e x a m p l e s  frcr. the 

. - 
t e x t b o o k  i n v o i v i n g  f o r m a l  d i f f e r e n t i a t i o n .  The ; i r s t  s - s ~ ~ e r  

w a s  t o  f i n d  t h e  d e r i v a t i v e  w i t h  r e s p e c t  t o  X o f  

y = (x) ( s i n  x )  ( c o s  x) . I t  w a s  worked  o u t  i n  d e t a i l  a n d  t h e  

" f i n a l  a n s w e r "  r e a c h e d  b y  u s i n g  a  d o u b l e - a n g l e  i d e n t i t y .  The 

. a 

s e c o n d  p r o b l e m  was t o  f i n d  t h e  e q u a t i o n  of t h e  ~ l n e  t a n g e z t  

t o  t h e  c u r v e  

n 
Y = 2 s i n  x a t  t h e  p o i n t  ( - I  1) . I n  t h e  f i r s t  c a s e ,  s t ~ d n r . t , c  

6 

d i d  n o t  know w h i c h  i d e n t i t y  t o  u s e .  IF t h e  s e c o n d  p r o b l e ? ,  

t h e  i n s t r u c t o r  s o u g h t  d i a l o g u e  w i t h  t h e  c l a s s .  Buc t h e  

JT 
s t u d e n t s  w e r e  v e r y  t e n t a t i v e  a b o u t  e v a l u a t i n g  s i n  - . Y?.e 6 

i n s t r u c t o r  s k e t c h e d  a  g r a p h  o f  t h e  c u r v e .  AskL?g f ~ r  t?.e 

V a l u e  o f  s i n  a t  = x, h e  h a d  n o  c o r r e c t  reSpORSeS.  "2e 

i n s t r u c t o r  w e n t  b a c k  t o  t h e  u n i t  c i r c l e  i n  a n  a t t e m p t  ZC he:? 

t h e  c l a s s .  H e  was  w e l l  aware o f  t h e  d i f f i c u l t i e s  t h e y  w e r e  



e x p e r i e n c i n g .  H e  c o n c l u d e d  h i s  m i n i - r e v i e w  o f  c i r c c l a r  

f u n c t i o n s  w i t h  t h e  c o m m e n t ,  " I ' m  o r l l y  d o i n g  t h i s  t h e  o ~ e  tine 

. - 
h e r e  i n  a S i t  o f  d e t a l - ,  j u s t  t o  r e m i n d  y o u  o f  w5az i s  ? e l - c  

o n  h e r e . "  I n o t e d  how d i f f i c u l t  it w a s  f o r  a g o o d  t e a c h e r  z c  

i g n o r e  g a p s  i n  t h e  k n o w l e d g e  b a s e  of h i s  o r  h e r  students. 

D u r i n g  t h e  b r e a k  I s p o k e  w i t h  a s t u d e n t  who h a d  

g r a d u a t e d  f r o m  h i g h  s c h o o l  i n  1 9 8 1 .  H e  a l l o w e d  t h a t  

a l g e b r a i c  m a n i p u l a t i o n  w a s  c a t c h i n g  h i m  o u t  a s  h e  d i d  o d d  

n u m b e r e d  p r o b l e m s  f r o m  t h e  tex: .  Bct t h e  t r i g o n o n e t r l -  x?s 

e v e n  more p r o b l e m a t i c a l .  T h e  t r i g o n o m e t r y  d o n e  i.: h igh  

s c h o o l  w a s  " d o n e  o n c e  a n d  p u t  a w a y  . . .  a t  l e a s t  w i t h  a l g e b r a  

y o u  h a d  a c h a n c e  t o  u s e  i t  f o r  t h r e e  o r  f o u r  y e a r s  i n  high 

s c h o o l .  " 

T h e  r e m a i n d e r  o f  - h e  b r e a k  I s p e n t  w o r k i n g  t h r o u g h  a 

h o m e w o r k  p r o b l e m  b r o u g h t  t o  m e  b y  a n o t h e r  s t u d e n t .  Many of 

t h e  s t u d e n t s  s p e n t  t h e  recess t a l k i n g  w i t h  e a c h  o x h e r .  

C l a s s  r e c o n v e n e d  a t  8:40 w i t h  t h e  i n s t r u c t o r  s a y i n c ,  "17 

a l w a y s  t a k e s  l o n g e r  t h a n  I t h i n k  i t ' s  g o i n g  t o  t a k e .  Yo- 

know when I s a i d  t o  s t u d y  2.6? S c r a p  i t .  W e ' l l  h a v e  t o  d o  

t h a t  n e x t  day."  his b r o u g h t  m u t e d  c h e e r s  f r o m  t h e  c l a s s .  T 

made a n o t e  t o  m y s e l f  t h a t  t h e s e  p e o p l e ,  s t u d e n t s  a n d  

i n s t r u c t o r  a l i k e ,  %ere r e a l l y  w o r k i n g  h a r d  a t  t h i s  c o u r s e .  

S e c t i o n  2 . 5  d e a l t  w i t h  t h e  C h a i n  R u l e  a n d  

d i f f e r e n t i a t i n g  t h e  c o m p o s i t i o n  o f  f u n c t i o n s .  T h e  i n s t r u c t o r  

b e g a n  a s t r a i g h t f o r w a r d  d e v e l o p m e n t  o f  t h e  r u l e ,  b u t  T.Y 



r e a c t i o n  a t  t h e  t i m e  was t h a t  t h e  p r e s e n t a t i o n  w a s  t o o  f a s x  

a n d  t o o  a b s t r a c t .  R a t h e r  t h a n  worl: w i t h  a " c o n c r e t e "  

e x a m p l e ,  t h e  i n s t r u c t o r  c h o s e  t o  t a l k  a b o u t  g e n e r a l  f c n c ~ : o n c  

f a n d  g . I o b s e r v e d  t h a t  o n l y  a b o u t  3 0 %  t o  53;- o f  t h e  c ; a s s  

w e r e  t a k i n g  n o t e s  a t  t h i s  t i m e ,  i n  c o n t r a s t  t o  a  s u b s t a n t : a l  

m a j o r i t y  who w e r e  t a k i n g  n o t e s  d u r i n g  t h e  f i r s :  h o u r .  

T h e r e  was a  g r e a t  d e a l  o f  t e c h n i c a l  v o c a b u l a r y  ir :h:s 

p a r t  o f  t h e  l e c t c r e .  The  i n s t r u c t o r  e x p l a i n e d  w h a t  i s  meanz 

when a f u n c t i o n  i s  s a i d  t o  b e  d i f f e r e n t i a b l e  a n d  t a l k e d  a b c - t  

t h e  n o n - c o m m u t a t i v i t y  o f  t h e  c o m p o s i t i o n  o p e r a t - c . ! .  ? lye  wa,c 

s p e n t  d i s c u s s i n g  w h i c h  n o t a t i o n  i s  mos t  a p p r o p r i a t e  f o r  

r e p r e s e n t i n g  t h e  c h a i n  r u l e .  

The  i n s t r u c t o r  c o n t i n u e d  t h e  l e c t u r e  w i t h  rPiniIr.al  

i n t e r a c t i o n  w i t h  t h e  c l a s s .  H e  s a i d  t h a t  h e  w a n t e d  L C  

O u t l i n e  a  p r o o f  t h a t  i s  " n o t  a b s o l u t e l y  precise" bet ;s 

" b e t t e r  t h a n  t h e  o n e  g i v e n  i n  t h e  t e x t " .  H i s  Comment t%t  

, . -  

" t h e r e  a re  s t i l l  f l a w s  i n  m i n e ,  b u t  p r o b a b l y  n o n e  o f  you w:__ 

f i n d  t h e m , "  b r o u g h t  up some s t u d e n t  l a u g h t e r .  

The  p r o o f  i n v o l v e d  t h e  u s e  o f  s e v e r a l  dummy v a r i a b l e s  

s u c h  a s  u f o r  g ( x )  a n d  k f o r  g ( x + h )  - 57 ( x )  To a r g u e  t h a t  

k-0 a s  h+O, t h e  i n s t r u c t o r  u s e d  t h e  C o n t i n u i t y  o f  g w h i c h  

was b a s e d  o n  ;he h y p o t h e s i s  t h a t  g was d i f f e r e r t i a b l e .  Ey 

9 : 0 5  wha t  s t u d e n t  a t t e n t i o n  r e m a i n e d  was f a d i n g  quick:;. . ,3ne 

S t u d e n t  b e s i d e  m e  w a s  m e r e l y  r o c k i n g  b a c k  a n d  f o r t h  i n  h i s  

c h a i r .  TO h i s  c r e d i t ,  t h e  i n s t r u c t o r  p e r s e v e r e d  i n  



s o l i c i t i n g  s t u d e n t  r e s p o n s e .  3 u t  it seemed a  d i f f i c u l r  tcs:~. 

A s  a n  e x c e p t i o n  t o  t h e  g e n e r a l  n o n - . r e s p o n s e  t c  :his p r > z f ,  

o n e  s t u d e n t ,  C a t h e r i n e  f o u n d  it t o  b e  c u t e .  

The i n s t r u c t o r  s o u g h t  t o  c o n n e c t  t h e  t o p i c  w i t h  

e c o n o m i c s  a n d  :he u s e  o f  t h e  t e r m  marginal ir! e c o n o n i c s .  

- .  
When h e  q u e s t i o n e d  t h e  c l a s s  h e  f o u n d  t h a t  v e r y  few o r  x n e  

s t u d e n t s  h a d  e v e r  s t u d i e d  e c o n o m i c s .  

H a v i n g  r u n  o u t  o f  a c e t a t e ,  t h e  i n s t r u c t o r  moved ts ~ 5 e  

c h a l k b o a r d  a n d  worked t h r o u g h  e x a m p l e s :  f i n d  

1 - 
T h e r e  was some p o s i t i v e  body .x) . 

l a n g u a g e  ( n o d d i n g  o f  h e a d s ,  s i t t i n g  f o r w a r d )  a s  t h e  l e c z u r e  

moved t o  a c t u a l  e x a m p l e s .  T h e r e  was a  marked c o n t r a s c  i n  

a t t e n t i v e n e s s  a n d  body  l a n g u a g e  o f  t h e  s t u d e n t s  whe? t h e y  

worked  t h r o u g h  t h e s e  e x a m p l e s  t o  t h e  c h i l l  t h a t  p e r v a d e d  r h e  

c l a s s  when t h e  p r o o f  o f  t h e  c h a i n  r u l e  was b e i n q  d e v e l o p e d .  

The i n s t r u c t o r  c o n c l u d e d  t h e  l e c t c r e  w i t h  E ?If?:a-czTment 

t h a t  " o u r  a n s w e r s "  m i g h t  d i f f e r  f rom t h e  o n e s  i? t h e  te:.:t 

b e c a u s e  o f  t h e  amount o f  s i m p l i f i c a t i o n  t h a t  was d o n e .  

The e v e n i n g  h a d  b e e n  v e r y  f u l l .  T h e r e  was d e v e l o ? ~ , e r , t  

of d e r i v a t i v e s  o f  t r i g o n o m e t r i c  f u n c t i o n s ,  a n  e x h o r t a t i o n  te 

memor ize  some f o r m u l a e ,  a  d i s p l a y  o f  f o r m a l  d i f f e r e n : i s r i o ?  

t e c h n i q u e s  a n d  a  p r o o f  o f  t h e  c h a i n  r u l e  a s  w e l l  a s  varioss 

h i n t s  a n d  s u g g e s t i o n s  a s  t o  how t o  a c t u a l l y  "do ~ a t h " .  I t  



seemed t o  me t h a t  nany agendas were being covered more z r  

l e s s  s imul taneous ly .  

I a r r i v e d  t e p  minutes l a t e  f o r  t h e  6:30 t u t o r i a l  or  

September 2 6 .  ~ S a c t  a  dozen people were t h e r e  xhen I 

a r r i v e d .  The TA was working through some l i m i t  problems and 

deomonstrat ing a  number of mecharical  " t r i c k s " .  3e seexe& 

much more comfortable w i t h  t h e  ma te r i a l  and t e x t  t h i s  week 

than l a s t .  

Seve ra l  of  t h e  s tuden t  ques t ions  d e a l t  wi t5  backqrccrd 

m a t e r i a l .  There was a  ques t ion  about t h e  va lue  ~f s i n  37t 

and whether sec2 .\: represen ted  s e c ( x 2 )  o r  (set I,:)*. The 

l a t t e r  ques t ion  echoed a  comment made by Cather ice  l a s ~  

f u n c t i o n s  

I i m  - 
Asked t o  e v z l u a t e  t h e  one-sided l i m i t  x 4 4 -  u:6-:< s0rr.e cf 2 s  

invoked t h e  c o n t i n u i t y  of t he  s emic i r c l e  and siI?'+l\* wroze t k e  

answer ( w i t h  3 sketch of t he  g r a p h ) .  The TA awarcied fcll 

marks on ly  if a sequence of l i m i t  r u l e s  were used.  How were 

we t o  r e s p o ~ d  midterms and t h e  examination? T% TTk 

r e p l i e d ,  "On assignm.ents, go back i n  t h e  textbook and Lse Zk:? 

methods of  worked examples . "  Once aga in ,  t h e  te:-:Z was z i t %  

a s  t h e  f i n a l  a r b i t e r  of c o r r e c t n e s s .  



T h e  7:30 l e c t u r e  was i n  t h e  t h e a t r e .  3 n e  s z x d e n t  Fezze:  

h e r s e l f  i n  t h e  f i r s t  r o w ,  t w e l v e  s a t  i n  t h e  n e x t  t h r e e  r3+;s 

a n d  t h e  res t  o f  t h e  c l a s s  ( f i v e  o f  u s )  s a t  i n  r o w s  f i v e  a-5 

s i x .  I n o t e d  t h a t  o n e  o f  t h e  f i r s t  s t u d e n t s  who h a d  s p o k e r .  

w i t h  m e ,  t h e  g i r l  who h a d  a d o p t e d  m e  a s  a t e a c h i n s  a s s l s ~ a n ~ ,  

w a s  n o  l o n g e r  in t h e  c l a s s .  I h a d  n o  s e n s e  o f  ~ h y  s h e  $rc@sec 

t h e  c o u r s e .  S h e  s e e m e d  t o  b e  w o r k i n g  h a r d ,  w a s  a s k i n :  ;z~5 

q u e s t i o n s  a n d  h a d  n o t  s e e m e d  p a r t i c u l a r l y  o p p r e s s e d  b y  a n y  

a s p e c t  of t h e  c o u r s e .  

- 3  T h e  l e c t u r e  b e g a n  w i t h  i m p l i c i t  d i f f e r e n t  i a , i o r . .  T:-L 

m a t e r i a l  w a s  c l e a r  2 n d  w e l l  r e c e i v e d ,  a l t h o u g h ,  a s  a s . d a l  f o r  

T h u r s d a y  l e c t u r e s ,  t h e r e  w a s  l e ss  s t u d e n t - i n s t r u c t o r  

i n t e r a c t i o n  t h a n  o n  T u e s d a y s .  M e t a - c o m m e n t s  were ~ p r i 3 k i 5 3  

l i b e r a l l y  t h r o u g h o u t  t h i s  t o p i c ' s  d e v e l o p m e n t .  S u g g e s t i o n s  

o n  when t o  u s e  i m p l i c i t  d i f f e r e n t i a t i o n ,  w h a t  l e v e l  o f  

s i m p l i f i c a t i o n  f o r  t h e  f i n a l  r e s u l t  i s  a p p r o p r i a t e  a n d  % k e n  

. .  , . 
i t  w a s  p o s s i b l e  t o  c h e c k  o u r  r e s u l t s  b y  s o l v i n g  "exp-:Z:~-;: 

f o r  y " .  T h e r e  w a s  a l s o  a d i g r e s s i o n  o n  C o n i c  s e c t i c n s  ar?6 

q u a d r a t i c  r e l a t i o n s  when w o r k i n g  o n  t h e  p r o b l e r  af f i n d i n :  

t h e  e q u a t i o n  o f  l i n e  n o r m a l  t o  t h e  c u r v e  9x2 + = 72 3- f t ?  

p o i n t  ( 2 , 3 ) .  

T h e  e x a m p l e  was w o r k e d  t h r o u g h  i n  p a i n s t a k i n g  d e t a l l .  

I m m e d i a t e l y  u p o n  i t s  c o m p l e t i o n ,  t h e  i n s t r u c t o r  s a i d ,  " L e t ' s  

move o n  t o  t h e  n e x t  s e c t i o n . "  I t  w a s  8:07 a n d  some t h i r t e e n  

m i n u t e s  r e m a i n e d  i n  t h e  l e c t u r e .  S e c t i o n  2 . ?  dealt w i t ? :  



i n s t r u c t o r  s a i d  w i z h  good humour, , 'Think t h e r e  i s  a n y  - - - I . - -  u s - L C  

i n  c a l c u l a t i n g  f o u r t h ,  f i f t h ,  s i x t h ,  s e v e n t h  d e r l v a t  l v e s ?  

Nod y o u r  h e a d s .  T h e r e  i s  some v a l u e  t o  i t . "  B a t  t h e  

a p p l i c a t i o n s  o f  t h e s e  k i g h e r  d e r i v a t i v e s  would be f c , a n d  1:. 

a c c e l e r a t i o n  a s  t h e  s e c o n d  d e r i v a t i v e  o f  t h e  p o s i t i o n - z i x e  

l i t t l e  b i t  of  s t r a n g e  n o t a t i o n "  o f  ~ a t e r  i r  =he 
dx2 . 

dv 
d (-) 

", s. 
t h r o u g h  a  p o s s i b l e  h i s t o r y  o f  how it e v o l v e d  f ro? .  - a :i 

H i s  c o n f e s s i o n  t h a t  he was making up  t h e  s t o r y  b r o u g h t  for::-, 

l a u g h t e r  f r o m  t h e  c l a s s .  

C a t h e r i n e  i n t e r : e c t e d  w i t h  a  q u e s t i o n  a b o c t  h i g h e r  o r d e r  

d e r i v a t i v e s  o f  n o n - f u n c t i o n a l  r e l a t i o n s .  The i r s ~ r c c t o r  zoo:-: 

a  moment t o  r e p l y  t o  h e r .  T h i s  was a n  i n t e r e s r i n q  i z s t a n c e  

o f  c l a s s  t i m e  b e i n g  d e v o t e d  t o  a n  i n d i v i d u a l ,  2s I S . L S n e C t  

h e r  q u e s t i o n  h a d  n o t  o c c u r r e d  t o  o t h e r  s t u d e n t s .  

The c l a s s  c o n c l u d e d  w i t h  t h e  i n s t r u c t o r  t e l l i n 9  u s  t?.a:, 

" Y o u ' v e  g o t  e n o x g h  to g e t  in t h e r e  now a n d  r e a d .  S t u d y  t h s s e  

t w o  s e c t i o n s  a n d  d o  t h e  odd p r o b l e m s . "  T h i s  s t r u c k  m e  2s a? 

i n t e r e s t i n g  i n s i g h t  i n t o  t h e  i n s t r u c t o r ' s  c o n c e p t  t h e  role 

h i s  l e c t u r e s  p l a y e d  i n  t h e  c o u r s e .  



F i v e  o f  u s  c o n t i n u e d  t o  t h e  s e c o n d  t u E o r i a l  s e s s i o r .  The 

T A  h a n d e d  b a c k  t h e  r m r k e d  a s s i g n m e r i t s  t o  t h e  c o r r e c z  

s t u d e n t s ,  i n d i c a t i n g  t h a t  h e  h a d  a l r e a d y  i d e n t i f i e d  t h e  

p a r t i c i p a n t s  i n  t h e  smal le r ,  s e c o n d  t u t o r i a l .  3 u i l d i - g  or. 

h i s  e x p e r i e n c e s  f r o r ,  t h e  e a r l i e r  s e s s i o n ,  t h e  TA i n i t i a t e d  

d i s c u s s i o n s  w i t h  ~s b a s e d  o n  t h e  q u e s t i o n s  a n d  i s s u e s  b r o c q h t  

u p  i n  t h e  f i r s t  h o c r .  One s t u d e n t ,  Thomas ,  a s k e d  , h e  "2 tc 

g o  t h r o u g h ,  s t e p  b y  s t e p ,  t h e  t r i g o n o m e t r y  i n v c l v e d  ix cne  

s o l u t i o n .  A n o t h e r  s t u d e n t ,  c o m m e n c i n g  t h a t  t h e  "A h a d  c o n e  

t h i s  t o  u s  l a s t  t i r e ,  l a m e n t e d  t h e  T A ' s  u s e  o f  a l i r P i t  r _ l e  

t h a t  was " n o t  o n  t h e  l i s t " .  T h e  r u l e  u s e d  t u r z e d  o u t  C o  be s 

s p e c i a l  case  o f  o n e  t h a t  was  l i s t e d  i n  t h e  t e x c .  

B o t h  s t u d e n t s  a n d  t h e  TA r a i s e d  i s s u e s  a b o x t  w h a t  s a s  Z L  

be o n  t h e  u p c o m i n g  m i d t e r m .  Thomas  a n d  C a t h e r i n e  a s k e 6  far 

h e l p  i n  f i n d i n g  g e n e r a l  s o l u t i o n s  t o  t r i g o n o m e ~ r i c  e q L a t i o ~ . s  

a n d  Thomas  h a d  a d d i t i o n a l  q u e s t i o n s  a b o u t  t h e  d i f f e r e n t i z t i c ;  

of  a b s o l u t e  v a l u e  f u p . c t i o n s  ( a n d  p o i n t s  w h e r e   he f u n c ~ i c r s  

a r e  n o t  d i f f e r e n t i a b l e ) .  By t h e  e n d  o f  t h e  h o a r  t h e  T A  h a d  

r e s p o n d e d  t o  q u e s t i o n s  a r i s i n g  f r o m  a  w i d e  r a n g e  o f  

m a t h e m a t i c a l  t o p i c s .  

p r i o r  t o  t h e  l e c t u r e  o n  October I, I h a d  a- o p p c r c u n i t y  

t o  t a l k  w i t h  s eve ra l  s t u d e n t s .  C a t h e r i n e  h a d  a t z e n d e d  t h e  

,. 
c a l c u l u s  l a b  a t  t h e  ~ u r n a b y  c a m p u s  a n d  f o u n d  i~ v e r y  u s e r z , .  

David, a s t u d e n t  who was w o r k i n g  n i g h t  s h i f t s ,  s p o k e  c o  ~ . e  

a b o u t  h i s  t i m e  m a n a g e m e n t  c o n c e r n s .  H e  w a s  g e c t i n g  t h e  



c o r r e c t  s o l u z i o n s  f o r  t h e  a s s i g n e d  problems,  but  he f e l r  ir 

was t a k i n g  him t o o  l o n g .  One s t u d e n t  I spoke w i t h  was 

a u d i t i n g  t h e  c o u r s e .  He a t t e n d e d  l e c t u r e s ,  bu: d i d  not  dc 

t h e  a s s i g n m e n t s .  Nor d i d  he i n t e n d  t o  w r i t e  t h e  t e s t s .  

The i n s t r u c t o r  began once a g a i n  wi th  a  f i v e  t o  t e n  

minute review of  t h e  i s s t  l e c t u r e  and then  begar  co  her:< 

t h r o u g h  p o s i t i o n - v e l o c i t y - a c c e l e r a t i o n  l i n e a r  mction 

t 
p rob lems .  The p o s i t i o n - t i m e  f u n c t i o n  was s ( t )  = 7 . 

U 9 - t  

D i f f e r e n t i a t i n g  t o  f i n d  t h e  v e l o c i t y  and a c c e l e r a t i o -  

f u n c t i o n s  invo lved  r a t i o n a l  exponents ,  formal  d i f f e r e c t i a r i o r  

and r a t i o n a l  e x p r e s s i o n s .  In t h e  mids t  of g e n e r a l  silezce, 

one s t u d e n t  r a i s e d  a  q u e s t i o n  about  t h e  a l g e b r a i c  

s i m p l i f i c a t i o n s .  While I had s e r i o u s  doub t s  about  how ~ , u c k  

a l g e b r a i c  man ipu la t ion  was a p p r o p r i a t e  i n  t h i s  i n s t a n c e ,  - , -  

c l a s s m a t e s  seemed t o  f e e l  i t  was p a r t  and p a r c e l  o f  the 

Course m a t e r i a l  and t r i e d  t o  master  i t .  On t h e  o t h e r  hand, 

3 - - 
when t h e  i n s r r u c t o r  asked f o r  t h e  v a l u e  of 25' t h e r e  i<EiS zc 

r e sponse  from t h e  c l a s s  and he had t o  s u ~ p l y  t h e  a n s w r .  

Concerning s i m p l i f i c a t i o n  of d e r i v a t i v e s ,  t h e  i r s t r c c t z r  

o f f e r e d  t h e  f o l l o w i n g  neca-comment, " I f  you h a v e n ' t  a l reach .  

d i s c o v e r e d  i t ,  if  you have t o  t a k e  more t h a n  one d e r i v a t i v e  

[second and t h i r d  o r d e r  d e r i v a t i v e s ]  it i s  much e a s i e r  t o  

s i m p l i f y  t h e  f u n c t i o n  and d i f f e r e n t i a t e  t h e "  it i s  t o  zake ai .  



. - ,  uns imp l i f i ed  f u n c t i o n ,  d i f f e r e n t i a t e  i t  and tken s:zc,;f;- i: 

a t  t h e  e n d . "  

Completing t h e  problem, t h e  i n s t r u c t o r  asked t h e  c l a s s  

i f  t h e r e  was a  term i n  physics  f o r  t h e  r a t e  of change of 

a c c e l e r a t i o n  w i t h  r e spec t  t o  t ime .  In my r o l e  a s  a  s tudenr  I 

responded w i t h  the c o r r e c t  term, j e r k .  This i n t e r a c t i o n  wi:? 

t h e  i n s t r u c t o r  e:<emplif ied t h e  comfortable r e l a t i o n s h i p  ~ h l z ? .  

e x i s t e d  between u s .  

Before t h e  l e c t u r e ,  Catherine spoke t o  me about worklnq 

on a p p l i c a t i o n  problems.  She f e l t  i t  was necesssry  t o  

"reduce t h e  problems t o  jus t  numbers". Trying t o  rernair 

cognizant  of ~ h e  r e a l  world s i t u a t i o n  under lying t h e  

mathematical  nodel  j u s t  complicated t h e  problems f o r  h e r .  

While working through t h i s  example, t h e  i n s t r u c r o r  ?ad ~ a k e z  

what I considered a  r a t h e r  c a v a l i e r  approach t o  i d e c t i f y i n g  

u n i t s  and i n t e r p r e t i n g  a l g e b r a i c  r e s u l t s  i n  terms of :he 

model. For example, t h e  a c c e l e r a t i o n  func t ion  a(:) was 

nega t ive  f o r  a l l  t>O. There was nc mention of what t h i s  

s i g n i f i e d  i n  terms of t h e  p a r t i c l e ' s  motion. I founs t n i s  

approach t o  a p p l i c a t i o n s ,  both by s tuden t  and i n s t r c c t o r ,  t , z  

be worrisome, e s p e c i a l l y  i n  l i g h t  of t h e  c a l c u l u s  r e f o r ?  

movement's condemnation of "plug and chug" c a l c u l u s .  

The next  s e c t i o n ,  2 . 8 ,  concerned r e l a t e d  raEes p rok lens  . 

. . 
In h i s  preamble, t h e  i n s t r u c t o r  s t r e s s e d  t h a t  us ing :he cnr:: 

r u l e  was c e n t r a l  t o  t h e  s o l u t i o n  of such problems. 2e a l s c  



e m p h a s i z e d  t h a t  " e v e r y w h e r e  you see t h e  word r a t e  iE 

m a t h e m a t i c s  . . .  i t ' s  2 derivative". 

The i n s t r u c t o r  g a v e  a f o u r  s t e p  f o r m a t  f o r  s c l ~ ~ i n s  

. . 
r e l a t e d  r a t e s  p r c b l e r n s .  He s g g g e s t e d  t h a t  h i s  f c r 3 a z  .$~c-:c 

b e  somewhat e a s i e r  t o  u s e  t h a n  t h e  n o r e  e l a b o r a t e  scheme 

o u t l i n e d  i n  t h e  t e x t .  The c h o i c e  o f  s o l u t i o n  f c r n a c  xas l e f t  

t o  t h e  s t u d e n t .  Some t i m e  was s p e n t  l i s t i n g  t h e  focr s z e o s  

L C L - .  on t h e  o v e r h e a d  ar,d then e x p l a i n i n g  e a c h  s t e p  i n  d e - - < '  

F i n a l l y ,  a n  e x a m p l e  f r o m  t h e  t e x t  was c i t e d .  The 

i n s t r u c t o r  sugges:ed t h a t  if w e  h a d  o u r  t e s t b o o k r  w i t h  , s f  we 

s h o u l d  l o o k  up  t h e  p r o b l e m .  E v e r y  s i n g l e  o n e  o f  u s  h a d  :he 

t e x t  w i t h  u s  t h a t  e v e n i n g !  The i n s t r u c t o r  r e a d  a z d  expan jed  

on  t h e  p r o b l e m ,  a s k i n g  u s  q u e s t i o n s  t o  g e t  t h e  c l a s s  

i n v o l v e d .  

A f t e r  d e v e l o p i f i g  a  d i a g r a m  a n d  d e t e r m i z i n g  d hick r a z e s  

w e r e  a l r e a d y  g i v e n  i n  t h e  prob:em, t h e  i n s t r u c r o r  t ~ r ? e d  his 

a t t e n t i o n  t o  what  I c o n s i d e r e d  t h e  c r u x  o f  r e l a ~ e s  r a t e s  

p r o b l e m s  : e s t a b l i s h i n g  a  d i f f e r e n t i a b l e  r e l a t i o n  b e t w e e n  t k e  

t h e  f u n c t - i o n s  whose d e r i v a t i v e s  were  g i v e n  a s   he " r e l a t e d  

r a t e s " .  T y p i c a l l y ,  t h i s  i n v o l v e d  u s i n g  b a c k g r o u l d  

m a t h e m a t i c s .  T h a t  i s ,  m a t h e m a t i c s  l e a r n e d  i n  h l g k  s ~ h o ~ l .  

I n  t h i s  e x a m p l e ,  e v e n  w i t h  h i n t s  a n d  q u i d a r c e  fr:rr t h e  

, , 

i n s t r u c t o r ,  t h e  s t u d e n t s  were  u n a b l e  t o  i d e n t i f y  t h a t  s lm: lar  

t r i a n g l e s  w e r e  i n v o l v e d .  S t u d e n t  r e s p o n s e s  s u g g e s t e d  t h a r  



t h e y  wanted t o  u s e  mathemat ics  more s o p h i s t i c a t e d  t h a n  

e l e m e n t a r y  geomet ry .  

Developing  t h e  s o l u ~ i o n  t o  t h i s  p roblem f i r i s h e d  ti--e 

f i r s t  hour  o f  l e c t c r e .  J u s t  a f t e r  d e c l a r i n g  a  r e r !  rr.i::.::e 

r e c e s s ,  t h e  i n s t r u c t o r  a d v i s e d  u s  of  t h e  problem I n  t h e  t e> : r  

w e  would be  working on n e x t  i f  w e  wished t o  p r e v i e x  i z .  As 

u s u a l ,  t h e  i n s t r c c t c r  s p e n t  t h e  r e c e s s  a n s w e r i n g  s t u d e n t  

q u e s t i o n s .  

. - 
The second  r e l a t e d  r a t e s  problem i ~ v o l v e d  a p  a l r p ~ c n e .  

There  was a  q u e s t i o n  abou t  whether  t h e  c o n s t a n z  z ~ e e a  sf t h e  

a i r p l a n e  was a i r s p e e d  o r  ground s p e e d .  When 1t came t i ~ . e  t:, 

" r e l a t e  t h e  r a t e s "  i n  t h i s  problem,  t h e  i n s t r u c t o r  a sked  t h e  

c l a s s ,  "What do you do? What i s  your  c r u t c h  f o r  f i n d i n g  r h e  

r e l a t i o n s h i p ,  u s u a l l y ? "  Faced w i t h  s i l e n c e ,  he  r e f e r r e d  us  

back t o  t h e  d iagram,  which was supposed  t o  " g i v e  q r e z t  

i n s i g h t  i n t o  s o l u t i o n  t o  t h e  p rob lem" .  Using t h e  a i a g r a R ,  

s e v e r a l  s t u d e n t s  made s u g g e s t i o n s  f o r  e s t a b l i s h i n g  :he 

a p p r o p r i a t e  r e l a t i o n s h i p s .  N o  one t h o u g h t  t o  u s e  t h e  L a w  of 

C o s i n e s ,  s o  t h e  i n s t r u c t o r  had t o  p o i n t  i t  o u t .  Ever a f ~ e r  

e s t a b l i s h i n g  t h e  r e l c t l o n s h i p  t o  be  d i f f e r e n t i a t e d  u s i ? ?  cLe 

L a w  o f  C o s i n e s ,  t h e r e  were s e v e r a l  q u e s t i o n s  f rom t h e  c l a s s  

s u g g e s t i n g  t h a t  n o t  eve ryone  was c o m f o r t a b l e  w i t h  t h e  ;a;<. 

Push ing  ahead ,  t h e  i n s t r u c t o r  had h i s  r e l a t i o n s h i s  oz  

t h e  o v e r h e a d .  When he s a i d  t h a t  i m p l i c i t  d i f f e r e n t i a t l ~ n  waz 

t h e  n e x t  s t e p  t h e r e  was ne rvous  l a u g h t e r  f rom t h e  c l a s s ,  t o  



w h i c h  h e  r e p l i e d ,  " S o r n e ~ i m e s  i t ' s  a m u s i n g .  Buz I cio.-,'z - - - - -  I?iC1l. - 

t o  l o s e  y o u .  Co you a n d e r s t a n d  w h e r e  I ' m  goin:  T O ? "  Sr.e 

s t u d e n t  r e s p o n d e d  t o  t h i s  b y  s a y i n g  that t h e r e  w o u l d  be 3ze 

q u e s t i o n  l i k e  t h i s  f o r  t h e  ( e n t i r e )  e x a x .  The  i n s t r u c t c r  

c o u n t e r e d  b y  g E a r a n t e e i n g  t h a t  t h e r e  wou ld  b e  o n e  q u e s t i o n  35 

t h i s  t y p e  o n  t h e  e x a m i n a t i o n .  

A f t e r  c o m p l e t i n g  t h e  s o l u t i o n  t o  t h i s  p r o b l e m ,  t h e  

i n s t r u c t o r  a d d e d ,  " I  t h i n k  you  c a c  a p p r e c i a t e  = h a t  s o E e  of  

- ,  t h e s e  p r o b l e m s  c a r  b e  c h a l l e n g i n g . "  He c l a s s i f i e d  t h e  r l r s ~  

p r o b l e m  a s  b e i c g  e a s y  a n d  t h e  s e c o n d  o f  b e i n g  sf medium 

d i f f i c u l t y ,  w i t h  some h a r d e r  p r o b l e m s  L O  b e  f o . ~ n d  i n  x h e  

e x e r c i s e s .  When o n e  s t u d e n t  s u g g e s t e d  a n  e a s i e r  a p p r o a c k  E Z  

t h e  s e c o n d  p r o b l e m ,  t h e  i n s t r u c t o r  a g r e e d  w i t h  k i n ,  bcx 

s t r o n g l y  recommended t h a t  we f o l l o w  t h e  p r o b l e ~ .  s o l v i r g  

p a t t e r n  t h a t  h e  h a d  g i v e n  u s  o r  t h e  o n e  i n  t h e  Z e x t .  

My f i e l d  n o t e s  of t h e  l e c t u r e  i n c l u d e  my own s o l s t l o n s  

t o  t h e  two p r o b l e m s .  I was u n a b l e  t o  r e s i s t  t h e  t e r n ? t a t i o "  

o f  t h e  r e l a t e d  r a t e s  p r o b l e m s ,  s o  t h a t  i n s t e a d  cf r e c o r d i n g  

wha t  t h e  i n s t r u c t o r  w a s  p r e s e n t i n g ,  I i n d u l g e d  m y s e l f  i: s o n e  

p l e a s a n t  p r o b l e m  s o l v i n g .  A n o t h e r  i n s t a n c e  o f  xy  t e a c h e r  

p e r s o n a  d o m i n a t i n g  t h e  r e s e a r c h e r  f o r  t h e  moment .  

A t  9: 10, w i t h  t e n  m i n u t e s  r e m a i n i n g ,  t h e  ~ ? S ~ ~ E C C , ~ Z  

i n t r o d u c e d  t h e  n e x t  t o p i c ,  d i f f e r e n t i a l s  a n d  l i n e a r  

a p p r o x i m a t i o n s .  I n  p a s s i n g ,  h e  r e f e r r e d  t o  "one  o f  t h e  mosz 

i m p o r t a n t  b r a n c h e s  o f  m a t h e m a t i c s " ,  n u m e r i c a l  a n a l y s i s  a2C 



t h e  r o l e  o f  a p p r o x i m a t i o n  i n  t h e  f i e l d .  T h e r e  w a s  exu:?. 

t i m e  t o  e s t a b l i s h  a d i a g r a m  a n d  d e f i n e  t h e  d i f f e r e n t i a l s  of r r  

a n d  y . 

A s  t h e  c l a s s  d i s p e r s e d ,  t h e  i n s t r u c t o r  s p o k e  t o  s e ; - e r s l  

s t u d e n t s ,  " F r o m  t h e  q u e s t - i o n s  y o u  a s k  m e ,  i t ' s  n o t  the 

c a l c u l u s  t h a t  i s  s l o w i n g  y o u  d o w n .  I t ' s  t h e  a l g e b r a .  "cc 

s h o u l d  d o  many ,  many q u e s t i o n s . "  

T h e  T A  b e g a n  t h e  6:30 t u t o r i a l  s e s s i o n  o n  C c t o b e r  2 

w i t h ,  " A r e  y o c  r e a d y  f o r  t h e  m i d t e r m ? "  T h e  s t u d e c - s  

r e s p o n d e d  w i t h  l a ~ g h t e r .  T h e  TA t a l k e d  a b o u t  wh?'. t i o u q h :  

w o c l d  b e  o n  t h e  m i d t e r m ,  s t r e s s i n g  t h e  i m p o r t a ~ c e  of  k e i n ~  

a b l e  t o  u s e  t h e  c h a i n  r u l e .  D u r i n g  t h i s  d i s c u s s i o r .  0-2 

s t u d e n t  t o o k  i t  u p o n  h i m s e l f  t o  c l o s e  t h e  d o o r  t o  t h e  

c l a s s r o o m ,  a s  t h e r e  w a s  c o n s i d e r a b l e  i n c i d e n t a l  r o i s e  f r ~ ~  

t h e  c o r r i d o r s .  ~ h i r t e e n  s t u d e n t s ,  i n c l u d i n g  m y s e l f  w e r e  i? 

a t t e n d a n c e .  

T h e  TA h a d  a l r e a d y  s e t  u p  a p r o b l e m  o n  t h e  c h a l k b s ~ r d  tc 

i l l u s t r a t e  t h e  u s e  o f  t h e  c h a i n  r u l e .  C u r i n g  t h e  d e - ~ e l c p n e n t  

of t h e  s o l u t i o n ,  I n o t e d  t h a t  t o n i g h t    he s t u d e n t s  see rced  

P a r t i c u l a r l y  a n x i o u s  t o  b e  a c t i v e l y  i n v o l v e d .  S e v e r a l  %ere 

u n a b l e  t o  r e s t r a i n  t h e m s e l v e s  f r o m  o f f e r i n g  COrPmentS a n 5  

S u g g e s t i o n s .  C c r i o u s i y ,  d u r i n g  a s e c o n d  e r a T . p l e  i 2 v ; l ; i r q  

i m p l i c i t  d i f f e r e n t i a t i o n ,  t h e  TA s o l i c i t e d  s t u d e r t  c o n . m ? n t s ,  

b u t  w a s  c o n f r o n t e d  w i t h  a  t i r e d ,  q u i e t  g r o u p  o f  i n d i v i c i ~ a l s  

i n s t e a d .  



cit- 
A t  t h e  c o r n p l e t i o r  o f  t h e  s e c o n d  e x a m p l e ,  f i n d  -- - = - -  '- - z ' 9 E 

- 
i- 

r e l a t i o n  v'x+y + \ I x ~  = 5 ,  t h e  TA s t o p p e d  w i t h ,  "The r e s ,  i s  

j u s t  a l g e b r a .  Wocici you l i i e  m e  r o  f i n i s h ? "  Zrle s r , c e r r  

r e p l i e d ,  "Yes p l e a s e , " ,  w h i i e  a n o t h e r  s t u d e n t  x d z t e r e 5 ,  '';;s: 

a l g e b r a ! "  a s  a  m i l d  e x p l e t i v e .  Most o f  t h e  s t . ~ d e n t s  

c o n s c i e n t i o u s l y  c o p i e d  f rom t h e  c h a l k b o a r d  t h e  a l g e b r a i z  

s t e p s  s u p p l i e d  b y  t h e  TA. I w r o t e  " d e a t h  b y  a l g e b r a i c  

m a n i p u l a t i o n "  i n  m y  f i e l d  n o t e s .  

A s  t h e  TA worked t h r o u g h  a  s e c o n d  i n p l i c i r  

d i f f e r e n t i a t i o n  p r o b l e m ,  t h i s  t i m e  i n v o l v i n g  t h e  r e l a t i c n  

xy - cot ( x y )  I n o t e d  with a p p r o v a l  how t h e  TA x a s  

h i g h l i g h i i n g  t h e  s i g n i f i c a n t  a s p e c t s  o f  t h e  t h e  s o l ~ ~ i o ? .  

F o l l o w i n g  t h i s ,  o n e  s t u d e n t  a s k e d  t o  TA co e x p l a i r ,  n o t  

how t o  d o  a p r o b l e m ,  b u t  what t h e  p r o b l e m  was ask5r .g .  r w o  

t h i n g s  o c c u r r e d  t o  me h e r e .  The p r o b l e m  b e i n q  d i s c u s s e d  x a s  

a n  o d d  numbered i t e m  at t h e  e n d  o f  t h e  p r o b l e ~  s e t  f o r  

s e c t i o n  2 . 4 .  B e i n g  a n  odd  nuinbered p r o b l e m ,  i Z  X Z S  ene Z h z t  

t h e  i n s t r u c t o r  s c g g e s t e d  i h e  s t u d e n t s  work o n .  But  : > i s  

p a r t i c u l a r  p r o b l e m  seemed t o  me t o  go beyond t h e  e x p e c z a t i o ? ~  

o f  t h e  c o u r s e .  S e c o n d l y ,  t h e  s o l u t i o n  t o  t h e  p r o b i e z  

i n v o l v e d  r e c o g n i z i n a  t h e  t h e o r e m  t h a t  i f  f (x) = ( x )  t k e ~  

f' ( x )  = g 1  (x) for d i f f e r e ~ t i a b l e  f u n c t i o n s .  The TA pointed 

t h i s  o u t  a s  an i n t u i t i v e l y  o b v i o u s  p r i n c i p l e .  



I w o n d e r e d  i f  wor!<ir .g  o n  p r o b i e n s  s u c h  a s  t h i s  ?,ic?.: F:: 

my c lassmates  i n  j e o p a r d y  n o t  o n l y  i n  terms o f  t i m  

m a n a g e m e p t ,  b u t  a l s o  s e l f - c o n f i d e n c e .  

A f t e r  t h e  t u t o r i a l  I s p o k e  w i t h  o n e  st:de?: i n  t h e  f ~ r s :  

of s e v e r a l  c o n v e r s a t i o n s  w e  w e r e  t o  h a v e .  H i s  name wzs 

. , 

M i c h a e l  a n d  h e  w a s  w o r k i n g  f u i l  t i m e  a s  w e l l  a s  t a K l n 9  

c o u r s e s  ( s u c h  as  t h i s  o n e )  f o r  a M.Sc. p r o g r a m  i n  S c s i n e s s  

M a n a g e m e n t .  M i c h a e l  was p h y s i c a l l y  i d e n t i f i a b l e  t o  r.e i? r h e  

, . , - c l a s s  b e c a u s e  h e  w a s  a l w a y s  i n  b u s i n e s s  a t t i r e  w ~ t ?  a b r i e r  

c a s e .  H e  i n v a r i a b i y  s a t  i n  t h e  f i r s t  r o w  d u r i - 9  - e c t a r e s  s:.c 

, . w o r k e d  v e r y  h a r d  t h r o u g h o c t  b o t h  l e c t u r e s  a n d  C c r z r l a - s .  

P r i o r  t o  t h e  l e c ~ g r e ,  t h e  i n s t r u c t o r  a n d  ?A s p e r c  s o ~ s  

t i m e  d i s c u s s i n g  t h e  t r a n s f e r  o f  a s s i g n m e n t s  a n d  i n f o r m a t i o n  

b e t w e e n  e a c h  o t h e r .  T h e r e  w a s  e v e n  s o m e  discussion ~f _ s i n g  

t h e  u n i v e r s i t y   mail s e r v i c e ,  e x c e p t  t h a t  t h e  u n i v e r s i t y  w a s  

i n  t h e  p r o c e s s  o f  c o n v e r t i n g  t o  a UNIX O p e r a t i ~ g  S y s t e m  i ~ l t k  

w h i c h  t h e  i n s t r , j c t o r  w a s  n o t  y e t  f a m i l i a r .  T h e  q u e s t i o :  

i n s t r u c t o r I T A  ~ o ~ m u n i c a t i o n  w a s  s o m e t h i n g  I h a d  n o t  

c o n s i d e r e d  i n  d e t a i l  p r i o r  t o  t h i s  s t u d y .  

T h e  l e c t u r e  b e g a n  w i t h  a r e v i e w  o f  t h e  i n s t r u c t a r ' s  

d e f i n i t i o n  o f  t h e  d i f f e r e n t i a l s ,  d x  a n d  d y .  T h e  i n s t r c e z c r  

e m p h a s i z e d  t h a t  d y  w a s  a f u n c t i o n  of t w o  i n d e p e n d e ~ t  

v a r i a b l e s ,  x a n d  d x .  I w o n d e r e d  i f  t h i s  was coo s u b ~ l e  f c r  

. - 
t h e  m a j o r i ~ y  of  my c l a s s m a t e s .  T h e r e  w a s  r e l l e r  c'n my ~ z r z  

when  s e v e r a l  m i n u t e s  l a t e r  h e  o f f e r e d  a n  a l t e r n a t e  



d e s c r i p t i o n  o f  ay i n  t e r m s  o f  t h e  i c c a l l y  l i r . e a r  n a t u r e  o f  

c o n t i n u o u s  f u n c t i o n s .  A s e c o n d  c o ~ y c e r n  I had was  ~ k e  

t e n d e n c y  o f  t h e  c o c r s e  t o  i n t r o d u c e  a n  a b s t r a c t ,  q e n e r z l l z e s  

s i t u a t i o n  f i r s t  aria to work t h r o u c h  " c o n c r e t e "  e x a m p l e s  



The i n s t r u c t o r  c h o s e  t o  work t h r o u g h  a n  approximat:a: .  ef 

6. D u r i n g  : h i s  d e v e l o p m e n t ,  h e  made c o n s t a n t  r e f e r e n c e  zc 

t o  make h i s  n o t e s  c a n s i s t e n t  w i t h  t h e  t e x t b o o k .  A g a i n ,  

g e n e r a i i z i n g  t o  t h e  l i n e a r i z a t i o n  o f  a  f u n c t i o n ,  the 

1 - 
0 w a s  a p p r o x i m a t e d  ~ s i r ~ c j  f ( x )  = x -  a n d  x: = 81 

A l s o  a g a i r ,  e v a i u a t i n g  r a t i o n a l  e x p o n e n t s  p r o v e d  a r  

a r i t h m e t i c  b a r r i e r  for t h e  c l a s s .  A l t h o u g h  a  s t u d e n :  % a s  

4- 
ab le  t o  c o r r e c t l y  e v a l u a t e  V 8 1  t h e r e  was s i l e n c e  when t k e  

- 
./ 

i n s t r u c t o r  a s k e d  f o r  t h e  v a l u e  o f  814 . "What i s  8 1  to :ke ' 4 



a s s i g n i n g  t h e  odd-numbered problems i n  t h e  s e c z i o ? ,  5e 

. - 
a d v i s e d  us  t h a t  n e x t  week 's  midter-n would cover  t o  t h e  .-?a z r  

t h i s  s e c t i o n .  

The ~ r o b l e s  i n  t h e  book d e a l t  with t h e  ma:,:irnur. e r r c r  

t h a t  would occur  i n  t h e  a r e a  of a  c i r c l e  whec t h e  m a x l x u ~ ,  

e r r o r  i n  t h e  vaijde o f  t h e  r a d i u s  was known. Even thocg?  t i r . e  

was running s h o r t  i n  t h e  c l a s s ,  t h e  i n s t r u c t o r  d i d  t a k e  z i z e  

, 7 

t o  p o i n t  o u t  t h a t  t h e  r a t e  of change of t h e  a r e a  o f  a  c ~ r c - e  

w i t h  r e s p e c t  t o  t h e  r a d i u s  i s  numer ica l ly  e q u a l  t o  t h e  

c i r c u m f e r e n c e .  

The l e c t u r e  concluded wi th  t h e  c a l c u l a t i o n  of  r h e  

maximum e r r o r s  a s  p e r c e n t a g e s .  Although i t  was c l e a r  fro? 

t h e  computed v a l u e s ,  i c  was n o t  p o i n t e d  ou t  t h a t  t h e  perter,: 

e r r o r  i n  a r e a  was t w i c e  t h a t  of t h e  r a d i u s .  I wondere3 i-.2>: 

many of my c l a s s m a t e s  were t a k i n g  l a b o r a t o r y  s c i e n c e  cs>drs?s  

and,  i f  t h e y  were, d i d  t h e y  recogn ize  t h i s  a s  one of  :he 

r u l e s  f o r  c a l c c l a t i n g  exper imen ta l  e r r o r s .  

A f t e r  t h e  l e c t u r e  I s p e n t  more t ime s p e a k i ~ g  wi:h 

Michae l .  He was i n t e r e s t e d  i n  t h e  r e l a t i v e  m e r i t s  of  two 

t y p e s  of s u p e r - c a l c u l a t o r s  I had brocght  t o  c l a s s .  

There was a n o t h e r  a s p e c t  t o  t h i s  evening  which i n d i z e z e e  

how much I had swsng co t h e  p a r t i c i p a n t  s i d e  of  xhe 

p a r t i c i p a g t - o b s e r v e r  pendulum i n  r ,y  s t u d i e s .  mCaz5er:~:e, . v , : > . ~ ~ -  

I had been g i v i n g  r i d e s  home i n  t h e  evening and who I 

r e g a r d e d  a s  a  "key in fo rmant" ,  d i d  no t  a t t e n d  e i t h e r  t h e  



l e c t u r e  o r  t u t o r i a l  t h a c  e v e n i n g .  I h a d  s e e n  h e r  l e a v e   he 

campus  j u s t  a s  I a r r i v e d  a t  6:30. I wou ld  l a t e r  l e a r n  :?st 

a n  u p h e a v a l  i n  h e r  p e r s o n a l  l i f e  h a d  c a u s e d  h e r  r o  n i s s  

c l a s s e s  t h a t  e v e n i n g .  Catherine, a w a r e  t h a t  I ~ s c l d  b e  

. . 
c o n c e r n e d  a b o u t  h e r  a b s e n c e ,  h a d  l e f t  a m e s s a g e  for T,e >;::.z 

a n o t h e r  s t u d e n t .  T k e r e  was a l s o  a  r e q u e s t  f r o ?  h e r  r F L a t  I 

make n o t e s  on  t h e  l e c t u r e  s h e  w o u l d  m i s s .  

The  s e c o n d  t u t o r i a l  s e s s i o n  b e g a n  w i t h  3 a v i d  a s k i n c  

a b o u t  t h e  u p c o m i n g  m i d t e r m .  Thomas a n d  D a v i d  were z s l : < i n c  

m"13 7 -  a b o u t  a c q u i r i n g  p r e v i o u s  t e s t s  se t  b y  t h e  i n s t r c z : o r .  -..- -b. 

- ,  

b e g a n  t o  w o r k  t h r o u g h  t h e  e x a m p l e s  h e  h a d  u s e d  i n  t h e  e a r - i e r  

s e s s i o n .  H e  was w o r k i n g  h a r d  t o  r e d u c e  s t u d e n t  a n x i e t y .  

D a v i d  commented  a t  l e a s t  tw ice  t h a t  h e  was "way b e k i n d  

e v e r y o n e  e l s e " ,  a l t h o u g h  h e  h a d  n o  r e a l  e v i d e n c e  o f  t h i s  a n d  

h a d ,  i n  f a c t ,  o n e  o f  t h e  b e t t e r  s e t s  o f  m a r k s  f o r  t h e  c l a s s .  

W i t h  r e s p e c t  t o  a  p r o b l e m  f r o m  a n  e a r l i e r  p r o b l e T  s e z  

whose  m a r k i n g  some o f  u s  h a d  disputed, t h e  TA a n n o u n c e d  tk:at  

. . 
h e  w o u l d  a d d  m a r k s  i f  w e  b r o u g h t  o u r  a s s ignmen :  ZG nir,. 

A l s o ,  h e  s t a y e d  w i t h  u s  b e y o n d  t h e  s c h e d u l e d  o n e  h o u r  a s  ?e 

t r i e d  t o  d e a l  w i t h  s t u d e n t  c o n c e r n s .  

The  n e x t  T u e s d a y ,  O c t o b e r  8 ,  I a r r i v e d  e a r l y  s o  t h a t  I 

C o u l d  v i s i ;  t h e  l i b r a r y  a t  H a r b o u r  C e n t r e  i n  o r d e r  t o  L c c a t e  

-'= t h e  l e c t u r e  t a p e s  a n d  s o l u t i o n  k e y s  f o r  t h e  a s s i q n m e r t s .  ?:.L 

S o l u t i o n  k e y s  were i n  b i n d e r s  a v a i l a b l e  f o r  o n e - h o u r  l o a c . 5 .  

T h e y  were p h o t o c o p i e s  o f  a  c u t  a n d  p a s t e  f r o m  a  s a l c t i c r .  



m a n u a l  f o r  t h e  t e x t ,  r a t h e r  h u r r i e d i y  d o n e .  T i e  t a p e s  w e r e  

a v a i l a b l e  i n  a n  u p s t a i r s  a l c o v e .  Tape  r e c o r d e r s  w i t h  

e a r p h o n e s  w e r e  a v a i l a b l e  i n  s t u d y  c a r r e l s  n e a r b y .  

J u s t  b e f o r e  t h e  l e c t u r e  t h e  i n s t r u c t o r  s p o k e  w i t h  :he 

t e c h n i c i a n  r e s ~ o n s i b l e  f o r  t h e  c l a s s r o o m ' s  o v e r h e a d  e q ~ i p ~ e ~ r  

a n d  f o r  a ~ d i o  t a p i n g  t h e  l e c t u r e s .  The i n s t r c e t o r  a n d  

s t u d e n t s  j o k e d  ~ i t h  e a c h  o t h e r  b r i e f l y .  T h e r e  were alsc 

7 .  

q u e s t i o n s  a b o c t  p r o b l e m s  a n d  a h o u t  w h e t h e r  o r  net  t h e r ?  - ~ ; c c - n  

b e  a t u t o r i a l  s e s s i o n  j u s t  b e f o r e  t h e  m i d t e r m  on  T h u r s d a y .  

The  TA b r o u g h t  i n  t h e  m a r k e d  a s s i g n m e n t  s e t s  a-d  :he 

i n s t r u c t o r  r e t u r n e d  t h e m  t o  s t u d e n t s  b y  c a l l i n g  o u t  z 5 e i r  

n a m e s .  When a  number  o f  s t u d e n t s  d i d  n o t  c l a i m  t h e i r  c a g o r s  

t h e  i n s t r u c t o r  a s k e d  i n  j e s t  w h e t h e r  t h e y  w e r e  ~ a t c h i n g  t r l e  

p o l i t i c a l  d e b a t e   hat e v e n i n g  o r  t h e  B i u e  J a y s  g a m e .  A l s o ,  

t h e  i n s t r u c t o r  c o l l e c t e d  t h i s  w e e k ' s  a s s i g n m e n t s  f r o m  s s .  

T h e s e  were t i m e  c o n s u m i n g  p r o c e s s e s .  

W i t h  a  " l e t ' s  g e t  g o i n g , "  e x h o r t a t i o n  t h e  i n s t r u c : c , r  

b r o u g h t  u s  i n t c  t h e  l e c t u r e .  One s t u d e n t  a s k e d  if i t  x ~ s  

p o s s i b l e  t o  g o  o v e r  l i n e a r i z a t i o n  b e f o r e  p r o c e e d i n q .  The 

r e p l y  w a s  n o ,  a l t h o u g h  h e  r e l e n t e d  w i t h  a  b r i e f  d e s c r i p t i o r .  

" I ,  .. a n d  o f f e r e d  t o  t a l k  with h e r  i n d i v i d u a l l y  l a t e r  o n .  "Ye - ' -  

s o r r y  I c a n ' t  go o n  an17 m o r e .  Not  t h a t  I ' v e  d o n e  a  g r e a t  d e a l  

o n  i t ,  b u t  t h e r e ' s  s o  nuch i n  h e r e  I d o n ' t  h a v e  a x y  more  

t i m e .  " 



The i n s ~ r c c t o r  remixded u s  about  t h e  midterm on Th~rsc iz ; .  

and v e r b a l l y  l i s t e d  t h e  g e n e r a l  t o g i c s  we shou ld  be ex?ec:szi 

t o  e n c o u n t e r .  In r e sponse  t o  a  s t u d e n t ' s  ques t im2n  abo.2: 

, . 
whether  we would be r e s p o n s i b l e  f o r  t r i g o n o m e z r i c  ident:r:es, 

7 -  - t h e  i n s t r u c t o r  commented, " T r i g  i d e n t i t i e s  a r e  g rade  - L .  A 

assume you know them. I ' m  not  going  t o  t e s t  ~ h e v .  

s p e c i f i c a l l y .  . . .  Let me make a  p o i n t ,  s i n c e  s o  T.any of ycc 

have asked  me. ; know t h a t  many of  you have been ou t  o f  

s c h o o l  f o r  some t ime  and h a v e n ' t  done much i n  t h e  Kay of - 7 :  

f o r  a  long  t i m e .  . . . I w i l l  assume t h a t  yoc know 1, c0T.e t h e  

f i n a l  exam. " 

He t h e n  proceeded i n t o  a  d i s c u s s i o n  of ? J ~ ~ L o E ' s  Plezhoc 

( f o r  approx ima t ing  z e r o s  o f  f u n c t i o n s ) .  There iGas a l e n a r k ) .  

d i g r e s s i o n  about  s o l v i n g  e q u a t i o n s  l e a d i n g  i n t o  g e n e r a l  

s o l u t i o n s  o f  polynomials  f u n c t i o n s  and t h e  work of G a l o i s .  

On t h i s  o c c a s i o n ,  t h e  s t u d e n t  b e s i d e  me, David, seemed 

i m p a t i e n t  w i t h  t h i s  p r e s e n t a t i o n ,  a l t h o u g h  he 5ad r e c e i v d  

o t h e r  d i g r e s s i o n s  f a v o r a b l y .  

When t h e  i c s t r u c t o r  began u s i n g  t h e  vocebu la ry  cf 

i t e r a t i v e  appro:>:imations and r e c u r s i o n s ,  I wonciered a s  t o  I?>>. 

many o f  my c l a s s m a t e s  had any s o r t  of background w i x h  r k e s e  

> .  

Concepts  and t e r m s .  The seed  f o r  t h e  i t e r a t i o n s  %as  l z b e l l e 5  

an " e d u c a t e d  g u e s s " .  My response  was t h a t  h e r e  was a r e a l  

a p p l i c a t i o n  f o r  a  g r a p h i c s  c a p a b l e  c a l c u l a t o r .  



T h r o u g h o ~ t  t h e  de-ure:opment o f  Newton ' s M e t k a d ,  rh? 

i n s t r u c t o r  f r e q c e n t l y  e x t o l l e d  t h e  v i r t u e s  o f  r h e  rnet?-oc 

t h e  g e n i u s  o f  Newton .  " T h i s  i s  a  m e t h o d  w h i c h  r e a l l y  ~ m r k s  ir 

-. , s o l v i n g  e q u a t i o n s  f o r  w h i c h  w e  h a v e n ' t  a n y  f o r r ? . u l a s .  -x:s :: 

r e a l l y  n i c e .  " 

The i n s t r u c t o r  s p o k e  a b o u t  t h e  l i m i t  o f  t h e  s e q u e r c e  cf 

v a l u e s  g e n e r a t e d  by t h e  r e c u r s i o n  f o r m u l a  as  " a l m o s t  2 i ~ a ; ; s "  

b e i n g  t h e  z e r o  o f  t h e  f u n c t i o n  ( o r  r o o t s  o f  t h e  e q c a t i o z  1:. 

h i s  n o m e n c l a t u r e ) .  I f  t h e  s e q u e n c e  f a i l e d  t c  c o n v e r g e  cz t h e  

z e r o ,  t h e n  w e  s h o u l d  r e f e r  t o  a l t e r n a t e  m e t h o d s  f r o r -  

n u m e r i c a l  a n a l y s i s .  

Fo l10wir .g  t h i s ,  t h e  i n s t r 7 J c t o r  b e g a n  a l o n g  d i g r e s s i e r  

i n t o  t h e  s o l u t i o n  o f  p o l y n o m i a l  e q u a t i o n s ,  r e f e r r i ~ g  t 3  t h e  

F u n d a m e n t a l  Theo rem o f  A l g e b r a ,  c o m p l e x  C o n j u g a t e  r o o E s  az,d 

r e p e a t e d  r o o t s .  X e  s o u g h t  s t u d e n t  r e s p o n s e s  t o  q u e s t i s n s  

t h r o u g h o u t  t h i s .  

To i l l u s t r a t e  t h e  u s e  o f  N e w t o n ' s  Me thod ,  t h e  i n s t r d c z o r  

S o u g h t  t o  f i n d  t h e  r e a l  r o o t  o f  x3 + x2 - 1 = c .  The  

i n s t r u c t o r  " l o c a t e d "  t h e  r o o t  b e t w e e n  @ a n d  ? by u s i n ?  

B o l z a n o l s  p r i n c i p l e .  xe recommended  a s  a  be tEer  a l t e r ? a t i v e  

/.- ac5 f i n d i n g  t h e  p a i n t  o f  i n t e r s e c t i o n  o f  t h e  c u r v e  = - -  

y = 1 - >:=. ~ s i n g  3 . 7  a s  a n  i n i t i a l  g u e s s ,  h e  b e g a r .  I C e r a c i ~ ;  

u s i n g  h i s  b a s i c  s c i e n t i f i c  c a l c u l a t o r .  X i s  c o m ~ e n t s ,  "-AS a 

m a t t e r  o f  f a c t ,  i f  you  h a v e  a  p r o g r a m m a b l e  h a c d  e a l c ~ l a t o r  

w h e r e  you c a n  p r o g r a m  t w o  f u n c t i o n s  i n t o  i t ,  t h e  f u n c t i c c  a r d  



i t s  d e r i v a t i v e ,  you can save  y o u r s e l f  a  l o t  of t i m e .  Tha:'s 

t h e  way you wocid xan t  t a  do it i n  a  r e a l  s i t u a z i o n ,  h x z  ir 

, - -  
T , >  won ' t  pay o f f  c- a  f i n a l  exam o r  nex t  midterm. Secaase  I f l d L ; -  

a sk  you t o  show t h e  formula and t h i s  k ind  of w ~ r k  h e r z , " ,  

caused  me shake  my head .  Without any programming, b c t  s imcl ;  

keying  i n  t h e  i n i t i a l  v a l u e  and  t h e  r e c u r s i o n  f o r n u l ~  :sing 

ANSWER a s  t h e  v a r i a b l e ,  I was a b l e  t o  complete  :he p r o b l e n  

b e f o r e  he had f i n i s h e d  w r i t i n g  t h e  r e c u r s i o n  formula d o x r .  

Wher, t h e  i n s t r u c t o r  began i t e r a t i n g ,  he kepr: OR:;- r:?zee 

d i g i t s  of t h e  seven g iven  by h i s  c a l c u l a t o r  f o r  - h e  nexz 

, , - .  . , 
i t e r a t i o n .  He d e s c r i b e d  b r i e f l y  why he f e l t  j1~s:lr:eC In 

do ing  t n i s .  

A second example,  s o l v i n g  2cos x  = 2 - x, r e s ~ i r e a  .:si~.c 

, , , -  

g r a p h s  t o  i d e n t i f y  t h e  nxnber o f  r o o t s  and good :nlE:al  

g u e s s e s  f o r  t h e  i t e r a t i o n s .  What a  g r e a t  OpporrXni~Y i c r  z h ~  

use  of  t e c h n o l o g y !  U p -  comple t ing  t h i s  example :5e 

i n s t r u c t o r  commented, "So you can s e e  i z ' s  a  ve ry  powerfu l  

t o o l .  Does it r e a l l y  m a t t e r  - suppose t h i s  was an 

e n g i n e e r i n g  e q u a t i o n  t h a t  you had t o  s o l v e  - i f  yoc have ;he 

r e a l  s o l u t i o n  o r  seven o r  e i g h t  dec imal  p l a c e s ?  3 5  Co,:rse i t  

d o e s n ' t .  Now t h i s  l i t t l e  method i s  s o  p o p u l a r ,  s o  eas:,. t o  

work w i t h ,  yo3 can w r i t e  your own l i t t l e  computer proqram. 

. . . I ' ve g o t  my own l i r t l e  program, i t  ' S  s h e r e x d r e ,  i: p r z ~ ' ? ?  

t h e  f u n c t i o n  f o r  you and a lmos t  i n s t a n t l y  g i v e s  e i g h t  or r e ?  

i t e r a t i o n s . "   is en thus ia sm was p a l p a b l e .  "Wonderful ne thod 



h e r e .  T a k e  a t e n . m i n u t e  b r e a k .  Any q u e s t i o n s  b e f o r e  t h e  

b r e a k ?  T h i s  i s  a i l  I'm g o i n g  t o  s a y  a b o u t  i t . "  

TO my s u r p r i s e ,  d u r i n g  t h e  b r e a k ,  t h e  i n s t r - c t o r  x c s  z5t  

b e s i e g e d  w i r h  q u e s t i o n s  a b o u t  wha t  w a s  on  t h e  r r 1 3 t e r ~ .  ?ex: 

T h u r s d a y .  I n s t e a d ,  a  s t u d e n t ' s  q u e r y  l e a d  t o  a  b r i e f  l e c c x r e  

o n  c o m p l e x  n u m b e r s  a n d  where  o n e  w o u l d  e n c o u n t e r  t h e n  ir. E 

s t a n d a r d  u n d e r g r a d u a t e  m a t h e m a t i c s  p r o g r a m .  

, - 
T h e r e  was  a l s o  some d i s c u s s i o n  a b o u t  t h e  provinc :a :  

p o l i t i c a l  d e b a t e  a n d  t h e  T o r o n t o  B l u e  j a y s  b a s e b a i l  g a x ?  

b e i n g  t e l e v i s e d  t h a t  e v e n i n g .  Even my r e s e a r c h  ' ~ 2 s  

d i s c u s s e d .  

T h e  i n s t r u c t o r  b e g a n  t h e  s e c o n d  h o u r  w i t h  y e t  a n o t ? & e r  

d e c l a r a t i o n  o f  how n i c e  N e w t o n ' s  Me thod  was ,  t h i s  g i e c e  af 

c a l c u l u s  u s e d  in s o l v i n g  " a l g e b r a i c  p r o b l e m s " .  ?le a n s w e r e d  

s e v e r a l  q u e s t i o n s  a b o u t  s o l u t i o n s  o f  e q u a t i o n s .  

C h a p t e r  3 was  i n t r o d u c e d  a s  " a n  a p z l i c a t i o ~  cf the 

d e r i v a t i v e  . . .  t o  1Jse t h e  d e r i v a t i v e  t o  h e l p  u s  s k e t c h  t ? . ~  

g r a p h  o f  t h e  f u n c t i o n u .  R e a s o n s  f o r  s k e ~ c h i n g  ~ h e  g rzp5 . s  

i n c l u d e d  f i n d i n g  t h e  r e l a t i v e  a n d  a b s o l u t e  e x t r e m a .  E x z n p l e a  



The  g r a p h  o f  a  c o n t i n u o u s  f u n c c i o n  on  a  c l o s e d  i r t e r v s l  

w a s  d e v e l o p e d .  C a t h e r i n e  a s k e d  wha t  w o u l d  h a p p e n  i f  i z  w e r s  

a n  o p e n  i n z e r v a l .  The i n s t r u c t o r  r e p l i e d  t h a t  t k i s  was  2 

p r o b l e m  h e  wo.d:c d e a l  w i t h  l a t e r .  L a t e r  h e  s p e n t  some :ine 

d i s t i n g u i s h i n g  b e t w e e n  e x t r e m a  o c c u r r i n g  a t  e n d p o i n t s  z l d  z t  

p o i n t s  i n t e r i o r  t o  t h e  f u n c t i o n  d o m a i n .  

U s i n g  t h e  c o n s t a n t  f u n c t i o n  a s  a n  illustrative e x a ~ p l e ,  

. , t h e  i n s t r u c t o r  p o i n t e d  o u t  t h a t  a b s o l u t e  maxir .a  a n d  ~ , ~ E : T . Z  

n e e d  n o t  b e  u n i q u e .  The  i n s t r u c t o r  i n t r o d u c e d  arid e x p l a i ? e 3  

t h e  symbo: v w h e l  w r i t i n g  t h e  d e f i n i t i o n  o f  a n  a 3 s c l c t e  

maximum o n  a  s p e c i f i e d  d o m a i n .  

A f a i r  amoun t  o f  t i m e  was s p e n t  l o o k i n g  a t  l i m i z i n g  a n d  

s p e c i a l  c a s e s  o f  t h e  d e f i n i t i o n .  I f  t h e  domain  x a s  h a l f - o p e n  

a n d  t h e  n o n - i n c l u d e d  e n d p o i n t  wou ld  h a v e  b e e n  a  maximimum if 

it h a d  b e e n  i n  t h e  d o m a i n ,  t h e n  n o  a b s o l u t e  ! X X ~ Z U T I  e x i s t s  

f o r  t h a t  f c n c t i o n  on  t h a t  d o m a i n .  The  i n s t r u c t o r  Look t i n e  

t o  e x p l a i n  why t h e  maximum wou ld  n o t  e x i s t .  By g z e s z i s c : n q ,  

h e  l e d  t h e  c l a s s  i n  c r e a t i n q  a f u n c t i o n  ( d i s c 0 3 t i 2 ~ 0 u ~ )  xh iz?.  

f a i l e d  t o  h a v e  a b s o l u t e  e x t r e m a .  U s i n g  t h e s e  c o u n t e r e x a ~ . ? l e s ,  

t h e  i n s t r u c t o r  l e d  t h e  c l a s s  t o  t h e  c o n d i t i o n s  o?. t h e  

f u n c t i o n  f i n  t h e  E : i t r e m e  V a l u e  Theorem : I f  f 5 s  c o r ? t i ~ u c . : s  

o n  a  c l o s e d  i n t e r v a l ,  t h e n  f h a s  a n  a b s o l c t e  ma>:i!TI1~IT a n d  2-  

a b s o l u t e  minimup, .  The f a i l u r e  o f  e i t h e r  c o n d i z i a n  f does 

n e c e s s a r i l y  mean t h e  a b s o l u t e  e x t r e m a  d o  n o t  e x i s t ,  b c t  t h e i r  

e x i s t e n c e  i s  n o t  g u a r a n t e e d .  



A s i g n i f i c a n t  number  o f  a s p e c t s  o f  m a t h e m a t i c a l  p r o o f  

w e r e  t o u c h e d  upon  i n  t h i s  d e v e l o p K e n t ,  a l t h o u g k  n o n e  w e r e  

f u l l y  d e v e l o p e d .  The c l a s s  was b e i n g  e x p o s e d  tc t h e  e l e m e r r :  

o f  a m a t h e m a t i c a l  p r o o f  w i t h o u t  e s t a b l i s h i n g  a  f l r n  

b a c k g r o u n d  in t h e  p r o c e s s ,  l a n g u a g e  a n d  n o t a t i o n .  

L a t e  i n  t h e  e v e n l n g  t h o u g h  i t  was ,  t h e  ins t r7 ;c :z r  

q u i p p e d  t h a t  t h e  E x t r e m e  V a l u e  t h e o r e m  w a s  extremely 

i m p o r t a n t ,  a s  i t s  name wou ld  i n d i c a t e .  "Not  g o i n g  t o  p r o - ~ e  

i t .  R o u g h l y  s p e a k i n g ,  t h a t ' s  a b o u t  a f o u r t h  y e a r  l e v e l  

- .  
p r o o f  .'I B u t  c a r e  was t a k e n  t o  e s t a b l i s h  t h e  s t a t r : n e n t  cz zze 

t h e o r e m  w i t h  some r i g o u r .  

We were r e m i n d e d  o n c e  a g a i n  o f  t h e  m i d t e r m  a n d  :has rhs 

TA w o u l d  b e  a v a i l a b l e  t h e  h o u r  b e f o r e .  " P r o b a b l y  i t  w o c l d  b e  

an  h o u r  w e l l  s p e n t  w i t h  h i m . "  

A f t e r  t h e  l e c t u r e ,  t h e  i n s t r u c t o r  r emembered  h i s  p r o n i s e  

t o  r e v i e w  l i n e a r i z a t i o n  w i t h  o n e  o f  t h e  s t u d e n t s  a n d  spen:  

t i m e  w i t h  h e r .  A number  o f  s t u d e n t s  s t a y e d  t o  d i s c u s s  

p r o b l e m s  w i t h  e a c h  o t h e r .  

I a r r i v e d  l a t e  f o r  t h e  t u t o r i a l  S e s s i o n  on  OcL0ber  1':'. 

T h e r e  was c o n s i d e r a b l e  t e n s i o n  i n  t h e  a i r .  The  n u m b e r s  

a t t e n d i n g  t h i s  s e s s i o c  w e r e  l ow  a n d  some o f  t h o s e  vho hzd 

come,  l e f t  e a r l y .  O t h e r s  who r e m a i n e d  a p p e a r e d  n e r v o z s  a-d 

c o n f u s e d .  

The  m i d t e r m  w a s  w r i t t e n  i n  t h e  l e c t u r e  t h e z t r e .  I fsunc-i 

t h e  s ea t s  w i t h  t h e  a r m s  t h a t  f l i p p e d  o v e r  f o r  2 x r i t i n g  



s u r f a c e  t o  b e  q u i t e  c n c o r n f o r t a b l e  a n d  constricting. Ir % a s  

d i f f i c u l t  t o  p l a c e  t h e  q u e s t i o n  s h ' e t ,  e x a m i n a t i s r  b o o k l e t  

a n d  c a l c u l a t o r  i n  a  manne r  c o n d u c i v e  t o  w o r k i n g  e f f i c i e n t : ; . .  

, . 
The t e s t  i z s e l f  z o n s l s t e d  o f  s e v e n  i t e m s  OR t w o  sizes zf 

a  s i n g l e  s h e e t  o f  p a p e r .  ( S e e  ~ p p e n d i x  C . )  The  mark v a l c e  cf 

e a c h  q u e s t i o n  was i n d i c a t e d  i n  t h e  l e f t  h a n d  m a r g i n .  T h e r e  

. .  ? , 

was a t o t a l  o f  f o r t y  n a r k s  a v a i l a b l e .  The  t e s c  x a s  we_-  LZ:C 

Out  a n d  q u i t e  s t r a i g h t f o r w a r d .  A s  my c l a s s m a t e s  c o n f l r n e d  

a f t e r w a r d s ,  t h e r e  w e r e  n o  s u r p r i s e s  on  t h i s  p a p e r .  

A t  t h e  e n d  o f  t h e  h o u r  when t h e  e x a m i n a t i o ~  b o o k l e z s  

,... 
F nF were c o l l e c t e d  t h e r e  was a s e n s e  o f  r e l i e f  i n  t h e  r o o r .  & - -  

t h e  m a j o r i t y  o f  s t u d e n t s ,  t h i s  t e s t  was n o t  a s  d a u n t i ? ?  z s  

t h e y  f e a r e d  i t  m i g h t  b e .  Many s t u d e n t s  r e m a i n e d  b e h ~ n s  a f z e r  

t h e  h o u r  t o  t a l k  w i t h  t h e  i n s t r u c t o r  a n d  e a c h  o t k e r  a b o c t  t ? l e  

m a r k i n g  k e y  a n d  t h e i r  p e r f o r m a n c e  on  t h e  t e s t .  

A s  I d r o v e  C a t h e r i n e  home t h a t  e v e n i n g ,  s h e  e x p r e s s e d  

h e r  f r u s t r a t i o n  w i t h  t h e  o n e  q u e s t i o n  (#7) t h a c  h a d  c a u s e d  

h e r  d i f f i c u l t i e s .  Her comment t h a t  " t h e  i n s t r ' J e t c r  a o z  me" 

i l l u s t r a t e d  t h e  c o n f r o n t a t i o n a l  " s t u d e n t  v e r s u s   he 

i n s t r u c t o r "  a t t i t u d e  w h i c h  I e n c o u n t e r e d  s e v e r a l  t imes d u r l n q  

> - 
t h e  s t u d y .  C a t h e r i n e  b e l i e v e d  t h a t  s h e  was  n o t  d o i n g  a s  biel-  

i n  t h i s  c o ~ r s e  a s  i n  t h e  o t h e r s  s h e  was t a k i n g ,  b z t ,  i: f a c r ,  

s h e  h a d  e s t a b l i s h e d  h e r s e l f  a s  t h e  mos t  s u c c e s s f l ~ l  s t c 5 e n z  i r  

t h i s  c l a s s .  S t u d e n t s  a t  t h i s  s t a g e  o f  t h e  t e r "  3ad  a  



d i f f i c u l t  t i m e  a n s w e r i - g  t h e  q u e s t i o n ,  "?low w e l l  a m  I d c i r : ~ ? "  

u n l e s s  t h e y  w e r e  d o i n g  v e r y  p o o r l y .  

S p e a k i n g  w i t h  r,y classmates a t  t h i s  p o i n t  i2 t h e  t e r n ,  I 

f o u n d  t h a t  n o  o n e  was  e x p e r i e n c i n g  a g r e a t  dea l  o f  d i s t r e s s  

w i t h  r e s p e c t  t o  the c o u r s e  y e t .  S i x  o f   he a l l c t c e d  x h l r t e e : .  

w e e k s  h a d  p a s s e d  a n d  w e  h a d  c o v e r e d  t w o  o u t  of  t h e  s c h e d z l e ~  

f o u r  a n d  a h a l f  c h a p t e r s  i n  t h e  t e x t .  A l o o k  az  he c z c r s ?  

o u t l i n e  s u g g e s t e d  L O  m e  t h a t  t h e  p a c e  a n d  complex it!^ ef  he 

m a t e r i a l  were b o t h  a b o u t  i n c r e a s e  d r a m a t i c a l l y .  



O c t o b e r  15  t o  O c t o b e r  31. 1 9 9 1  

A r r i v i n g  e a r l y  an O c t o b e r  1 5 ,  I s p e n t  a  h a l f  h o u r  

t a l k i n g  w i t h  M i c h a e l .  F o l l o w i n g  o u r  d i s c u s s i o n  l a s t  wee!<, 

M i c h a e l  h a d  d e c i d e d  t o  p u r c h a s e  a n  HP48S c a i c u l a z o r  a n 6  was 

j u s t  b e g i n n i n g  t o  l e a r n  how t o  u s e  i t .  He t h o u g h t  t h a t  ~ 5 e  

m i d t e r m  was s t r a i g h t f o r w a r d ,  b u t  t o o  l o n g .  

M i c h a e l  h a d  s e r i o u s  c o n c e r n s  a b o u t  t h e  a v a i l a b i l i t y  cf 

t u t o r i a l  a s s i s t a n c e  i n  t h i s  c o u r s e .  H e  s u g g e s t e d  t h a t  two 

h o u r s  a  week would  b e  more a p p r o p r i a t e  t h a n  o n e .  He  advise^ 

m e  t h a t  t h e  C a l c u l u s  Lab a t  t h e  Burnaby  campus -".as " o u t  o f  

b o u n d s "  f o r  s t u d e n t s  t a k i n g  t h i s  c o u r s e  a t  H a r b o u r  C e n t r e ,  

a l t h o u g h  s e v e r a l  o t h e r  s t u d e n t s  h a d  a l r e a d y  a v a i l e d  

t h e m s e l v e s  o f  t h a t  facility. M i c h a e l  s p o k e  a b o u t  how 

- - ,  

d i f f i c u l t  i t  was t o  s e e  t h e  i n s t r u c t o r  d u r i n g  h i s  o r r l c e  

h o u r s  on  B u r n a b y  Mounta in  ( M i c h a e l  worked d u r i n g  t h e  d a y ) ,  

b u t  h e  commended t h e  i n s t r u c t o r  on h i s  w i l l i n g n e s s  t o  s ra ; .  

a f t e r  l e c t u r e  a n d  t a l k  w i t h  s t u d e n t s .  M i c h a e l  a l s o  

c o m p l i m e n t e d  t h e  i n s t r u c t o r  on h i s  t e a c h i n g  s t y l e .  H e  f e l :  

t h a t  t h e  i n s t r u c t o r ' s  h a b i t  o f  r e a d i n g  h i s  n o t e s  w h i l e  

c o p y i n g  t h e m  o n t o  t h e  o v e r h e a d  p r o j e c t o r  s l o w e d  t h e  r a t e  o f  

d e l i v e r y  t o  a n a n a g e a b l e  p a c e  f o r  t h e  s t u d e n t s .  

BY 7:25 t h e  c l a s s  a n d  i n s t r u c t o r  h a d  g a t h e r e d  ir. t h e  

c l a s s r o o m .  The i n s t r u c t o r  i n i t i a t e d  a  ~ ~ S C U S S ~ O ~  abocz 

t h e  s t u d e n t s  f e l t  a b o u t  t h e i r  p e r f o r m a n c e  on t h e  m i d t e m .  

"How many o f  you f o u n d  it q u i t e  d i f f i c u l t ? "  No o n e  r e p l i e d  



t h a t  they  had, a l though t h e r e  was consensus t h a t  t h e  l a s r  

problem was d i f f i c u l t .  The i n s t r u c t o r  expla ined t h e  problem 

and annocnced t h a t  t h e  s o l u t i o n s  t o  t h e  midterm would be 

a v a i l a b l e  i n  t h e  l i b r a r y .  

I t  was i n t e r e s t i n g ,  i n  l i g h t  of complaints  from se*Jer21 

s t u d e n t s  t h a t  t h e r e  wasn ' t  s u f f i c i e n t  time t o  complete  he 

midterm, t o  hear  t h e  i n s t r u c t o r  t a l k  about t h e  second n i d t e r r .  

and t h e  f i n a l  examinat ion.  The second midterm would Se 

s i m i l a r  i n  l eng th  t o  t h e  f i r s t ,  so t h a t  those  who e:<perle?.ced 

t ime management i n  t h e  f i r s t  could expect  S i m i l ? :  p r e s s z r e s  

dur ing  t h e  second t e s t .  The f i n a l  examination was des ignee 

t o  be t h e  l eng th  of  about two midterms. There would be r h r e e  

hours ,  however, r a t h e r  than two allowed t o  w r i t e  t h a t  pape r .  

The f i n a l  examination would be a d i f f e r e n t ,  l e s s  harrowinq 

exper ience  f o r  t h o s e  needing more time t o  work. 

Af t e r  t h i s ,  t h e  i n s t r u c t o r  reviewed in some d e t a i l  t h e  

work begun l a s t  Tuesday on abso lu te  extrema and graphs of 

f u n c t i o n s .  T h i s  l e d  t o  t h e  concept of r e l a t i v e  ( i o c a l )  

ext rema.  One s tuden t  asked a t  t h i s  po in t  why endpoin t s  were 

d i sa l lowed  a s  r e l a t i v e  extrema i n  t h e  d e f i n i t i o ~  g iver  i n  f he  

textbook (and l a t e r  i n  t h i s  l e c t u r e ) .  The i n s t r u c t o r  r e p l i e d  

t h a t  i t  was a  ma t t e r  of d e f i n i t i o n  and t h a t  t h e  d e f i n i t i o n  of 

l o c a l  extrema might vary from t e x t  t o  t e x t  1" this 

p a r t i c u l a r .  " I f  it were product ive  t o  do so ,  we could always 

a l t e r  t h e  d e f i n i t i o n  s l i g h t l y  t o  include them [ t h e  



e n d p o i n t s ] .  ~ u t  i t  d o e s n ' t  r e a l l y  make a n y  d i f f e r e n c e  b e c a u s ~  

w e  a r e  a l w a y s  q , ing  t o  examine  t h e  e n d p o i n t s  t o  see i f  x e  

h a v e  a b s o l u t e  maximums o r  minimums." The i n s t r u c t o r ' s  re=:\- A - 

i l l u s t r a t e d  t h e  p r a g m a z i c  f l e x i b i l i t y  a s s o c i a t e d  w i t h  Tan? 

d e f i n i t i o n s  i n  m a t h e m a t i c s .  

F u r t h e r  i n s i g h t s  i n t o  t h e  n a t u r e  o f  m a t h e m a t i c a l  

d e f i n i t i o n s  were  o f f e r e d  when t h e  i n s t r u c t o r  s p o k e  o f  f(>:;) 

b e i n g  a  r e l a t i v e  maximum i f  i t  was g r e a t e r  t h a n  f  ( x )  f o r  "an:: 

n e a r b y  x " where  t h e  t e r m  " n e a r b y "  was made c l e a r  b y  

r e f e r e n c e  t o  t h e  i l l u s t r a r i v e  d i a g r a m ,  b u t  was n o t  ma<e 

p r e c i s e .  The i n s t r u c t o r  i n f o r m e d  u s  t h a t  t h e  u s e  o f  r h e  

s t r i c t  i n e q u a l i t y ,  f  ( x l )  > f (x) r a t h e r  t h a n  f  ( x l )  L f 0:) was z 

m a t t e r  o f  t h e  t e x t b o o k  c h o s e n .  A l i t t l e  l a t e r  a stud en^  see 

t h e  weaker  c o n d i t i o n  t o  p o s e  t h e  q u e s t i o n  a s  t o  w h e r h e r  

r e l a t i v e  e x t r e m a  a r e  a c h i e v e d  on a n  i n t e r v a l  i n  w h i c h  :he  

, , 
f u n c t i o n  i s  c o n s t a n t .  ~t t h i s  s t a g e ,  how much p r e c l s z o -  i s  

p o s s i b l e ,  a p p r o p r i a t e  a n d / o r  w o r t h w h i l e ?  

A f t e r  w o r k i n g  t h r o u g h  t h e s e  d e f i n i t i o n s ,  t h e  i n s t r c c t o r  

l e d  t h e  c l a s s  t h r o u g h  q u e s t i o n s  t o  a s s o c i a t i n g  t h e  l o c a l  

e x t r e m a  on t h e  d i a g r a m  w i t h  " s l o p e s  o f  z e r o " .  The i 2 s t r u c t c r  

u s e d  t h e  d i a g r a m  a n d  i n s i s t e n t  q u e s t i o n i n g  t G  l e a d  us :s the 

i d e a s  t h a t  a  " z e r o  d e r i v a t i v e "  d o e s  n o t  g u a r a p c e e  Eke 

e x i s t e n c e  o f  a  l o c a l  extremum a n d  t h a t  l o c a l  e x t r e m a  ca: h e  

f o u n d  where  t h e  f u n c t i o n  i s  n o n - d i f f e r e n t i a b l e .  I f o u n d  

m y s e l f  c a u g h t  i n  t h e  q u a n d a r y  t h e  i n s t r u c t o r  was c o n s t a n t l y  



f a c i n g .  ; c o n s i d e r e d  t h i s  t o  b e  g o o d  t e a c h i n g ,  w i t h  s?zxde;tc 

* ... i n v o l v e d  a n d  a p p a r e n t l y  l e a r n i n g .  B u t  I w o n d e r e c  I: the 

c o u r s e  s c h e d u l e  a l l o w e d  so much t h e  t o  be spe?.c oc ~5:s o r e  

t o p i c .  

A f t e r  g i v i n g  u s  t h e  d e f i n i t i o n  o f  a c r i t i c a l  p ~ i n c ,  z ? e  

i n s t r u c t o r  w a s  a s k e d  w h e t h e r  o r  n o t  a n  e n d p o i n t  i n  t h e  a o m a i r .  

o f  d e f i n i t i o n  c o u l d  be c o n s i d e r e d  a c r i t i c a l  point (endpoints 

w o u l d  be n o n - d i f f e r e n t i a b l e  s i n c e  o n l y  o n e - s i d e d  d e r i v a t i v s  

w o u l d  e x i s t  f o r  them i n  t h e  c l o s e d  i n t e r v a l ) .  "Yes. 

T e c h n i c a l l y  i t  d o e s ,  if t h e  d o m a i n  i s  c l o s e d .  T h a t ' s  r r c e . " ,  

t h e  i n s t r u c t o r  a l l o w e d ,  h i s  t o n e  s u g g e s t i n g  t h a t  h e  m i g h t  

w i s h  t h a t  h i s  s t u d e n t s  were l e ss  z e a l o u s  i n  s e e k i n g  l i m i t l ~ q  

f o r  f .  

2 5 - - 

A s e c o n d  e x a m p l e ,  g ( t )  = 5 t 3  + t3  , d i d  ilvclve v j L u e i  

if a n y  o f  u s  knew w h a t  t h e  g r a p h  l o o k e d  l i k e .  L a t e r ,  after 

a s k e d  u s  i f  t h a t  a l o n e  g u a r a n t e e d  t h a t  a l o c a l  e;:trernum 



e s i s t e d  t h e r e .  S k e t c h i n g  a  c o u n t e r - e x a m p l e  t o  show t h a t  i~ 

d i d  n o t ,  t h e  i n s t r u c t o r  q u i p p e d ,  " S n e a k y ,  e h .  Y 3 c 1 v e  9 2 t  tc 

a d m i t  t h a t  was p r e t t y  s n e a k y ,  ", p r o v o k i n g  g e n e r a l  a r r , x s e r e r . t .  

A f t e r  o u t l i n i n g  a s t r a t e g y  f o r  f i n d i n g  a b s o l u c e  e:.:tre~.a 

o f  f u n c t i o n s  on  c l o s e d  i n t e r v a l s ,  t h e  i n s t r u c t o r  worked  

t h r o u g h  t h e  e x a m p l e  o f  f i n d i n g  t h e  a b s o l u t e  maximum a-d 

minimum o f  f ( x )  = x2 + x  - 3 on  [ - 2 , 2 ] .  Y e t  a n o t h e r  t o p i c  f r c ~ ,  

h i g h  s c h o o l  m a t h e m a t i c s  came t o  t h e  f o r e  a s  t h e  i n s t r ~ c ~ s r  

t r i e d  t o  g e t  my c l a s s m a t e s  t o  a n s w e r  q u e s t i o n s  abou;  _ h e  

s t r u c t u r e  o f  t h e  p a r a b o l a .  A n o t h e r  b r i e f  r e v i e w  o f  

, , 

" p r e r e q u i s i t e  m a t h "  e n s u e d .  The  i ~ s t r u c t o r  was e ~ p l l ~ : ~  i n  

h i s  s e n s i t i v i t y  K O  t h e  p l i g h t  o f  t h o s e  who h a d  b e e n  away f r o r  

, - s c h o o l  m a t h e m a t i c s  f o r  a t i m e .  "So a l l  t h a t  t h e  d i f f e r e n t ; a -  

c a l c u l u s  d o e s  i n  t h i s  case i s  v e r i f y  what  w e  a l l  k ~ e x ,  r i q h t .  

C r o s s  my f i n g e r s .  What I ' m  t r y i n g  t o  d o  when I g c  t h r a ~ q h  

t h i s  i s ,  I know t h a t  many o f  you  h a v e  b e e n  Out  o f  s c h o o l  f o r  

a l o n g  t i m e ,  t o  z h r o w  a s  much s t u f f  o u t  a t  you  t o  j a r  y c 2 r  

memory a s  much a s  I p o s s i b l y  c a n . "  

A t  t h e  b r e a k ,  t h e  instructor a d m i t t e d  t h a t  h e  h a c  

f o r g o t t e n  t o  s e t  a n  a s s i g n m e n t  t h l s  week .  No o n e  s e e n e c  

u p s e t .  M l c h a e l  was s h o w i n g  h l s  new c a l c u l a t o r  t o  a  r . l~maer  sf 

i n t e r e s t e d  s t u d e n t s .  : s p o k e  w i t h  Catherine a b o u t  h e r  

P r o g r e s s  I n  f i n d i n g  a  new p l a c e  t o  l i v e .  T h o m s  a n d  t n c t z e r  

S t u d e n t  d i s c u s s e d  a  p r o b l e m  f r o m  t h e  p r e v i o u s  a s s i g n m e n t .  



The i n s t r u c t o r  c a l l e d  u s  back, commenting ~ h a z  t h e  pace 

of  t h e  course  would not a l low him t o  do a s  many examples a s  

he would l i k e .  CpWards we sped t o  R o l l e ' s  Theorem and t?.e 

Mean Value Theoren,. While t h e  statement of  X o l l e ' s  Thezre? 

was being exp la ined  t o  us,  we were taught  t o  d i s t ingu is :?  

between smooth and continuous curves and i n t r o a s c e a  zz r:?e 

n o t a t i o n  3 . 

The i n s t r u c t o r  concluded t h e  s ta tement  of =he t h e o r e r  

w i t h  t h e  words "no p r o o f n .  A s tudent  i n t e r j e c t e d ,  " Y o 2  rr,ea? 

t h e r e  i s  no p roo f?"  t his caused cons iderab le  la1:ghter c r c  

- .  t h e  i n s t r u c t o r  s  r e  joinder t h a t  a  proof d id  indeed e>:is:. .::F 

were given a  "convincing p i c t u r e "  i n  l i e u  of e p r o c f .  

Severa l  meta-comments on t h e  na ture  of e x i s t e n c e  p roo f s  

were o f f e r e d .  We were r equ i r ed  t o  know t h e  s ta tement  of 

theorems, but  were not held  respons ib le  f o r  t h e  p r o o f s ,  n c z  

even f o r  t h e  "convincing diagrams".  

Working thro-h an example i l l u s t r a t i n g  t h e  appl:~~C:c-.  

of R o l l e ' s  Theoren, t h e  i n s t r u c t o r  found himself ~ n a b i e  tc 

s a t i s f y  t h e  condi t ion  f ( a ) = f  ( b )  . Checking h i s  no tes  he 

r e a d i l y  confessed t o  us t h a t  he had been caught out  5y =he 

s h i f t  from t h e  f i r s t  t o  second e d i t l o n  of t c e  z e x t .  T n e  

no t e s  he had prepared included an example from t n e  f i r s t  

e d i t i o n  which was meant t o  illustrate t h e  use of t h e  Mec? 

Value Theorem. He recovered very n i c e l y  b y  cL0slng t h e  

example wi th ,  "Therefore ,  R o l l e ' s  Theorem does noz app l , . . "  



T h e r e  was some good n a t u r e d  l a u g h t e r  f r o m  c h e  students a n d  

i n s t r u c t o r ,  b e f o r e  w e  moved o n t o  a more a p p r o p r i a t e  e s a r p l e .  

The l a s t  p a r t  o f  t h e  l e c t u r e  was on t h e  Mean V a l a e  

Theorem,  which t h e  i n s t r u c t o r  i d e n t i f i e d  a s  t h e  Year, L-a lx?  

Theorem f o r  d e r i v a t i v e s  r a t h e r  t h a n  f o r  i n t e g r a t i o n .  3e 

s t r e s s e d  t h e  l i n k  o f  t h i s  t h e o r e m  w i t h  R o l l e ' s  T h e o r e x ,  

p o i n t i n g  t h a t  d r o p p i n g  o n e  o f  t h e  h y p o t h e s e s  o f  R o i i e ' s  

Theorem a l t e r s  t h e  c o n c l u s i o n  a n d  t h a t  R o l l e r s  Theorem was z 

s p e c i a l  c a s e  o f  t h e  Mean V a l u e  Theorem. A g a i n ,  h o w e v e r ,  . o  

p r o o f  was t o  b e  s u p p l i e d .  ~ i a g r a m s  were u s e d  t o  e x p l a l z  z5e 

t h e o r e m  a n d  t o  i n t u i t i v e l y  j u s t i f y  i t s  v a i i d i t y .  

More nets-comments on e x i s t e n c e  t h e o r e m s  were  o f f e r e & .  

The p o i n t  g u a r a n t e e d  b y  t h e  t h e o r e m  was n o t  n e c e s s a r i l : ;  

u n i q u e  a n d  t h e  t h e o r e m  d i d  n o t  p r o v i d e  2 p r o c e s s  f o r  f i n d i n 9  

t h e  p o i n t  ( s )  . The a b s o l u t e  v a l u e  f u n c t i o n  was x s e d  t o  she:: 

t h a t  i f  t h e  d i f f e r e n t i a b i i l i t l ,  h y p o t h e s i s  o f  t h e  Mear: V a l s e  

Theorem d o e s  n o t  h o l d ,  t h e n  t h e  c c n c l u s i o n  may n o t  f o l l c w .  

t The i n s t r u c t o r  e m p h a s i z e d  t h e  "may" I n  "may no: fol :ow".  - -  

s i g n i f i c a n t  amount  o f  i n f o r m a t i o n  a b o u t  m a t h e m a t i c a l  p r o o f s  

was b e i n g  p r e s e n t e d  t o  u s  i n c i d e n t a l l y .  

The l a s t  e x a m p l e  o f  t h e  e v e n i n g  was n o t  taker f r o r  :he 

t e x t .  When t h e  i n s t r u c t o r  g a v e  u s  t h e  f u n c t i o n ,  

27t 
f ( x )  = s i n  ( 2 s )  on t h e  i n t e r v a l  [ O , ]  . H i s  a s i d e ,  " I  knoy+i, 

3 

t r i g o n o m e t r y  a g a i n . " ,  p r o v o k e d  some l a u g h t e r .  W e  w e r e  



p r o m p t e d  t o  g r a p h  t h e  f u n c t i o n  u s i n g  t h e  t e r m s  amp2itude ar .c  

period. T h e  i n s t r u c t o r  g s e d  t h i s  a s  a n  o p p o r t ~ r i i t y ,  2s kLe 

d i d  f r e q u e n t l y ,  t o  r e v i e w  s e c o n d a r y  s c h o o l  m a t k e m a t ~ c s .  

C a r e f u l l y ,  h e  v e r i f i e d  e a c h  h y p o t h e s i s  o f  t h e  Mean Va;ae 

T h e o r e m  b e f o r e  j u m p i n g  i n  a n d  d e t e r m i n i n g  t h e  v a l u e  

g u a r a n t e e d  b y  t h e  c o n c l u s i o n .  

T h e  s k e t c h  o f  t h e  g r a p h  w a s  u s e d  t o  e s t i m a t e  t h e  v a l u e  

4x 
s i n -  - s i n  (C) 

2 
J - T t h e  r e l e v a n t  e q u a t i o n ,  2 cos (2x1 = . &a5 
2x - 
3 

- 0 

i m p r e s s e d  b y  t h e  s o l u t i o n  p r e s e n t e d  i n  t h i s  e x a p p l e .  The _ s e  

of a g r a p h  a n d  t h e  n u m e r i c a l  " m e s s i n e s s "  o f  t h e  x o r k  a n d  

r e s u l t  made i t  seem l e s s  c o n t r i v e d  than m o s t  o t h e r  e i : a m c l e s  

of t h i s  t y 2 e  t h a t  I h a d  e n c o u n t e r e d .  

T h e  a m o u n t  a n d  v a r i e t y  o f  m a t h e m a t i c s  t h a t  w e  x e r e  

e x p o s e d  t o  i n  a t w o - h o c r  p e r i o d  was d a u n t i n g .  W e  b e g a n  XI=: 

i n f o r m a l ,  i n t u i t i v e  d e f i n i t i o n s  b a c k e d  u p  b y  r e f e r e n c e  :3 

d i a g r a m s .  P r e c i s e  d e f i n i t F o n s  i n v o l v i n g  s y m b o l s  f o r  

e x i s t e n t i a l  a n d  u n i v e r s a l  q u a n t i f i e r s  f o l l o w e d .  

S t r a i g h t f o r w a r d  a p p l i c a t i o n s  o f  d i f f e r e n t i a t i o n  were n e x t ,  

l i b e r a l l y  l a c e d  w i t h  a  r e v i e w  o f  h i g h  s c h o o l  m a t h e r n a ~ l c s .  

D e t a i l e d  s t a t e m e n t s  o f  t w o  t h e o r e m s  were g i v e n  a n d  e x a ? ? i n e c  

i n  d e t a i l ,  w i t h  s o m e  e m p h a s i s  o n  t h e  n a t u r e  o f  c o n d i t i g r a l  

s t a t e m e n t s .  A f i n a l  e s a n p l e  made u s e  o f  d i a g r a m s ,  E k e  



s t a t e m e n t  o f  a t h e o r e m ,  d i f f e r e n t i a t i o n  t e c h n i q u e s ,  h i g h  

s c h o o l  t r i g o n o m e t r y  a n d  t h e  u s e  o f  a c a l c u l a t o r .  

On October 17, I x a s  w o r k i n g  l a t e  a t  s c h o o l  a n d  

i '  c o n s e q u e n t l y  m i s s e d  the f i r s t  t u t o r i a l  s e s s i c n .  8y zke -:me 

I r e a c h e d  t h e  l e c t u r e  t h e a t r e  t h e  i n s t r u c t o r  h a d  a l r e a 3 v  

b e g u n  w i t h  a p r e a m b l e  a b o u t  c u r v e  s k e t c h i n g .  

P e r h a p s  i t  reflected my own f a t i g u e ,  b u t  t h e r e  s e e T e d  z c  

be c o n s i d e r a b l y  l e s s  e n e r q y  i n  t h e  c l a s s  t h i s  e v e n i n g  t:?a- 

t h e r e  h a d  b e e n  o r  T c e s d a y .  I d i d  n o t i c e  t h a t  zhe i n s t r , L c t s r  

w a s  now i d e n t i f y i n 9  some s t u d e n t s  b y  t h e i r  f i r s c  n a m e s  xhen 

h e  s p o k e  w i t h  t h e m .  

A f t e r  d e f i n i n g  i n c r e a s i n g  a n d  d e c r e a s i n g  f u n c t i o n s  cn 

i n t e r v a l s ,  t h e  i n s t r u c t o r  d e f i n e d  m o n o t o n i c i t y  f o r  f u n c z i o ~ s .  

David a s k e d  w h e t h e r  o r  n o t  a h o r i z o n t a l  l i n e  w o c l d  g r a p h  z 

m o n o t o n i c  f u n c t i o n .  T h e  i n s t r u c t o r  r e p l i e d  w i t h  t h e  

" t e c h n i c a l i t y u  o f  n o n - d e c r e a s i n g  a n d  n o n - i n c r e z s l n g  

f u n c t i o n s ,  " ~ t f s  k i n d  o f  a  b a c k w a r d  a p p r o a c h  t o  t h i n g s .  G Z S E  

a l i t t l e  t e c h n i c a l i t y  a n d  some b o o k s  w i l l  t a k e  t h a t  a p ? r o a c h .  

1 d o n ' t  t h i n k  t h i s  c n e  d o e s . "  

A d i f f e r e n t i a t i o n  " t e s t "  f o r  m o n o t o n i c i t y  o f  f ~ ~ c t i o n s  

was s t a t e d  a n d  t h e n  p r o v e d  u s i n g  t h e  Mean VZ:E? T h e o r e r .  

(v x E (a, b) ) ( f  ( x )  < 0) 3 ( f  i s  d e c r e a s i n g  o n  [ a ,  bl ) . 

B e g i n n i n g  t h e  p r o o f ,  t h e  i n s t r u c t o r  s a i d ,  "?Cow w h a t  d o  I 5ayV-e 

t o  s h o w .  I f  y o u  a r e  g o i n g  t o  t a k e  a t r i p ,  y o u  w a n t  t o  k2o.d 

w h e r e  y o u  a r e  g o i n g .  . . .  Where  d o  we w a n t  t o  g o  h e r e ?  I 



want t o  show t h a t  f i s  d e c r e a s i n g . "  In e f f e c ~ ,  be was 3 s ~  

o n l y  o f f e r i n g  a  proof  t o  a  c o r o l l a r y  of t h e  Mean Value 

Theorem, h e  was a l s o  i n s t r u c t i n g  us i n  t h e  c o n s t r u c t i o s  :f 

p r o o f s  i n  g e n e r a l .  

The i n s t r u c t o r  as;ked q u e s t i o n s  throughout  h i s  

p r e s e n t a t i o n ,  c r y i n g  to e l i c i t  s t u d e n t  r e s p o n s e .  Suck 

r e s p o n s e  a s  he found was weak and muddied. I fc'and t h e  ? r o o f  

t o  be charming,  bu t  I was sanguine  about  how muc?. my 

c l a s s m a t e s  unders tood .  The proof  was an i n s t a n c e  of a  u s e  2f 

t h e  Mean Value Theorem, which had beer. a d v e r t i s e d  a s  a  " v e r . ~  

i m p o r t a n t  theorem".  The s t u d e n t s  were not  h e l d  r e s p o n s i b l e  

f o r  t h e  p roof  on t e s t s  o r  a s s ignments .  I h ~ d  d ~ s b t s  a s  zo 

whether  t h e  proof  added t o  my c l a s s m a t e s '  u n d e r s t a n d i n g  of 

t h e  f i r s t  d e r i v a t i v e  t e s t .  But p roof ,  a f t e r  a l l ,  i s  zn 

e s s e n t i a l  component of  mathematical  endeavor .  what r o l e  d i d  

it  p l a y  i n  t h i s  c o u r s e ,  f o r  t h i s  c l a s s ?  

The l e c t u r e  s h i f t e d  from t h e o r y  t o  a p p l i c a t i o n  wi th  :he 

i n s t r u c t o r  us ing  cu rve  s k e t c h i n g  t e c h n i q u e s  t o  deveiop  =he 

graph o f  y = 2 x 3  - 3x2 + 2 .  Over f i f t e e n  minutes  3f C ~ ~ S S  

t ime  was s p e n t  deve lop ing  and a n a l y z i n g  t h e  graph of  this 

s imple  polynomial  f u n c t i o n .  A TI-81 gave a ve ry  r e a s o n a b l e  

s k e t c h  o f  t h e  graph i n  l e s s  t h a n  a  minute and,  wi th  = h e  ;Sz 

of t h e  NDERIV f u n c t i o n ,  a l lowed a  f a i r l y  d e t a i l e d  a n a l y s i s  c F  

t h e  b e h a v i o u r  of  =he graph wi th  r e s p e c t  t o  f i r s t  and se':onc 

d e r i v a t i v e s .  ~f t h e r e  were a r e a s  of t h e  c c r r i c u l u m  t h a t  



c o u l d  b e  r e v i s e 6  t o  a l l o w  m o r e  t i m e  f o r  a s s i r n i l a t i ~ n  a52 

l e a r n i n g ,  s u r e l y  t h i s  t o p i c  w o u l d  be a p r i m e  c a n d i d a t e .  

A f t e r  t h e  l e c t u r e ,  s t u d e n t s  came f o r w a r d  t o  p i c k  u ~  

t h e i r  m i d t e r m s  f r o m  t h e  T A .  T h e  i n s t r u c t o r  a n d  1 were 

s o m e w h a t  n o n p l c s s e d  t o  f i n d  t h a t  my p a p e r  w a s  ? , i s s i n g .  (I:. 

t u r n e d  u p  t h e  n e : i t  w e e k .  

T h e r e  w a s  n o  d i s c u s s i o n  y e t  o f  t h e  o v e r a l l  r e s a l z s  o f  

t h e  c l a s s  o n  t h e  t e s ~ ,  Two o f  t h e  s t u d e n t s  a t t e n d i n g  t h e  

s e c o n d  t u t o r i a l  s e s s i o n  h a d  s c o r e d  o v e r  t h i r t y  rrzirks ou: o f  

f o r t y .  One  h a d  s c o r e d  i n  t h e  t w e n t i e s  a n d  was v < s 4 b : . -  I -Y 

f r u s t r a t e d  w i t h  h i s  r e s u l t s .  T h e  TA d i s c u s s e d  s 3 i u t i o n s  tz 

s o m e  p r o b l e m s .  

S t u d e n t s  a s k e d  w h a t  w o u l d  be d o n e  w i t h  t h e  m a r k s  bl- :he 

i n s t r u c t o r .  T h e  TA r e p l i e d  t h a t  t h e r e  w o u l d  b e  "30 s c a l t n q "  

a n d  s p o k e  a b o u t  t h e  " r e l a t i v e  w e i g h t  o f  t h e  m i d t e r m s "  i n  t h e  

e v a l u a t i o n  s c h e m e .  S p e a k i n g  w i t h  C a t h e r i n e ,  t h e  TA c o n f i r m e c  

t h a t  many s t u d e n t s  h a d  n o t  h a d  s u f f i c i e n t  t i n e  f o r  L"S 

p a p e r ,  a b o u t  " o n e  t h i r d  o f  t h e  s t u d e n t s  r a n  OCE of L ~ F ? " .  

T h e  l o w e s t  s c o r e  was  18, b u t  t h e  T A  was u n a b l e  t o  s a y  w h e t h e r  

o r  n o t  t h a t  was a f a i l i n g  m a r k .  

~ y  g : o @  p . m .  t h e  c o n v e r s a t i o n  a b o u t  t h e  m i d t e r n  d r i f r e l  

t o  a n  e n d  2 n d  t h e  TA a s k e d  u s  w h a t  w e  w a n t e d  to t a l l :  23CSZ.  

H e  g a v e  u s  a s o p h i s t i c a t e d  o v e r v i e w  o f  N e w t o n ' s  m e z h o d   fro^, 

t h e  p e r s p e c t i v e  o f  n u m e r i c a l  a n a l y s i s .  I n  h i s  d i s c - a s s i - 2  

a b o u t  t h e  s t a b i l i t y  o f  t h e  m e t h o d ,  t h e  TA i n d i c a t e d  t h a t  he 



had s e r i o u s  r e s e r v a t i o n s  about t h e  c t i l i t y  o f  =he  ne thod Lr 

" r e a l "  a p p l i c a t i o n s .  H i s  a t t i t u d e  towards t h e  a l g ~ r i c h ~  -<:as 

i n  marked c o n t r a s t  t o  t h e  i n s t r u c t c r ' s  en thus iasm f ~ r  5 : .  

What message was be ing  conveyed t o  t h e  s t u d e n t s ?  

A f t e r  t h e  r u t o r i a ; ,  I spoke b r i e f l y  with 3 a v i d  akc:t t:?e 

midterm. I E  was i n t e r e s t i n g  t o  hea r  him speak o f  t h e  "ole 

week of math a b s t i n e c c e "  t h a t  he took a f t e r  p r e p a r i n g  and 

w r i t i n g  t h e  t e s t .  

The p e r i o d  b e f o r e  t h e  l e c t u r e  was f i l l e d  ~ d i t h  

c o n s i d e r a b l e  energy and c o n v e r s a t i o n .  One person  was 

concerned t h a t  my r e s u l t s  on t h e  midterm would "unbalance  :he 

c u r v e " .  The i ~ s t r u c t o r  a s s u r e d  k i m  t h a t  I was ]us: an 

o b s e r v e r  and my marks would not  be cons ide red  w i t h  t h e  r e s t  

of t h e  c l a s s .  

The i n s t r u c t o r  announced t h e  mean and s t a n d a r d  d e v i a t i c r  

f o r  t h e  midterm and csed  t h i s  t o  launch i n t o  a  b r i e f  l e s s o r  

on t h e s e  s t a t i s t i c s  and d i s t r i b u t i o n s .  I f  t h e  s t u d e n t s  

unders tood  what he was s a y i n g ,  t h e y  now had a  b e t t e r  s e n s e  of 

t h e i r  performance on t h e  midterm r e l a t i v e  to t h e  res: of 

t h e i r  c l a s s m a t e s .  

One of t h e  s t u d e n t s  ( C h a r l e s ,  a  p r o f e s s i o n a l  e n g i n e e r  

t a k i n g  t h e  c o u r s e  f o r  p l e a s u r e )  asked i f  i t  was p o s s l b l e  L O  

have t h e  a s s ignments  i n  advance .  He would be o u t  of tow" 

n e x t  week and would have t o  m i s s  more c l a s s e s  i n  t h e  f u t c r e .  

- ,  
The i n s t r u c t o r  admi t t ed  t h a t ,  because  t h i s  was t h e  Z I r s t  rine 



t h a t  t h i s  e d i t i o n  o f  t h e  t e x t  was b e i n g  u s e d ,  h e  wzs ma:<ir:g 

u p  t h e  a s s i g n m e n t s  on a  w e e k l y  b a ~ i s  a s  w e  went  a l o n q .  T h e  

i n s t r u c t o r  d i d  p r o m i s e  t o  h a v e  t h e  s i x t h  s e t  o f  p r o b 1 e r . s  

c h o s e n  b y  n e x t  Thursda ;" , .  

A s  t h e  l e c t u r e  b e g a n ,  I n o t e d  t h a t  o n e  s z , ~ d e ~ t  

( E l i z a b e t h )  w a s  u s i c g  a  m i c r o c a s s e t t e  r e c o r d e r  t o  t a p e  t h e  

l e c t u r e .  I f o u n d  t h i s  i n t e r e s t i n g  when I c o n t r a s t e d  z o  th? 

l a c k  o f  u s e  o f  t h e  t a p e s  i n  t h e  l i b r a r y  w h i c h  were p r e p a r e c i  

by t h e  u n i v e r s i t y .  E l i z a b e t h  m u s t  f e e l  it bias a d v a n t a g e o a s  

t o  h a v e  h e r  own c o p y .  I a l s o  w o n d e r e d  w h a t  t h e  q u a l i t y  s f  

7 ,  , 

h e r  r e c o r d i n g  w0al-d b e .  D u r i n g  t h e  summer,  I 5a? ? a d  ,:r:tec 

s u c c e s s  i n  a u d i o  t a p i n g  l e c t u r e s .  

The  l e c t u r e s  c o n t i n u e d  w i t h  a d e t a i l e d  a e s c r i p c i o n  35 

t h e  u s e  o f  d e r i v a t i v e s  i n  s k e t c h i n g  a n d  a n a l y z i n g  :he g r a p h s  

o f  f u n c t i o n s .  The  p r e s e n t a t i o n  o f  t h e  m a t e r i a l  x a s  l u c l d  2-6 

S t r a i g h t f o r w a r d .  I n o t e d  t h a t  t h e  i n s t r u c t o r  d i d  n o t  a s k  u s  

q u e s t i o n s  a s  o f t e n  a s  h e  h a d  on o t h e r  n i g h t s .  

I was t i r e d  a ~ d  s l i g h t l y  i l l .  A l s o ,  I h a d  a l r e a d y  

, - 
d e c i d e d  t h a t  f a r  t o o  much t i m e  w a s  b e i n g  s p e n t  o n  " p e r : z - ~  a::. 

p a p e r "  c u r v e  sketching. T h i s  was o n e  t o p i c  t k a ~  C O S ~ ~  F.3: 

r e s i s t  t h e  a s s a u l t  cf  t e c h n o l o g y .  The c c r v e  s k e t c h ~ n g  . dn l c  

i n  e v e n  a  t r a d i t i o n a l  c a l c u l u s  c o u r s e  w o u l d  u n d e r g o  d r a ~ a z i z  

r e v i s i o n  i n  t h e  n e a r  f u ~ u r e .  C o n s e q u e n t l y ,  I f o u n d   hat I 

was n o t  a s  i n v o l v e d  a  p a r t i c i p a n t  o b s e r v e r  t h a z  e v e n i n g  a s  

u s u a l .  



While t h e  i n s t r u c E o r  was working through t h e  graph ~5 

y  = x4 - 8x2 T 7 ,  I had my TI-81 c a l c u l a t o r  graph Y l  = X? - 

. . -  8x2 + 7 and NDERIV(Y1, .01) on t h e  same a x e s .  The poten::al r c r  

u s i n g  a  g r a p h i c s  c a p a b l e  c a l c u l a t o r  f o r  e s t a b l i s h i n g  t h e  

r e l a t i o n  between t h e  graph of a  f u n c t i o n  and i t s  d e r i v a t i v e  

seemed s o  obvious  and s o  g r e a t  t h a t  I wrote  e ~ . c h a t i c a l l : .  i- 

my n o t e s ,  "Why a r e  we doing  t h i s ? ? ? ? "  

The i n s t r u c t o r  o f f e r e d  some meta-commenLs wkich I 

though t  were r e l e v a n t  t o  my c o n c e r n s .  "Tf you a r e  t r 1 7 i r ~ g  t o  

graph a  f u n c t i o n  u s i n g  t h e  i d e a s  a s s o c i a t e d  with t h e  

d e r i v a t i v e ,  you t r y  t o  g lean  t o g e t h e r  a s  much informat ior !  a s  

, , 

p o s s i b l e  a s  yoc can r e g a r d i n g  l o c a l  maximums, l o c a l  r n l z l n u n s ,  

a b s o l u t e  maximcms, a b s o l u t e  minumums, i n t e r v a l s  where i, ' s 

i n c r e a s i n g ,  i n t e r v a l s  where i t ' s  d e c r e a s i n g ,  c r i t i c a l  ? o i n t s ,  

a l l  t h i s  so r t .  of s t u f f .  You t r y  t o  p a s t e  t h i s  t o g e t h e r . "  A '- C 

might be t h a t  t h e  a b i l i t y  t o  s k e t c h  a  graph by hand was n o  

l o n g e r  a s  u s e f u l  a s  i t  had been, b u t  t h e  p r o c e s s  of  b r i r g i r ; ~  

t c g e t h e r  a  v a r i e t y  of  in fo rmat ion  t o  s o l v e  a  problem x o ~ l d  

exempl i fy  a s p e c t s  of  n a t h e m a t i c a l  p r o c e s s .  

A s  an i n s t a n c e  of  how d i f f i c u l t  it i s  t o  s c h e d u l e  

s e q u e n t i a l l y  t h e  p r e s e n t a t i o n  of i n f o r m a t i o n  i n  a m u l t i -  

f a c e t e d  t o p i c  such a s  cu rve  s k e t c h i n g ,  t h e  instructor 

completed an example t a k e n  from s e c t i o n  3 . 3  of t h e  t e x t .  

Upon comple t ion  o f  t h e  example, he l e d  t h e  c l a s s  ( w i t ?  

s i g n i f i c a n t  s t u d e n t  r e s p o n s e )  i n t o  an a n a l y s i s  o f  t h e  



- .  behav iour  of  t h e  graph o u t s i d e  of t h e  i n t e r v a l  s?ec i r : e s  FF. 

t h e  problem.  "Completing t h e  graph" invo lved  discussi : -  

v e r t i c a l .  and s l a n t  asymptotes  and f u n c t i o n  behaviour  "az 

. ? , -  i n f i n i t y " .  T h i s  m a t e r i a l  was covered i x  s e c t i o z s  3 . 5  2-2  2 . :  

of t h e  t e s t .  T h e  problems a s s i g n e d  f o r  t h i s  week d i d  not 

even go a s  f a r  a s  t h e s e  s e c t i o n s .  S u r e l y  soRe of  my 

c l a s s m a t e s  were a s k i n g  themselves ,  "What am I supposec  :G 

know and when am I supposed t o  know i t ? "  

Before  g raph ing  y = x4 - 8x2 + 7 ,  t h e  i n s t r u c t o r  s s 4 e 3  ~3 

t o  p r e d i c t  t h e  "number of bumps" t h e  graph woul6 h a v e .  E i s  

d i g r e s s i o n  l e a d  t o  t h e  conc lus ion  t h e  g r e a t e s t  nxmber >f 

l o c a l  extrema a  degree  N polynomial f u n c t i o n  can have is $:-:. 

I w a i t e d  f o r  t h e  o t h e r  shoe t o  drop,  but  t h e  c l a s s  was :.at 

a sked  why t h i s  was s o ,  nor  was t h i s  r e s u l t  l i n k e d  t o  z h e  

d e g r e e  of t h e  d e r i v a t i v e .  

A g r e a t  d e a l  of  t e c h n i c a l  language was passed  t o  12: 

d u r i n g  t h e  l e c t u r e s .  Sometimes i t  was p o i n t e d  ou t  ~o 2s 

e x p l i c i t l y ,  a s  when s4 was i d e n t i f i e d  a s  t h e  doKinapz t e r n  25 

t h e  po lynomia l .  On o t h e r  o c c a s i o ~ s ,  t h e  t e rmino logy  was 

i n c i d e n t a l .  The i n s t r u c t o r ,  e x p l a i n i n g  what was meant by 

"nea r  a  c r i t i c a l  number", spoke of i s o l a t e d  s i n g u l a r i t i e s .  

Loca t ing  t h e  z e r o s  c f  t h e  f u n c t i o n  s e n t  U S  back :T 5:ot 

s c h o o l  mathematics  which may o r  may no t  have been p a r t  of z n f  

c u r r i c u l u n  f o r  m y  c l a s s m a t e s .  "We a r e  look ing  f c r  t h e  f c c r  

r o o t s  of t h a t  e q u a t i o n .  [ x4 - 8x2 + 7 = 0 ] G e n e r a l l y  t h a t  i s  



d i f f i c u l t  t o  d o .  T h e r e  a r e  f o r m u l a s  f o r  i t .  k d  w e  a l s :  

know a n o t h e r  way of d o l n g  i t ,  d o n ' t  we?" S i l e n c e  p r e c e d e d  

t h e  s u g g e s t i o n  t h a t  N e w t o n ' s  Me thod  c o u l d  b e  u s e d .  "3uz ir. 

t h i s  case,  it i s  e a s y  t o  s o l v e  t h e  e q u a t i o n .  h?:y 1~ ' e3.s.; 

t o  s o l v e ?  Anybody kcoh-?" The  i n s t r u c t o r  f a i l e j  +LO ? e t  zhe 

r e s p o n s e  f r o m  u s  t h a t  h e  was l o o k i n g  f o r ,  s o  I d e n ~ i f i e -  

t h e  e q u a t i o n  a s  a  b i q u a d r a t i c .  A f t e r  s o l v i n g  =he e q K a t i c n ,  

w i t h  t h e  comment ,  " T h i s  i s  a  s t a n d a r d  t r i c k  t h a t  t h e y  t e a c h  

you  i n  h i g h  s c h o o l .  Some o f  y o a  h a v e  b e e n  o u t  f o r  a  I c n g  

t i m e ,  s o  y o u ' l l  j u s t  h a v e  t o  remember  t h i s ,  ", t:he i n s t r . - p r p -  u L - L -  

a s k e d  u s ,  "How many h a v e  s e e n  t h a t  b e f o r e ? "  S i l e - c e ,  

f o l l o w e d  b y  n e r v o u s  l a u g h t e r  r e s c l t e d .  The i n s t r u c z o r  

m e n t i o n e d  t h a t  it was i n  t h e  Math  1 0 0  c o u r s e  a n d  eke- h? 

a s k e d  m e  i f  i t  w a s  i n  t h e  h i g h  s c h o o l  c o u r s e .  A c a l c a l z t o r  

w a s  u s e d  f o r  t h e  f i r s t  t i m e  t o  d e t e r m i n e  t h e  a p p r o x i m a t e  

r 
v a l u e  o f  V 7 .  

i l c r i n g  t h e  b r e a k  I s p e n t  t i m e  w i t h  D a v i d  ~ ~ S C U S S ~ G ~  " 3  

r e c e n t  p u r c h a s e  o f  a  TI-81 c a l c u l a t o r  a n d  how h e  was , s i n ?  i r  

i n  h i s  c o u r s e w o r k .  The  i n s t r u c t o r  s p o k e  w i t h  s t 7 2 d e n t s  aboc:. 

t h e  s c h e d u l i n g  o f  t h e  f i n a l  e x a m i n a t i o n  f o r  t h e  CGurSP a n &  

w h i c h  e d i t i o n  o f  t h e  t e x t  w o u i d  b e  u s e d  f o r  Math 1 5 2  n e x t  

s e m e s t e r .  

One s t u d e ~ t  a s k e d  t h e  i n s t r u c t o r  a b o u t  t h e  s s a t i s c i c s  

c o u r s e ,  Math  2 7 0 .  The r e c o m m e n d a t i o n  o f  t h e  instructor was 

t o  c o m p l e t e  Math  1 5 2  b e f o r e  t a k i n g  Math  2 7 0 .  T h i s  was n o r  



b e c a u s e  M a t h  2 7 3  r e q u i r e d  k n o w l e d g e  o f  i n t e g r a l  c a l c c l u s ,  k ~ t  

. . b e c a u s e  s u c c e s s  i n  Mat"52 i n a i c e t e d  t h a t  t h e  s ~ u a e z t  :a2 

s u f f i c i e n t  m a t h e m a t i c a l  m a t u r i t y  r o  t a k e  t h e  s t a t i s t i c s  

c o u r s e .  T h e  c a : c u l u s  w a s  b e i n g  u s e d  a s  a f i l t e r  n o t  2 c l y  h x  

c l i e n t  d i s c i p l i n e s ,  b c t  f o r  o t h e r  m a t h e m a t i c s  c o > ~ r s e s l  

I n  t h e  i n s t r u c t o r ' s  w o r d s ,  " M a t h  1 5 2  i s  a c o r e q c i s i t e  f e r  

M a t h  270. T h e r e  2s no: a  g r e a t  d e p e n d e n c e  [in " a t "  27C:  cc 

1 5 2  a t  a l l .  B u t ,  b y  m a k i n g  s u r e  t h a t  s t u d e n t s  a r e  taking cr 

h a v e  t a k e n  t h a t  c o u r s e ,  i t  e n s u r e s  a t  l e a s t  a r:ninal leyV-e; 

o f  m a t h e m a t i c a l  r m t u r i t y .  Nice way o f  p u t t i n g  i : , e h . "  

S t u d e n t s  r e s p o n d e d  t o  t h i s  w i t h  g o o d  h u m o u r .  

T h e  s e c o n d  h a i f  o f  t h e  e v e n i n g  w a s  s p e n t  or i  c o n c a v i t : . ~ .  

A p r e a m b l e  was f o l l o w e d  b y  d e f i n i t i o n s ,  w i t h  d i a g r a m s .  

C o n c a v i t y  w a s  r e l a t e d  t o  t h e  s e c o n d  d e r i v a t i v e  o f  t h e  

f u n c t i o n .  L a t e r  t h e  s e c o n d  d e r i v a t i v e  t e s t  f o r  l o c z i  e x z r e r n a  

a n d  p o i n t s  o f  i n f l e c t i o n  were i n t r o d u c e d .  

C a ~ h e r i n e  a s k e d  a b o ~ ~ t  t h e  s i t u a t i o n  w h e r e  r h e  s e c o r S  

derivative f a l l e d  t o  e x i s t .  A f t e r  a n s w e r i ~ g  h e r ,  t h e  

i n s t r u c t o r  a d d e d ,  " I n  t h l s  b o o k  t h e y  d o n ' t  p u t  much e m p n a s i s  

o n  t h a t  c a s e .  B u t  we ' r e  g o i n g  t o  l o o k  m a l n l y  aL t5e  

s i t u a t i o n  w h e r e  t h e  s e c o n d  d e r i v a t i v e  1s z e r o .  T h a t ' s  g ~ o d  

-&? z e n o u g h  f o r  o u r  p u r p o s e s  h e r e . "  I t  s o u n d e d  a s  :f t h e  te:.:: A -  

s e t t l n g  l l m l t s  o n  w h a t  w e  were c o v e r i n g  I n  t h e  c o c r s e .  X E S  

it i n d e e d  :he " b i b l e  f o r  t h i s  c o u r s e 1 '  as  t h e  I n s z r c c t o r  nad 

a d v i s e d  u s  a t  t h e  b e g i n n i n g ?  



T h e  f i r s t  r ~ t o r i a l  s e s s i o n  o n  O c z o b e r  2 4  D e g a n  x ; z r  2 

d i s c u s s i c n  o f  t h e  m i d t e r m  r e s u l t s .  To my s u r p r ~ s e ,  t h e  T-> 

a s k e d  u s  i f  t h e  i n s t r u c t o r  was g o i n g  t c  " c u r v e  t h e  r e s x l z s " .  

S t u d e n t s  r e p l i e d  t h a t  h e  w o u l d  n o t .  A minimum s a s s i n c  grad?  

w a s  i d e n t i f i e d  a s  b e i n g  a r o u n d  2 0  t o  2 2  m a r k s .  

T h e  T A  b o r r o w e d  t h a t  w e e k ' s  a s s i g n m e n t  f r c ~  r e  tz see 

w h e r e  w e  w e r e  w o r : < i n g .  H e  a s k e d  u s  i f  w e  w e r e  v c r k i z g  v:i:?i 

m o n o t o n i c  f u n c t i o n s  y e t .  One s t u d e n t  c o m m e n t e d  a b o u t  the 

p r o b l e m s ,  " I t  seems s o  e a s y  when  t h e  i n s t r u c t o r  5 o e s  t ? A e r t ,  

b u t  o n c e  I b e g i n  t h e  p r o b l e m s  . . . "  

A c u r l o u s  d i a l o g u e  a r o s e  when a stud en^ a s k e c i  t h e  TA t s  

w o r k  t h r o u g h  a s p e c l f i c  p r o b l e m  f r o n  t h e  t e x t .  T h e  rep:-2,. 

t h a t  t h e  a n s w e r  w a s  i n  t h e  b a c k  o f  t h e  b o o k .  Two s t u 5 e ~ : s  

r e p l i e d  t h a t  t h e y  d i d  n o t  g e t  t h e  a n s w e r  f o u n d  i n  t h e  k e y .  

When t h e  TA w o r k e d  t h r o u g h  it a n d  y e t  a n o t h e r  s c u a e n t  s a i c  

t h e y  d i d n ' t  g e t  t h a t  r e s u l t ,  t . h e  TA r e p l i e d  : h a t  i t  w a s  " 3 -  d t  

a l g e b r a "  - > 

T h e  f u n c t i o n  i n  q s e s t i o n ,  f  ( x )  = >: 115-x , ~ n d  t c  E 

d i s c u s s i o n  a s  t c  w h e t h e r  o r  n o t  t h e  p o i n t  (6,3) s h o l z l 5  ?'e 

c o n s i d e r e d  a l o c a l  min imum.  I t  c e r t a i n l y  l o o k e d  l i k e  o n e  o? 

t h e  g r a p h .  T h e  s t u d e n t s  r e f e r r e d  b a c k  t o  t h e  1 e c ~ ~ r e   ere 

t h e  d e f i n i t i o n s  o f  l o c a l  a n d  a b s o l u t e  e x t r e m a  >Jere g:Tu7ez 

E n d p o i n t s ,  a c c o r d i n g  t o  t h e  t e x t  definitions, were no: T o  b e  

c o n s i d e r e d  a s  l o c a l  e:<trena ( b e c a u s e  t h e  e n d p o i n t  c o c l d  n e t  

be c o n t a i n e d  i r  a n y  o p e n  i n t e r v a l  o f  t h e  d o m a i n  of 



d e f i n i t i o r ) .  T h e  g e R e r a l  c o n c l u s i o n s  r e a c h e d  i- :he 

d i s c u s s i o n  were t o  i g n o r e  t h e  t e x t  d e f i n i t i o n s  a n d  be? t b ?  

q u e s t i o n  o f  e n d p o i n t s  a s  l o c a l  e x t r e m a .  

A d i s c u s s i o n  o f  c o n c a v i t y  was d i s r u p t e d  b), h a g p i c e c  

b e i n g  p l a y e d  i n  t h e  h a l l w a y ,  t o  t h e  g e n e r a l  a n u s e m e n t  af z?e 

s t u d e n t s .  I n o t e d  t h a t  many o f  t h e  s t u d e n t s  s e e r e d  t o  have 

f a l l e n  b e h i n d  i n  : h e i r  w o r k .  C a t h e r i n e  h a d  r n e n t i o n e C  zc 

T u e s d a y  t h a t  s h e  h a d  d o n e  n o  w o r k  i n  t h i s  c o u r s e  s i n c e  :he 

m i d t e r m .  M i d t e r x  t e s t s  i n  o t h e r  s u b j e c t s  w e r e  t a k i n g  uc - e r  

t i m e  a n d  e n e r g y .  

E v e n  t h e  TA was s o m e w h a t  u n c e r t a i n  a s  t o   here h7e were 

i n  t h e  c u r r i c u l u m .  H e  h a d  p r e p a r e d  m a t e r i a l  o n  s e c t i o n  3 . 5 ,  

w h i c h  h a d  b e e n  c o v e r e d  n e i t h e r  i n  l e c t u r e s  n o r  i n  t h i s  >:eeX's 

a s s i g n e d  p r o b l e m s .  

T h i s  e v e n i n g ,  f o r  t h e  f i r s t  t i m e ,  i t  was E e c e s s a r ) .  t c  

c l e a r  t h e  l e c t u r e  t h e a t r e  o f  s t u d e n t s  f r o m  ~ h e  p r e v i o s s  

c l a s s .  T h e y  w e r e  m i l l i n g  a r o u n d  d i s c u s s i n g  t h e  m i d t e r m  :?el: 

h a d  j u s t  x r i t t e n  f o r  t h a t  c o u r s e .  

I i n i t i a t e d  a d i s c u s s i o n  a b o u t  p o s t  m i d ~ e r r ,  " l e t c i o h ~ n "  

, - 
w i t h  s e v e r a l  s t x d e n t s .  One s p o k e  a b o u t  h i s  s e n s e  af r e l z e r  

a f t e r  w r i t i n g  t h e  t e s t ;  a n o t h e r  s p o k e  of  t h e  p r e s s u r e  t?:ar 

t h e  o t h e r  c o u r s e s  were p u t t i n g  o n  t h e n .  I w a s  approac:i+5 bl. 

o n e  s t u d e n t  w i t h  a  m a t h e m a t i c s  p r o b l e m  a n d  s p o k e  x i r h  Z.A;S 

o t h e r s  a b o u t  t h e i r  " s u p e r  c a l c u l a t o r s " .  



The instructor h a d  r emembered  h i s  p r o m l s e  zo C h a r l e s ,  

t h e  e n g i n e e r ,  a n u  s e t  t h e  p r o b l e r r s  f o r  a s s l g n m e n z  6 .  > - f r e r  

c o p y i n g  t h e  assignment o n t o  t h e  o v e r h e a d ,  t h e  :?struc:cr 

r e v i e w e d  T u e s d a y ' s  work a n d  a s k e d  cs w h e r e  h e  r a 5  e n d e z  

A f t e r  d e t e r m l n l n g  w h e r e  h e  was i n  h i s  n o t e s ,  w e  : o n L l ? l e s  

w i t h  c u r v e  sketching. 

- x3 ( x 2  - 81, t h e  W o r k i n g  w i t k  t h e  e x a m p l e  f (x) - 

I ' i l  l e t  y o u  g o  t h r c u g h  . . .  I ' l l  l e t  y o u  d o  t h e  a l g e b r a  t h e r e .  

When you c l e a n  t h i s  u p  i t  d o e s  t u r n  o u t  t o  b e  f a i r l y  ? i c e . "  

- ,  

The a l g e b r a i c  s i g p l i f l c a t i o n  was n e c e s s a r y  f o r  r l n d i ~ q  

c r i t i c a l  n u m b e r s  a n d  v e r y  u s e f u l  i n  c a l c x l a t i n c  f" (:.:) , 2.2- - - - -~ 

f f i c x l z .  i s  a  t a s k  many o f  my c l a s s m a t e s  w o u l d  f i n d  5 i i -  T h e r e  

w a s  n o t  e n o u g h  t i m e  t o  g o  t h r o u g h  t h e  h i g h  s c h o o l  a l g e b r a i c  

m a n i p u l a t i o n s ,  b u t  w o r k i n g  t h r o u g h  t h e  s i m p l i f i z a t i c ~  b : s s  

s o m e t h i n g  f r o m  w h i c h  many i n  c l a s s  c o u l d  h a v e  b e - e f i t t e d .  

A g a i n ,  when f i n d i n g  t h e  s e c o n d  d e r i v a t i v e ,  t h e  

i n s t r u c t o r  e x p e d i t e d  t h e  s o l u t i o n  b y  s a y i n g ,  "Yoc h a v  ta 

d i f f e r e n t i a t e  t h e  f i r s t  d e r i v a t i v e .  I ' m  n o t  g o i n ?  t c  do t k ~ z .  

L e t  m e  j u s t  g i v e  you t h e  r e s u l t .  I '  11 g o  " d o t ,  d ~ ~ , a o t  

e q u a l s " .  When you c l e a n  t h i s  u p ,  p l ease  c o n f i m  t h i s ,  t k i s  i z  

j u s t  a l g e b r a ,  t h i s  i s  w h a t  you a r e  g o i n g  t o  e n d  u p  w i t ? . "  



A t  8:12 w e  b e g a ~  a n o t h e r  s e c t i o n ,  3 . 5  L i m i t s  a t  

I n f i n i t y .  By t h i s  t i m e  I knew I was v e r y  t i r e d  a n d  no: 

p r e p a r e d  ~ o  z h i n k  abcu- ,  a  new t o p i c .  And I s i l s s e z t e a  ~ , z r . - ~ -  cf 

my classmates  w e r e  e q 2 a l l y  f a t i g u e d .  B u t  t h e r e  ;.:s n,- zi:? 

t o  s p a r e .  N o t w i t h s t a n d i n g  t h i s  t i m e  p r e s s u r e ,  t h e  i n s t r x : t o :  

m a n a g e d ,  t h r o u g h  p o s i n g  a  s e q u e n c e  o f  q u e s t i o n s ,  t o  c o ~ - ~ - i r z e  

u s  t h a t  n o  p o l y r o x i a l  f u n c t i o n s  h a d  h o r i z o n t a l  a s y m p t o t e s .  I 

was i m p r e s s e d  b y  h i s  q u e s t i o n ,  "Fow many h o r i z o n r a l  

a s y m p t o t e s  c a n  t h e  g r a p h  o f  a  f u n c t i ~ n  h a v e ? "  T h i s  was :)!e 

s o r t  o f  t a s k  t c  i n v o l v e  t h e  m i n d s  o f  s t u d e n t s  a +  t h e  

b e g i n n i n g  o f  a  t o p i c .  

Moments  l a t e r  a s t u d e n t  i n t e r r u p t e d  t o  a s k  a b c u t  c?e 

e x i s t e n c e  o f  i n f i n i t y .  The i n s t r u c t o r ' s  d r a w n  c u t  " w e l l "  

g r e e t e d  w i t h  l a u g h t e r .  The  d e s c r i p t i o n  o f  i ~ . f  in it;^ whit?. h e  

o f f e r e d  was  q u i t e  i n f o r m a l .  

. . . . -  T h e  i r . s t r u c t o r  f i n i s h e d  h i s  l e c t u r e  t h a t  e v e r . < ? . ~  i.'-rr: 5 

q u i e t  l a m e n t ,  "Time g o e s  s o  f a s t . "  

- > 

My u s e  a n d  e n t h u s i a s m  f o r  g r a p h i n g  c a l c u l a t a r s  w a s  >:e-- 

known b y  t h e n .  When t h e  i n s t r u c t o r  b e g a n  o n e  o f  t h e  g r a p h i n ?  

e x a m p l e s  d u r i n g  t h e  l e c t u r e  a  s t c d e n t  c a l l e d  o u r ,  " C r a i g ,  

d o n ' t  c h e a t  on  t h i s . "  

. - 
P 2 I s p o k e  w i t h  a  s t u d e n t  who was a u d i t i n g  t h e  c o c r s e .  

was  s i m p l y  a t t e n d i n g  t h e  l e c t u r e s ;  n o t  d o i n g  a s s i g n m e n r c  c r  

t a k i n g  t e s t s .  W e  a g r e e d  t h a t  t h e  i n s t r u c t o r  w a s  a  

p a r t i c u l a r l y  g o o d  t e a c h e r  a n d  t h e  s t u d e n t  s a i d  h e  p l a n n e d  t c  



e n r o l l  i n  a s  many c o u r s e s  t a u g h t  by  t h e  i n s t r u c t o r  a s  he 

c o u l d .  

I n  t h e  secor :d  t u t o r i a l  s e s s i o n ,  I was s p e a k i n g  w i t ?  

Dav id  a b o ~ t  s t u d e n t s  i n  t h i s  c l a s s  h e l p i n g  e a c h  o t h e r .  Ee 

s p o k e  a b o c t  t h e  " I ' m  a l l  r i g h t ,  J a c k "  a t t i t u d e  o f  s r u d e - f s  

a n d  commented t h a t ,  " F i r s t  y e a r  s t u d e n t s  e a t  t h e i r  0;~;:. 

y o u n g . "  C o r n p e t i t i o r . ,  r a t h e r  t h a n  c o l l a b o r a t i o n ,  seemed t o  be 

t h e  o r d e r  o f  t h e  d a y .  

T h a t  e v e n i n g ,  I g a v e  r i d e s  hone t o  b o t h  C a z k e r i n e  a n d  

E l i z a b e t h .  One o f  thern h a d  b e e n  a t  t h e  A r t s  C11!5 T h s a t r e  t:1c 

e v e n i n g  b e f o r e  and had  b e e n  w i t n e s s  t o  a  s t a b b i n c .  The 

v i o l e n c e  h a d  u p s e t  h e r  s u f f i c i e n t l y  t h a t  s h e  was f i n d i n q  i t  

d i f f i c u l t  t o  f o c u s  o n  h e r  work.  

I h a d  b e e n  s p e n d i n g  o n e  a f t e r n o o n  e a c h  weekend d o i ~ c  ty2e 

. ,  . 
a s s i g n e d  p r o b 1 e r . s .  Ass ignment  5 was t 5 e  f i r s t  of :!?re2 x.:cr 

i n v o l v e d  c u r v e  s k e t c h i n g  t e c h n i q u e s .  T h e r e  were a l s o  

p r o b l e m s  i n v o l v i n g  t h e  u s e  o f  N e w t o n ' s  Method .  I ~ O Z I ? ~  t h a r  

t h e  a s s i g n m e n t  t o o k  two t o  t h r e e  h o u r s  t o  c o n p l e t e .  I was 

f a m i l i a r  w i t h  t h e  m a t e r i a l  a n d  I was u s i n g  a c a l c u l a t o r  hi'" L - -  

r e a s o n a b l e  g r a p h i n g ,  p rogramming ,  a n d  i t e r a t i v e  c a p a b i l i t i e s .  

sr: I n  my f i e l d  n o t e s  I a s k e d ,  "How w i l l  o t h e r  s t u d e r ~ s  ;= 

t h i s  a s s i g n m e n =  w i t h o u t  s i m i l a r  s u p p o r t i n g  t e c h n o l o g y ? "  -. - 

a n s w e r  was t h a t  somewhere b e t w e e n  a s s i g n m e n t s  f o u r  a?.6 fi: .e,  

t h e  g o i n g  i n  t h i s  c o u r s e  became s u b s t a n t i a l l y  t o u g h e r  fcr a 

number o f  students. 



I a r r i v e d  e a r l y  o n  O c t o b e r  2 9  a n d  s p e n t  t h e  L i n e  

c h e c k i n g  t h e  e x a m i n a t i o n  s c h e d u l e  p o s t e d  i n  t h e  ma in  f o 5 - e r .  

Our  e x a m i n a t i o n  was t o  b e  w r i t t e n  f r c m  7 t o  1 0  p . m .  o- 

December  3 i n  3oom 1530. I went  t o  l o o k  f o r  t h i s  roc? , .  To P,: 

r e l i e f , I  f o u n d  t h a t  it c o n t a i n e d  c h a i r s  a n d  t a b l e s  w i t h  

a d e q u a t e  work  s p a c e  r a t h e r  t h a n  t h e  c r a m p e d  s e a t s  i n  t - e  

l e c t u r e  t h e a t r e  w h e r e  w e  w r o t e  o u r  m i d t e r m s .  

The l e c t u r e  b e g a n  w i t h  a  c o n s i d e r a t i o n  o f  t h e  b e k a v i 5 s r  

o f  f u n c t i o n s  2s x +fm . Once a g a i n ,  a f t e r  a  b r i e f  re vie^ 

o f  t h e  p r o j e c :  a t  h a n d  - c u r v e  s k e t c h i n g ,  t h e  i ~ s t r u c r s r  

a s k e d  a  s t u d e n t  p r e c i s e l y  w h e r e  we h a d  f i n i s h e d  o f f  l a s t  

c l a s s .  The  i m p r e s s i o n  I g a t h e r e d  f r o m  t h i s  was t h a t  ;Re 

i n s t r u c t o r ' s  n o t e s  f o r  t h e  c o u r s e  w e r e  a  c o n t i n c o u s  w h o l e  a x e  

t h a t  h e  e n d e a v o r e d  t o  p u s h  as  f a r  a h e a d  t h r o c g h  chem 33 a n y  

g i v e n  e v e n i n g  a s  t i m e  w o u l d  a l l o w .  

When t h e  i n s t r u c t o r  u s e d  a  r a t i o n a l  f u n c t i o n  t c  

i l l u s t r a t e  t h e  c o n c e p t  o f  h o r i z o n t a l  a s y m p t o t e s ,  C a t h e r i n e  

s i g n a l l e d  t o  m e  c o n s p i r a t o r i a l l y  t h a t  t h e  i n s t r u c t o r  csed a  

t e c h n i q u e  t h a t  t h e  TA h a d  p r e v i e w e d  t h e  p r e v i o u s  T h u r s d a y .  

T h e r e  was a  s e n s e  o f  b e i n g  o n e  s t e p  a h e a d  o f  t h e  l e c z u r e ,  

w h i c h  d i d n ' t  o c c u r  t h a t  f r e q u e n t l y  f o r  my c l a s s m a t e s .  

T h i s  e v e n i n g  I b e g a n  t o  n o t e  a  c h a n g e  i n   he 

1-e n o r e  i n s t r u c t o r ' s  t e a c h i n g  s t y l e  t h a t  w a s  t o  beco . , .  

p r o n o u n c e d  a s  we r u s h e d  t o  t h e  e n d  o f  t h e  c o u r s e .  Ee a s k i n :  

f a r  f e w e r  q u e s t i o n s  i n  h i s  l e c t u r e  a n d  t h e  q u e s t i o n s  h e  d i d  



a s k  seemed  t o  b e  r h e t o r i c a l .  The t i m i n g  a n d  c a t z r e  o f  t h e  

q u e s t i o n s  d i d  n o t  seem t o  i n v i t e  r e s p o r . s e  f rorc  t h e  s t ; d e ? r z .  

. , Nor was  t h e  i n s : r u z t o r  a s  p e r s i s t e n t  a s  h e  h a d  b e e p  ?zr-:sr 

- i n  d r a w i n g  acswers f r o m  t h e  c l a s s .  %he t a p e s  of t h e  l e z t x r ? :  

i n d i c a t e  a  s h i f t  t o  a  s t y l e  o f  l e c t u r e  s u i t e d  f o r  a d i s z a r : t  

a u d i e n c e  w i t h  whom n o  i n t e r a c t i o n  was a n t i c i p a t e d .  

A t  t h e  end  o f  t h e  s e c o n d  e x a m p l e ,  I o b s e r v e d  t h s z  La7v-id 

h a d  u s e d  a  TI-€51 c a l c u l a t o r  t o  c o n f i r m  t h e  s k e t c h  d e r l v z d  k;> 

i n s t r u c t o r .  

> ,  

T h e r e  w a s  some d i s c u s s i o n  a f t e r  t h e  i n s t r u c t ~ r  Rat 

w o r k e d  t h r o u g h  h i s  n o t e s  o n  t h i s  s e c t i o n .  C a t h e r i n e  zsXed a 

q u e s t i o n  w h i c h  t h e  i n s t r u c t o r  ~ o o k  t i m e  t o  a n s w e r .  Ard  :he: 

t h e  i n s t r u c t o r  commented ,  " T h e r e  i s  o n e  o b s e r v a t i o n  we ~ ? ~ o - ; l c  

make u s i n g  t h e  f i r s t  t h r e e  e x a m p l e s .  I c l a i m  t h a t  I cay. l~e:,: 

a t  t h e  r a t i o n a l  f u n c t i o n s  a n d  t e l l  you w h e t h e r  t h e  l i r i t s  [ e s  
, -  . 

x  + k 00 ] e x i s t  w i t h o c t  d o i n g  a n y  work a t  a l l .  And, I: tr,e 

l i m i t  e x i s t s ,  I c a n  t e l l  you  what  i~ i s .  N o w  t h a t  w o c l d  k e  a 

n i c e  s k i l l .  T h e r e  a r e  e n o u g h  e x e r c i s e s  i n  h e r e ,  t h a c  i s  xhay  

you  s h o u l d  b e  a i m i n g  t o  d o . "  The i n s t r u c t o r  w a s  a s k i n ?  u s  tc 

T . -  ,-. . s e a r c h  f o r  p a t t e r n s  a n d  g e n e r a l i z e  s p e c i f i c  r e s c l t s .  ; " c -  

w o r t h w h i l e  m a t h e m a t i c a l  t a s k !  

A f t e r  a  b r i e f  d i a l o g u e  w i t h  u s  on  t h e s e  r e s u l t s ,  it .dec,  

" A l l  r i g h t ,  l e t ' s  g c  o n  t o  t h e  n e x t  s e c t i o n  h e r e .  S t ~ 5 b .  

s e c t i o n  3 . 5  a n d  d o  t h e  o d d  p r o b l e m s . "  



D u r i n g  t h e  p r e a r r k l e  t o  t h i s  s e c t i o n ,  t h e  i n s ~ r u c z o z  

s o u g h t  t o  d i s t i n g c i s h  b e t w e e n  i n f i n i t e  l i m i t s  ar.6 l l r , i ~ s  a= 

i n f i n i t y .  I n  p a s s i > g ,  h e  m e n t i o n e d ,  w i t h  r e s p e c z  t o  :?:E- 

p r e v i o u s  s e c t i c r ,  "You c a n  see how e a s y  t h i s  k o r i z o n t a l  

a s y m p t o t e  b u s i n e s s  I s .  A l l  you h a v e  t o  i s  t a k e  y o c r  

c a l c u l a t o r  o u t  a n d  p l a g  a  h i g h  v a l u e  f o r  x i n  a n d  see  x k a t  

->- 4 you  come c l o s e  t o ,  t h e n  p l u g  a  l i t t l e  b i g g e r  v a l u e  i-. 

i s  t h e  b r u t e  f o r c e  m e t h o d  o f  e v a l u a t i n g  l i m i t s . "  T h i s  s ~ r . ~ ~ -  .. -. . 

m e  a  v e r y  l e g i t i m a t e  way o f  b e g i n n i n g  a n  a n a l y s i s  of 

f u n c t i o n a l  b e h a v i o u r  f a r  away f r o m  t h e  o r i g i n .  T t  w a s ,  

h o w e v e r ,  a  m e t h o d  t h a t  h a d  n o t  b e e n  e x p l i c i t l y  b r o u q k z  ~2 

a t t e n t i o n  o f  t h e  c l a s s  p r i o r  t o  t h i s  t i m e ,  a n d  b y  zh?:. zhs 

s e c t i o n  h a d  b e e n  o f f i c i a i l y  c o m p l e t e d .  

The  l e c t u r e  c o n t i n u e d  u n t i l  t h e  b r e a k .  Jcst  b e f o r e  t h e  

recess,  t h e  i n s t r u c t o r  commented on t h e  e x a m p l e  h e  hzd  !sst 

w o r k e d  t h r o u g h ,  " I n  t h e  n e x t  s e c E i o n  I ' m  g o i n g  Co p c z  a l l  sf 

t h i s  t o g e t h e r  a n d  s a y  " g r a p h  t h i s  f u n c t i o n " .  T r y  a n d  p a s - e  

a l l  o f  t h i s  i n f o r m a t i o n  t o g e t h e r  a n d  t r y  t o  g e r  z ? r a p ? - .  1; ,. , - - L A  
- ,  

c a n  e i t h e r  d o  t h a t  o r  g e t  a  s l i c k  l i t t l e  p r o g r a m ,  slip i t  

i n t o  y o u r  m i c r o ,  t y p e  i n  t h e  f o r m u l a  f o r  t h e  f u n c r i o ?  a - d ,  

z a p ,  it I s  t h e r e .  B u t  you c a n ' t  d o  i t  o n  a n  e x a m .  KG.  " 

By t h i s  t i ~ e  i n  t h e  c o u r s e ,  I h a d  h a d  a c h a n c e  zc spezk 

w i t h  a number  o f  ~ , y  c l a s s m a t e s  o n  a  v a r i e t y  o f  i s s c e s .  T?:er? 

w a s  s t i l l ,  h o w e v e r ,  a c e r t a i n  i n s e c c r i t y  o n  m y  p a r t  abo::t t h e  



d e g r e e  of a c c e p t a n c e  I was having  and t h e  depth  of r n L 7  

o b s e r v a t i o n s .  

, . 
T h i s  even ing  I made it  a p o i n t  t o  t a l k  -~;:r- two sr;ce:.rs 

who had caught  ~ . y  i n t s r e s t ,  Br ian  and P h i l i p .  Thev x e r e  

young men who had g r a d 1 ~ a t e d  f r o n  h igh  s c h o o l  l a s t  y e a r  a n d  

. . 
a lways  t r a v e l l e d  and s a t  t o g e t h e r .  That e v e n i ? ~  I fzcnc ~2s: 

t h e y  came from Vancouver I s l a n d .  In fac:, =hey l e f t  the 

l e c t u r e  a t  8  p .m.  t h a t  even ing  i n  o r d e r  t o  ca rch  a  f e r r y  tc 

t h e  I s l a n d .  We spoke abou t  a s s ignmer t  5 .  I  had foznd th:s 

. , ass ignment ,  wl tn  l c s  emphasis  on g raph ing  t o  be q x i c e  

. , 

l e n g t h y .  T h i s  p a i r  had worked t o g e t h e r  on i t  ; s i n g  a  gra2::z: 

c a p a b l e  c a l c u l a t o r  and had s t i l l  found t h e  problems Co be 

v e r y  d i f f i c u l t .  They c o n f e s s e d  c h a t  t h e y  had s p e n t  f i v e  hour5 

i n  t h e  Math Lab u s i n g  a  g r a p h i c s  c a p a b l e  c a l c c l a t o r  a n d  t k a z  

t h e y  s t i l l  had n o t  completed a l l  of t h e  g raph in?  e x e r c i s e s .  

One o f  t h e  s t u d e n t s  e x p r e s s e d  i n t e r e s t  i n  t h e  c a p a b i l i t i e s  -5 

t h e  TI-81 c a l c x l a t o r  which I  brought  wi th  me. 

I a l s o  spoke w i t h  David and C a t h e r i n e  ahc-z :sin? 

c a l c u l a t o r s  f o r  Newton's  Method. C a t h e r i n e  had a  ~ Z S ~ C  

s c i e n t i f i c  model and bemoaned t h a t  f a c t  t h a t  she  f r e q ~ e - ~ l l . '  

m i sp laced  p a r e n t h e s e s .  David s a i d  t h a c  one of  t h e  most 

v a l u a b l e  f e a t u r e s  of t h e  TI-81 was t o  s e e  a  for?r,cla i r  5:s 

e n t i r e t y  and t o  e d i t  it i f  n e c e s s a r y .  

The i n s t r u c t o r  s p e n t  t h e  break  t a l k i n g  w i t h  s t . ~ d e n E s  

abou t  s t a t i s t i c s  c o u r s e s .  



- 3 ,  
graphed 1, = x 3  and y = ( Y x ) ~  anc had reso lved  t z e  p r c s l e r  

h l m s e l f .  

A t  8:45 we reconvened and began aR example -?ear!= tc 

br ing  t o g e t h e r  a l l  t h e  previous  s k l l l s  develcpec In t'e 

x + i  
c h a p t e r :  ske tch  che graph of f ( x )  = . We xere  153 x 2 + , - 2  

methodical ly  through a l l  t h e  s t e p s ,  with m i n i m 1  i n v ? l v e % o ? t  

u n t i l  we began czns ide ra t i on  of v e r t i c a l  asyrnp:c:es. As th- 

i n s t r u c t o r  prorrpted us through the  t r a d i ~ i o n a l  convolc te5  

a n a l y s i s  of  f ( x )  a s  ,: +-2+ and x  -+-2- , i t  occurred rc F.;. 

t h a t  t h i s  was an e x c e l l e n t  p l ace  t o  use t h e  SOLVEX f u ~ c t i . 0 - 3  

a v a i l a b l e  on s e v e r a l  models of c a l c u l a t o r s  o r  a  small  

f unc t ion  eva l ca t i on  program on t h e  l e s s  advarced . ~ n i t s .  Y y  

c lassmates ,  who were wres t l i ng  with whether f  (:.:) was p o s i t i v e  

o r  nega t ive  at 1%: = - 1 . 9 ,  would probably have app rec i a t ed  scz?  

f e a t u r e s .  

When we i n v e s t i g a t e d  t h e  e x i s ~ e n c e  of verCica l  

. - 
asymptotes one s t u d e n t ,  prcbably  s u f f e r i n g  fro?, l 2 r o r n a t i o ~  

over load ,  i n t e r j e c t e d  t h a t  we had a l r eady  de t e r r i ned  :hat 

t h e r e  were no h o r i z o n t a l  asymptotes.  The i n s t r u c ~ o r  

c o r r e c t e d  him. There were no h o r i z o n t a l  t angen t s  f o r  t k i s  

g raph .  ~ o t  everyone was comfortable with t h e  l ang .~age  cf 

mathematics.  



A f t e r  s p e n d i n g  o v e r  3 0  m i n u t e s  d e v e l o p i n g  t h e  g r a p ? . ,  :he 

i n s t r u c t o r  a d m i r e d  h i s  w o r k ,  "And t h e r e ' s  y o u r  g r a p h  3f t F L i s  

r a t i o n a l  f u n c t i o n .  T h i s  i s  q u i t e  t y p i c a l  o f  w h a t  g r a p h s  gf 

r a t i o n a l  f u n c t i o n s  l o o k  l i k e .  V e r y  I n t e r e s t i n g .  Much r o r z  

i n t e r e s t i n g  t h a n  s i l l y  l i t t l e  p o l y n o m i a l s . "  

S p e a k i n g  a b o u t  c o n c a v i t y ,  t h e  i n s t r u c t o r  s a i d ,  " 3 z h e r  

t h i n g s  I c o u l d  l o o k  a t  a r e  c o n c a v i t y .  I d o  n o t  reccFrnerd i t  

f o r  r a t i o n a l  f u n c t i o n s ,  u n l e s s  I r e a l l y  f o r c e  y o u  t o  d c  i c ,  

. - 
b e c a u s e  i t  t a k e s  t h e  s e c o n d  d e r i v a t i v e  a n d  cac g e t  r e a _ - y  

- - 
qr - q u i t e  m e s s y . "  Here was a n o t h e r  g r e a t  o p p o r t u n i t y  t o  s s e  - - -  

t h e  s h e l f  t e c h n o l o g y  t o  h e l p  u s  u n d e r s t a n d  t h e s e  b a s i c  

c o n c e p t s .  

I n  c o n c l u d i n g  t h e  l e c t u r e ,  t h e  i n s t r x c t o r  s a i d ,  "1'11 

s h o w  you w h a t  I ' m  g o i n g  t o  d o  n e x t  d a y ,  i f  y o u  w a n t  Lo ~ 1 s ~ .  

3 
X - 

w i t h  i t . "  a n d  g a v e  u s  t h e  f u n c t i o n  f ( x )  = . 

O n l y  t e n  s t u d e ~ t s ,  i n c l u d i n g  m y s e l f ,  a t t e n d e d  t n e  f ~ r s :  

t u t o r i a l  s e s s i o n  o n  H a l l o w e e n .  T h e  TA was b u ~ l d l n s  s r  

q u e s t i o n s  a s k e d  l a s t  w e e k  a n d  m a t e r l a l  t h a t  h e  n a d  ? r e p a r e s  

f o r  l a s t  t l m e ,  b u t  f o r  w h i c h  w e  were n o t  y e t  reac:;. 5 i r : ~ q  

t h i s  c l a s s ,  I o v e r h e a r d  o n e  s t u d e n t  e x c l a i m ,  " I ' l l  be q l a o  

when t h i s  c o u r s e  i s  o v e r . "  

A  s u b s t a n t i a l  a m o u n t  of t i m e  w a s  s p e n t  b y  f h e  T-\ 

d e t a i l i n g  t o p i c s  t h a t  h e  f e l t  w o u l d  be o n  t h e  n e x t  midterm. 

I t  w a s  r e c o m m e n d e d  t h a t  w e  l e a r n  t o  l i k e  N e w t o r ' s  m e ~ k o s .  



One s t u d e n t  r e p l i e d  t h a t  s h e  mus t  b e  d y s l e x i c ,  b e c a u s e  she 

n e v e r  g o t  t h e  same a n s w e r  t w i c e .  

B e f o r e  l e c z u r e ,  t h e  i n s t r u c t o r  s p e n t  t i m e  t ~ l k i n ~  u i t k  E 

- ,  
s t u d e n t  a b o u t  a  l i n g u i s ~ i c s  c o u r s e  s h e  was t a k i n q .  ; 3 k ; n s  

w i t h  t h e  c l a s s ,  t h e  i n s t r u c t o r  q u i p p e d ,  " I ' m  g o i n g  t 3  g i v  

you  a  t r e a t .  we l l ,  i t  c o u l d  be a  t r i c k  o r  a t r e a t . "  T h i s  x a ~  

f o l l o w e d  b y ,  " I f  I g a v e  you a  f o r m u l a  f o r  a  f u n c z i o n  276 

a s k e d  you  t o  g r a p h  i t ,  w h i c h ,  o f  c o u r s e ,  I a m  c o i n g  Ls '59, 

wha t  w o u l d  y o u  d o ? "  

W e  b e g a n  t o  a n a l y z e  t h e  f u n c t i o n  h e  h a d  q i v e n  u s  l a s t  

c l a s s .  The  d e v e l o p m e n t  o f  t h i s  e x a m p l e ,  a s i d e  f r o m  a p s i r  cf 

c o r r e c t i o n s  o f f e r e d  b y  C a t h e r i n e  a n d  a  d i g r e s s i o n  a b 3 x r  

- .  
f i n d i n g  t h e  c u b e  r o o t s  o f  n e g a t i v e  number s  o n  a h a n d  t ~ e - 2  

c a l c u l a t o r ,  w a s  s t r a i g h t f o r w a r d ,  b u t  r a p i d .  

A s  t h e  i n s t r u c t o r  p r o g r e s s e d  t h r o u g h  t h e  e x a m p l e ,  :he 

p a c e  o f  h i s  p r e s e n t a t i o n  b e g a n  t o  p i c k  u p .  H e  b e g a n  a s : < i n g  2 

number  o f  r h e t o r i c a l  q u e s t i o n s ,  w h i c h  h e  q u i c k l y  a n s w e r e d  

h i m s e l f .  T h e r e  was s t u d e n t  r e s p o n s e  t o  some o f  t h e  

q u e s t i o n s ,  b u t  o v e r a l l  t h e r e  w a s  a s e n s e  o f  r u s h i n g  t k r o _ g t  

t h e  w o r k .  The  i n s t r u c t o r  d i d  r e p l y ,  a l b e i t  b r i e f l y ,  t o  

q u e s t i o n s  f r o m  t h e  s t u d e n t .  

P T h i s  o n e  e x a m p l e  c o o k  a n o t h e r  h a l f  h o u r  t o  d e v e i o p .  ',r.e 

h o u r  o f  l e c t u r e  t i m e  h a d  b e e n  s p e n t  on  w o r k i n g  t h r o u g h  zwo 

c u r v e  s k e t c h i n g  p r o b l e m s .  



A t  8 :  1 0  t h e  i n s t r . d c ~ o r  gave us a  preamble t o  s ec t i c r .  

3 . 8 ,  word problems involving maximum and minin.;m va lues  of 

f u n c t i o n s .  While t h e  i n s t r u c t o r  d iscussed t h e s e  p r o b l e ~ . ~  i:! 

a  gene ra l  c o n t e s t ,  I found myself j o t t i n g  down i n  m y  no t e s  

t h a t  I was t i r e d ,  f a t i gued ,  and uncomfortable.  (Lower back 

problems were exacerbated by t h e  l e c t u r e  t h e a t r e  s e a E s . )  A t  

. . t h a t  t ime ,  t h i s  r e sea rch  instrument was not o p e r a t i n c  a: fc-- 

c a p a c i t y .  I had t o  be l i eve  t h a t  my c lassmates  a l s o  

exper ienced pe r iods  of i n a t t e n t i o n .  

A t  8:20 t h e  i n s t r g c t o r  began t h e  demonstrat ion r h a z  z h 3  

l a r g e s t  r ec t ang le  of f i x e d  per imete r  i s  a squa re .  T o  my 

astonishment ,  t h e  s tuden t s  d id  not seem f a m i l i a r  x i t h  zkese 

r e s u l t s .  I t c o  was g u i l t y  of assuming what was cornnor 

knowledge. There was not  enough time l e f t  t o  complete -he 

problem, so t h e  i n s t r u c t o r  t o l d  us we would conEinue w i t h  i t  

next  c l a s s .  

In t h e  l a t e r  t u t o r i a l  s e s s i o n ,  Thomas and t h e  T A  brc,: .e 

o f f  t o  d i s c u s s  a problem while David, Catherine and I xcrked 

t o g e t h e r  on implementing Newton's Method on a  c a i c n l a t o r .  A s  

a  group we worked through an problem t h a t  had been sucgesced 

. . 
by a  s tuden t  i n  t h e  f i r s t  s e s s i o n .  Towards t h e  end, 3s-v.:2 

and t h e  TA spoke about what a  f i r s t  c a l cu lus  co,Lrse s k a o ~ l , 2  

cove r .  The TA thought t h a t  t h e  bes t  t e ch r iques  should ? e  

p re sen t ed  f i r s t  and then  the  h i s t o r y  of t h e  sub jecr  e:x:p:ored. 



D a v i d  h a a  b e e n  r e a d 1 3 9  t h e  t e x t b o o k  m a r g l n  n o t e s  Enc . ~ - s : ~ z e ~  

t o  know "who ~ h : s  F e r m a t  g u y  1s".  

A t  t h e  e n d  o f  t h e  s e s s i o n ,  t h e  TA 1 r a d v e r t e r : ; y  cause= 

a n  o u t b u r s t  of h l l a r ~ t y  when h e  a s k e d  i f  a n y  o f  >JS w e r e  r a c ~  

m a j o r s .  



November 5 t o  December 3 ,  1 9 9 1  

Before t h e  November 5 l e c t u r e ,  I met with 3 r i a n  2 n C  

P h i l i p  on t h e  e s c a l a t o r .  I a l s o  spoke with ano t9er  s t udez t  

(whose name I s t i l l  d id  not know) about t h e  exarninatloz 

s chedu le .  There was some concern on h e r  p a r t  about how l a t e  

t h e  examination was i n  t h e  evening and t h e  f a c t  t h a t  i t  was 

be ing  he ld  a t  Harbour Cen t r e .  I t  occurred t o  me  the^ t h a t  

c h i s  was not  t h e  s a f e s t  p a r t  of t h e  c i t y  a t  nigh,. 

When I a r r i v e d  a t  t h e  classroom, Rarry and Char les  xere  

d i s c u s s i n g  dams i n  t he  Columbia River system and 

h y d r o e l e c t r i c  power requirements .  There was some degree of 

s o c i a l  i n t e r a c t i o n  i n  t h e  c l a s s .  

Ca ther ine  and another  s tuden t  sought me ou t  f c r  advice  

on some problems from t h e  assignment.  Thomas a r r i v e d  wlthour 

no tepaper ,  but  obta ined some quickly  from myself a=d ano ther  

s t u d e n t .  

The i n s t r u c t o r  opened t h e  l e c t u r e  by asking us how we 

i d e n t i f y  max/min problems and encouraging us t o  draw a  

diagram, r e g a r d l e s s  of what type of word problem we a r e  

s o l v i n g .  A f t e r  d i s cus s ing  problem so lv ing  i n  gene ra l ,  we 

worked through an example from t h e  t e x t .  

The p r e s e n t a t i o n  was no tab le  f o r  t h e  lack of srsder,? 

i n t e r a c t i o n  and f o r  t he  i n s t r u c t o r ' s  use of a c a i c u l a t o r  tc 

move from exac t  va lues  t o  decimal approximat ions .  The 

c a l c u l a t i o n s  were done i n  c l a s s  and took some t ime .  3orr.e 



s t u d e n t s  w o r k e d  t h r o u g h  t h e  c a l c u l a t i o n s  u s i n g  t h e i r  

, , c a l c u l a t o r s .  T h e r e  was some d i f f i c u l t y  i n  a r r ~ v l n g  a t  

c o n s e n s u s  o n  t h e  r e s u l t i n g  a p p r o x i m a t i o n s .  

A t  8:00 p . m . ,  a f t e r  t e l l i n g  u s  t h a t  w e  w o 7 ~ l a  s e e  a 

max/min  p r o b l e m  o n  t h e  upcoming  m i d t e r m ,  t h e  i n s t r u c t c r  

d i g r e s s e d ,  s a y i n g , " W h a t  o t h e r  t h i n g s ?  L e t ' s  s p e c u l a t e .  b r h ~ ~  

m i g h t  w e  f i n d  o n  t h e  f i n d  o n  t h e  f i n a l  e x a m i n a t i o n ? "  %e 

s o l i c i t e d  s u g g e s t i c n s  f r o m  t h e  c l a s s  a n d  a d d e d  t o  zhe r r .  

"I w a n t  you t o  s t u d y  s e c t i o n  3 . 1 0 .  N o t i c e  t h a r  w e  a re  

l e a v i n g  o u t  s e c t i o n  3 . 9  o n  a p p l i c a t i o n  o f  max imin  t h e o r y  :c 

e c o n o m i c  p r o b l e m s .  T h o s e  a r e  t h e  s o r t  o f  p r o b l e m s   yo.^ ~ a k e  i r .  

Math 1 5 4  o r  1 5 5  [Math  1571." S e c t i o n  3 . 1 0  d e a l t  w i t h  

a n t i d e r i v a t i v e s .  

A t  t h i s  t i m e ,  t h e  i n s t r u c t o r  p o i n t e d  o c t  t h a t  t h e r e  

w o u l d  be p r o b l e m s  i n  s e c t i o n s  6 . 5 ,  6 . 8 .  6 . 9  a n d  9 . 2  t h a t  we 

c o u l d  n o t  d o  w i t h o u t  f u r t h e r  work o n  i n t e g r a t i o n .  When o n e  

s t u d e n t  s u g g e s t e d  t h a t  w e  wou ld  i d e n t i f y  t h e s e  p r o b l e m s  b y  

n o t  u n d e r s t a n d i n g  them,  t h e  i n s t r u c t o r  r e p l i e d ,  t o  :he 

u n i v e r s a l  amusement  o f  t h e  c l a s s ,  " W e l l ,  you  w o n ' t  know how 

t o  d o  t h e m .  Bu t  t h a t ' s  n o t  g o o d  c r i t e r i a .  W e  a l l  know ~ ~ 2 :  

t h a t ' s  n o t  g o o d  c r i t e r i a  t o  u s e . "  

T h e  i n s t r u c t o r  w o r k e d  h a r d  a t  e s t a b l i s h i n g  i n z g e s  cf 

r e v e r s i n g  t h e  d e r i v a t i v e  p r o c e s s .  H e  s t r o n g l y  s u g g e s t e d  t t a r  

it w a s  o f t e n  much more d i f f i c u l t  t o  f i n d  a n  a n t i d e r i v e t i v e  

t h a n  it w a s  t o  d i f f e r e n t i a t e .  T h e r e  w a s  a l s o  a  l o t  o f  



f o r w a r d  r e f e r e n c i n g  t o  t h e  Math 1 5 2  c o u r s e .  I n  f a c t ,  t h e r e  

w a s  s o  much t a l k  o f  n e x t  s e m e s t e r ' s  work ,  o n e  s t u d e n t  w a n r e 3  

t o  know if  w e  w e r e  r e s p o n s i b l e  f o r  t h i s  s e c t i o n  i n  t h i s  

c o u r s e .  

The  i n s t r u c t o r  made w h a t  w a s  f o r  m e  a t e l l i n g  conmen:, 

" I ' m  n o t  s o  s u r e  t h a t  i f  I w e r e  d e s i g n i n g  t h i s  c o u r s e ,  I 

w o u l d  h a v e  l e f t  t h i s  s e c t i o n  i n .  The  i n t e g r a t i o n  i s  2 s c a l l y  

k e p t  s e p a r a t e .  " The i n s t r u c t o r  w a s  r e s p o n s i b l e  f o r  a e l ; v e r l - ,  

n o t  d e s i g n  o f  t h e  c u r r i c u l u m .  H e  d i d  t a k e  t h e  o p F o r t , ~ n l z ; . ,  

. 
h o w e v e r ,  t o  t a l k  a b o u t  b r a n c h e s  o f  c a l c u l u s .  T * , i s  l n c l c a e d  

d e s c r i b i n g  d i f f e r e n t i a l  e q u a t i o n s  a s  t h e  l a n g u a g e  o f  p h y s i c s  

a n d  e n g i n e e r i n g .  The  i n s t r u c t o r  b r i e f l y  s p o k e  w i t h  onglneer 

( C h a r l e s )  a b o u t  h i s  b a c k g r o u n d  a n d  k n o w l e d g e  o f  d i f f e r e c t i a :  

e q u a t i o n s .  

A c o n s i d e r a b l e  amount  o f  e f f o r t  was s p e n t  on  t h e  ?an- 

u n i q u e n e s s  o f  t h e  i n d e f i n i t e  i n t e g r a l .  T h e  Mean V a l u e  

T h e o r e m  w a s  i n v o k e d  by  t h e  i n s t r u c t o r  t o  show t h a t  

a n t i d e r i v a t i v e s  d i f f e r e d  b y  a t  m o s t  a  c o n s t a n t .    YO^ ca r ,  

e a s i l y  show u s i n g  t h e  Mean V a l u e  Theorem,  if a  f c n c t i o n  h a s  

a t  l e a s t  o n e  a n t i d e r i v a t i v e  t h e n  a l l  o f  i t s  a n z i d e r i v e t l v e s  

c o n s i s t  o f  t h a t  o n e  p l c s  a n y  a r b i t r a r y  C o n S t a n r  y o c  migkt 

w a n t  t o  a d d  a n d  t h e r e  a r e  n o  o t h e r  o n e s  a t  a l l . "  

T h e r e  were a l l u s i o n s  t o  t h e  r o l e  o f  p r o o f  i n  t h e  s z d c y  

o f  c a l c u l u s ,  b u t  t h e r e  d i d  n o t  s e e m  t o  b e  a n y  c l e a r  s e z s e  o f  

wha t  was t o  be a c c o m p l i s h e d  b y  these r e f e r e n c e s .  W e  were n o t  



he ld  r e spons ib l e  f o r  d u p l i c a t i n g  o r  c r e a t i n g  p r o o f s .  Ncr, E : ,  

, - 
t h e  term progressed  and t h e  r a t e  a t  which we covered rr.ater:a- 

i nc rea sed ,  were we pas s ive ly  exposed t o  p roo f s  a s  we kae  bee:, 

e a r l i e r .  The i n s t r u c t o r  sought t o  cont inue our exposure t a  

p roo f s  by r e f e r r i n g  us t o  t h e  t e x t .  For our  no t e s ,  he x r c t e  

and s a i d ,  " I t  i s  easy t o  show (and t h e  book does :'is 

a c t u a l l y )  u s ing  Theorem 3 . 1 5  (and I want you t o  look az z?.at)  

and Theorem 3 . 4 6 .  The proof of t h i s  theorem involves  t 5 e  

Mean Value Theorem. So i t  does a l l  b o i l  down t o  t h e  M e z ~  

Value Theorem. Remember, why d id  we s tudy t h e  p:ear. Valxe 

Theorem? T h a t ' s  t h e  theorem which i s  r e a l l y  aE t h e  core  of 

a l l  t h e  t h e o r e t i c a l  c a l cu lus  r e s u l t s . "  

The i n s t r u c t o r ' s  p r e sen t a t i on  on a n t i d e r i v a t i v e s  was i- 

c o n t r a s t  t o  t h e  r a p i d i t y  of h i s  development of t h e  min/rr,a:>: 

problems.  He l e f t  a b i t  more time f o r  s tuden t  respcnses  t c  

h i s  q u e s t i o n s .  How d id  he decide  which t o p i c s  t o  rusk. 

through and those  on which t o  spend more t ime?  

During t h e  r eces s ,  t h e  i n s t r u c t o r  advised us t h a t  :here 

would be no problem assignment f o r  t h i s  week a s  t h e  secczd 

midterm was approaching.  He a l s o  spent  t ime sugges t ing  s t c c y  

s t r a t e g i e s .  

-,; i ,2 MY conversa t ions  during break included ta lXin5  ;a - -  

and t h e  read ing  he was doing t o  l e a r n  more abouz t h e  

h i s t o r i c a l  an tecedents  of c a l c u l u s .  The margin no tes  ir. t h e  

textbook about Fermat had caught h i s  i n t e r e s t .  Ca ther l?e ,  



d i s c u s s i n g  a n  a s s i g n e d  p r o b l e m ,  w a n t e d  t o  k n o ~  s o m e t k i n c  

a b o u t  t h e  r e l a t i o n  o f  complex  a n d  r e a l  n u m b e r s .  S h e  a l s 3  

s p o k e  a b o u t  h a v i n g  s t u d i e d  i n t e g r a t i o n  i n  h i g h  s c h o o l  z ~ d  'ex 

c o n c e r n  a b o u t  t h e  r o l e  a n d  i m p o r t a n c e  o f  t h e  c o n s t a r z s  cf 

i n t e g r a t i o n .  

O t h e r  s t u d e n t s  c h o s e  n o t  t o  t a l k  w i t h  t h e i r  c i a s s x c z e s .  

One s a t  b a c k  a n d  r e a d  a  Tom R o b b i n s '  n o v e l .  A n o t h e r ,  aha I 

e n c o u n t e r e d  i n  t h e  h a l l w a y ,  a v o i d e d  e y e  c o n t a c t  w i t h  me .  

T h e r e  w a s  a m p l e  o p p o r t u n i t y  f o r  a s t u d e n t  t o  r e p . a i n  i s o l z s e d  

i n  t h i s  c l a s s ,  d e s p i t e  t h e  s m a l l  number  o f  s t u d c n t s  End 

c o n g e n i a l  a t m o s p h e r e  t h e  i n s t r u c t o r  s t r o v e  t o  e s t a b l i s h .  ' 5 ~  

l e c t u r e  t a p e s ,  h o w e v e r ,  d o  c a p t u r e  many s t u d e n t s  e n g a q e d  ir 

a n i m a t e d  c o n v e r s a t i o n s  t h r o u g h o u t  t h e  b r e a k .  T h e r e  w a s  :he 

o p p o r t u n i t y  f o r  s o c i a l  i n t e r a c t i o n ,  b u t  n o  f o r c e s  p c s k i ~ ~ q  t h e  

s t u d e n t  t o w a r d s  t h a t  s o r t  o f  i n v o l v e m e n t .  

A f t e r  b r e a k ,  a s  t h e  i n s t r u c t o r  was w o r k i n g  h a r d  tc 

e s t a b l i s h  t h e  a n t i d e r i v a t i v e  o f  x n ,  t h e  j s y m o l  w a s  

n i n t r o d u c e d  a s  a s t r e t c h e d  S f  s u g g e s t i n g  s u m m a t i o n .  I , .  

p a s s i n g ,  t h e  i n s t r u c t o r  m e n t i o n e d  t h a t  "summing c e r t E l c  

q u a n t i t i e s "  l e a d s  t o  a n t i d i f f e r e n t i a t i o n .  How much 

f o r e s h a d o w i n g  i n  a  c o u r s e  s u c h  as  t h i s  i s  w i s e ?  

W h i l e  t h e  i n s t r u c t o r  was l e c t u r i n g ,  t h e r e  was a c  

o c c a s i o n a l  b e e p  f r o m  where  M i c h a e l  s a t .  H e  was w o r k l r g  ,v:::- 

h i s  HP48S c a l c u l a t o r ,  p r o b a b l y  a t t e m p t i n g  t o  g e t  15 t o  cc 2 

f o r m a l  i n t e g r a t i o n .  The b e e p s  O C C - ~ r r e d  when h e  e n t e r e d  



i n f o r m a t i o n  t h e  c a l c u l a t o r  c o n s i d e r e d  i n a d e q u a ~ e  ar 

i n s u f f i c i e n t .  I n o t e d  t o  m y s e l f  t h a t  I s h o u l d  t e l l  h i p ,  hob; tc 

d e a c t i v a t e  t h a t  p a r t i c c l a r  f e a t u r e .  

- The i n s t r u c t o r  t o o k  h i s  m a t e r i a l  on  a n t i d e r i - v - a t i ~ v - e c  ;;e-- 

b e y o n d  t h a t  c o v e r e d  i n  t h e  t e x t b o o k .  The  t e x t b o o k  was 

c o n t e n t  w i t h  a  v e r y  s m a l l  l i s t  o f  a n t i d e r i v a t i v e s  w h i c k  

i n c l u d e d ,  w i t h o u t  e x p l a n a t i o n ,  t h e  r e s t r i c t i o n  n  f -1 i v - l e -  

a n t i d i f f e r e n t i a t i n g  x n .  "Hey, what  h a p p e n s  t h e n ?  W e  s h e z l d  

j u s t  l o o k  a t  t h i s  o n  t h e  s i d e .  What a m  I t a l k i n g  a b o . ~ ;  h e r e ?  

I f  n  w e r e  e q u a l  t o  -1, I ' d  b e  t r y i n g  t h i s  p r o b l e m  h e r e ,  

J": d x .  W e l l  you know, d o n ' t  you?  T h a t ' s  t h e  i q a r i z h r n  

f u n c t i o n ! "  The c l a s s  e r u p t e d  i n  l a u g h t e r  a t  t h e  a s s c r n p t i e ;  

t h a t  we r e c o g n i z e d  t h a t  p a r t i c u l a r  r e p r e s e n E a t i o n  of :he 

l o g a r i t h m  f u n c t i o n .  The  i n s t r u c t o r  w a n t e d  t o  show u s  

d e f i n i t i o n  o f  t h e  l o g a r i t h m  f u n c t i o n ,  b u t  r e a l i z e d  h e  t ~ o u i d  

h a v e  t o  d i s t i n g c i s h  b e t w e e n  d e f i n i t e  a n d  i n d e f i n i r e  

i n t e g r a l s .  N o n e t h e l e s s ,  h e  c o n t i n u e d  w i t h  t h e  d e f i n i t i o n .  

T h i n k i n g  b a c k  t o  my own t e a c h i n g  e x p e r i e n c e ,  1 was 

s t r u c k  by t h e  t h o u g h t  t h a t  o f t e n  t h e  i n s t r u c t o r  n e e d s  a 

c e r t a i n  s e l f - d i s c i p l i n e  i n  p r e s e n t i n g  i n t r o d u c t o r y  c o n c e s : ~ .  

The  i n s t r u c t o r  h a d  s t a t e d  t h a t ,  i f  h e  were d e s i g n i n 9  t h e  

c o u r s e ,  h e  m i g h t  n o t  i n c l u d e  t h i s  s e c t i o n  o n  

a n t i d i f f e r e n t i a t i o n .  On t h e  o t h e r  h a n d ,  h i s  p r e s e n t a t  lsn let: 

i n t o  much n o r e  m a t e r i a l  t h a n  t h e  t e x t b o o k ,  t h e  " b i b l e  f ~ r  

t h i s  c o u r s e " ,  r e q u i r e d  o f  U S .  



B y  3:00 p . m .  t h e  s t u d e n t s  had l o s t  t r a c k  cf ; $he re  Tg;e 

w e r e .  The i n s t r u c t o r  s o u g h t  t o  r e - e n g a g e  o u r  a t z e n t i o n  w i t h  

7 f ,  a  s e r i e s  o f  q u e s t i o n s ,  "What i s  t h e  a n t i d e r i v a t i v e  o f  . . . .  

T h e r e  was l i t t l e  r e s p o n s e .  

T h e r e  was some n i c e  meta-commentary on  hok 

a n t i d i f f e r e n t i a t i o n  w a s  i n t r i n s i c a l l y  more d i f f i c u l t  z h z r  

d i f f e r e n t i a t i o n .  "And i t ' s  n o t  an  e a s y  p r o b l e m  

[ a n t i d i f f e r e n t i a t i n g  t h e  c o s e c a n t  f u n c t i o n ]  50 co. I t  ' .= v e r -  

s i m p l e  when you know t h e  t r i c k .  Wnich I ' m  n o t  g o i n g  t o  s h o x  

y o u . "  The e n s u i n g  l a u g h t e r  b r o u g h t  home t h e  f s r t  t h a c ,  

t o n i g h t ,  we w e r e  l a u g h i n g  a t  o u r  l a c k  o f  k n o w l e d g e .  

P r o p e r t i e s  o f  a n t i d e r i v a t i v e s  a n d  f u r t h e r  e x a m p l e s  

f o l l o w e d .  T h r o u g h o u t ,  t h e r e  was c o n s t a n t  r e f e r e n c e  t o  :he 

c o n s t a n t s  o f  i n t e g r a t i o n .  They seemed t o  t a k e  on a n  

i m p o r t a n c e  a l l  o u t  o f  p r o p o r t i o n  t o  t h e i r  r o l e  i n  t h l s  

i n t r o d u c t i o n  t o  t h e  t o p i c .  

The i n s t r u c t o r  i d e n t i f i e d  two o f  t h e  properties he kla5 

l i s t e d  a s  t h e  l i n e a r i t y  p r o p e r t i e s  o f  a n t i d i f f e r e n t l a t i c r . .  3e 

m e n t i o n e d  t h a t  " i f  you e v e r  t a k e  l i n e a r  a l g e b r a "  w e  would 

e n c o u n t e r  l i n e a r  o p e r a t o r s  r e p r e s e n t e d  Sy  m a t r i c e s .  

A n t i d i f f e r e n t i a t i o n  was a n  example  o f  a  l i n e a r  o p e r a t o r .  

T h i s  was a  f o r e s h a d o w i n g  o f  l a t e r  m a t h e m a t i c s  c o c r s e s  t h a t  I 

had n o t  a n t i c i p a t e d .  

Wi th  f i f t e e n  t o  t w e n t y  m i n u t e s  l e f t ,  t h e  i n s t r u c t o r  

a s k e d  u s  t o  r e a d  a  b r i e f  r e v i e w  o f  e x p o n e n t i a l  f u n c ~ i o r . ~  I? 



s e c t i o n  6 . 1 .  A s t u d e n t  b l u r t e d  o u t ,  " W e ' r e  i n  c h a p t e r  6 

now!" A f t e r  t h e  l a u g h t e r  had  s u b s i d e d ,  t h e  i n s t r u c r o r  2 o t e d  

t h a t  a l t h o u g h  w e  were i n d e e d  i n  c h a p t e r  s i x ,  w e  wocld  n o t  

c o v e r  m a t e r i a l  i c  t h e  i n t e r v e n i n g  c h a p t e r s .  T h i s  s t c d e n :  X Z F  

c l e a r l y  n o t  u s i n g  t n e  s y l l a b u s  t o  k e e p  t r a c k  o f  .3ur p r o g r e s s  

t h r o u g h  t h e  c o u r s e .  H e ,  and  I s u s p e c t  many o t h e r s ,  % e r e  

a l o n g  f o r  t h e  r i d e ;  c o n t e n t  t o  f i n d  o u t  where  w e  w e r e  g c i c c  

a s  s o o n  a s  t h e  i n s t r u c t o r  t o l d  u s .  

Dav id  commented t o  m e  t h a t  h e  h a d  h e a r d  t h e  worS 

" r e v i e w "  b e f o r e  i r  this c o u r s e  a n d  h e  h a d  s e r i o 1 : s  doubts 

a b o u t  how much o f  it would  b e  n o t h i n g  more t h a n  r e v i e x .  

The i n s t r u c t o r  d e v e l o p e d  t h e  g r a p h  o f  y  = 2::. Ye -p r  ? -  .. L S  

t o  g i v e  him f u n c t i o n  v a l u e s  f o r  x = 0,  1, 2 ,  3 ,  b u t  we 

f a l t e r e d  when h e  a s k e d  f o r  t h e  v a l u e  o f  2 - 3 .  One s t u d e p z  

o f f e r e d  -8 a s  a n  a n s w e r .  T h i s  would  b e  a  h a r d  " r e v i e x "  Lopic 

f o r  some .  

What was p a r t i c u l a r l y  n i c e  a b o u t  d e v e l o p i n g  t h e  g r a p h s  

o f  e x p o n e n t i a l  f u n c t i o n s  p r i o r  t o  b e i n g  a b l e  ta d l f f e r ? : . t i a r e  

t h e  f u n c t i o n s  was t h a t  t h e  c u r v e  s k e t c h i n g  t e c h p i q u e s  ~ 2 2 l c  

b e  r e v e r s e d .  R a t h e r  t h a n  t h e  d e r i v a t i v e s  g i v i n g  u s  

i n f o r m a t i o n  a b o u t  t h e  g r a p h s ,  t h e  g r a p h s  y i e l d e d  i n s i g h :  i n z o  

t h e  n a t u r e  of t h e  j e r i v a t i v e s .  The m o n O t O n i ~ i ~ y  Cf the 

g r a p h s  o f  = a" t o l d  u s  t h a t  y' > O f o r  a > 1 a n d  v '  < 3 for 

0  < a  < 1. When f ( x )  = a x  was i d e n t i f i e d  a s  a monotonic:  



f u n c t i o n ,  C a t h e r i n e  q u i c k l y  q u i p p e d  t h a t  t h e y  were  ~,z:.a:::.z~: 

f u n c t i o n s .  

9 

I a r r i v e d  f o r  t h e  f i r s t  t u t o r i a l  s e s s i o n  o z  No-;ember 

t o  f i n d  S u s a n  t a l k i n g  w i t h  t h e  TA a?.d s e v e r e 1  s t x d e n r s  

d i s c u s s i n g  t h e i r  t r a v e l s  i n  E u r o p e .  When t h e  a s s i g n ~ . e - r s  

w e r e  r e t u r n e d ,  I f o u n d  t h a t  p e r h a p s  I was b e c o a l n g  t s c  

i n v o l v e d  i n  my s t u d e n t  r o i e .  The TA h a d  marked  3 c e  \sf ?.y 

s o l u t i o n s  a c c o r d i n g  t o  t h e  s o l u t i o n s  m a n u a l  h e  h a d .  I t  .&as 

c l e a r  t o  m e  t h a t  t h e  m a n u a l  h a d  m i s i ~ t e r p r e t e d  c h e  quest lo: .  

a n d  t h a t  m y  s o l u t i o n  was c o r r e c t .  The T A  o f f e r e 4  t o  adj : s t  T? 

' - - 3  m a r k s .  A l t h o u g h  I had l o s t  p e r s p e c t i v e  (; was t i r e d  ,:a _-, 

. . 
a t  t h e  t i m e ) ,  I h a d  r e a s o n  t o  b e l i e v e  t h a t  my c l a s s n a r e s  nza  

. . e x p e r i e n c e d  s i m i l a r  f e e l i n g s  o f  f r c s t r a t i o n  when t h e y  - 2 2  -ad 

t h e i r  a s s i g n m e n t s  a n d  t e s t s  r e t u r n e d .  The m a j o r  d i f f e r e r z e  

w a s  t h a t  I h a d  t h e  e x p e r t i s e  t o  a r g u e  my c a s e .  

T h e r e  w e r e  o n l y  e i g h t  p e o p l e  i n  a t t e n d a n c e  t h a t  e',-e?:-z, 

a l t h o u g h  t h e r e  was a  t e s t  s c h e d u l e d  f o r  n e x t  week .  31, :.sres 

F 2 - -  f o r  t h i s  h o u r  w e r e  s k e t c h y .  A t  o n e  p o i n t  I w r o t e  t h a t  I .. .A 

f a l l e n  a s l e e p .  I would g u e s s  t h a t  many o f  t h e  s~ude:.:c ?;er? 

as  t i . r e d  a s  I w a s .  

C h a r l e s  a s k e d  t h e  TA t o  work t h r o u g h  a  p r o b l e m  i n  

d e t a i l .  M i c h a e l  a n d  t h e  TA s p o k e  a b o u t  t h e  u s e  cf r h e  

q u a d r a t i c  f a r m ~ l a .  When M i c h a e l  t r i e d  t o  s h o ~  a  n e i g h h c r  

some work h e  h a d  done o n  t h e  HP48S  c a l c u l a t o r ,  the  r . e i q k b c r  



e x c l a i m e d ,  " G e t  a w a y  frorr ,  me! ", ir! mock h o r r o r .  I f o x r . c  r !c  

c o h e r e n c e  i n  t h e  e v e n t s  o f  t h a t  t i o u r .  

- 4s t h e  i n s t r u c t o r  w a s  s e t t i n g  u? f o r  t h e  l e c t u r e ,  ?.r 

a s k e d  u s ,  p l a i n t i v e l y ,  " D o e s  a n y o n e  e v e r  l i s t e n  z o  x i e s e  

. , 
t a p e s ?  B e s i d e s  C r a i g ? "  S t u d e n t s  r e p s o n d e d  b y  Y e l l i n g  ri? 

how d i f f i c u l t  i t  w a s  f o r  some o f  t h e m  t o  access  t h e  librer.: 

w h e r e  t h e  t a p e s  w e r e .  A n o t h e r  s t u d e n t  s p o k e  aScu:  u s i n g  :?z 

, . 
t a p e s  s h e  made  h e r s e l f .  T h e  i n s t r u c t o r  w a s  i n t e r e s t e a  1: 23\,: 

s h e  u s e d  t h e s e  r e c o r d i n g s  a n d  h e  s p o k e  o f  t h e  pote?tisl ~5 

v i d e o t a p i n g  a  l e c t u r e .  

l i m  1 
T h e  n u m b e r  e w a s  d e f i n e d  a s  x+oo (1 + - ) "  a n d  -he x  

i n s t r u c t o r  t r l e d  valiantly t o  h a v e  u s  i d e n t i f y  1: a s  ar 

i r r a t i o n a l  n u m b e r .  T h i s  definition w a s  i n  c o n t r a s t  z c  :-e 

t e x t b o o k ' s  d e f i n i t i o n  o f  e a s  t h e  n u m b e r  s u c h  r h a c  

l i m  eh - 1 

h-0 h  
= 1 .  T h e  i n s t r u c t o r  was e m b e l l i s h i c ~  t h e  

m a t e r i a i  i n  t h e  " b i b l e  f o r  t h e  c o u r s e " .  

A f t e r  t a l k i n g  a b o u t  f  ( x )  = ex b e i n g  t h e  r r ,os t  i m p o r x . - . z  

of t h e  e x p o n e n t i a l  f u n c t i o n s ,  t h e  i n s t r c c t c r  a d d e d ,  "?;z;.. 2 

. . 
g o o d  q u e s t i o n  t h a c  s h o u l d  b e  g o i n g  t h r o u g h  y o L r  n i n c i  a t  z c : s  

t i m e  i s  'Why i s  t h i s  f u n n y  n u m b e r  e s o  i m p o r t z n t ? '  - ' p l ~ 7 =  - A L L & -  - 2  

- a v e r y  g o o d  r e a s o n  f o r  i t ,  w h i c h  w e  s h a l l  see i r  a l i t t l c  

w h i l e . "  F r o m  t h i s  p o i n t ,  t h e  d e v e l o p m e n t  o f  t h e  t o p i c  

f o l l o w e d  t h e  t e x t b o o k ' s  d e v e l o p m e n t  much m o r e  c l o s e l y .  



The  d e v e i o p m e n t  o f  ex a s  t h e  e x p o n e n t i a l  f c n c z l o r .  ~.:ko_c? 

t a n g e n t  l i n e  a t  x = C h a d  a  s l o p e  of 1 w a s  new tz n e  a n -  : 

f o u n d  m y s e l f  b e i n g  c a u g h t  u p  i n  t h e  m a t e r i a l .  I was ;oc i : : . z  

-. f o r w a r d  t o  u s i n g  t h i s  d e v e l o p m e n t  i n  my own c l a s s r o o m .  - ..- a 

p a r t i c i p a n t  o b s e r v e r  r o l e  h a d  b e e n  m o n e n t a r i l y  e r o d e 6  k.: - 7;: 

i n t e r e s t  i n  t h e  s u b j e c t  m a t t e r .  The f a c t  t h a t  z h e  i ~ s t r . ; z t z r  

w a s  u s i n g  a  c a l c u ; a t o r  t o  f i n d  n u m e r i c a l  e s t i m a y e s  o f  

d e r i v a t i v e s  o f  2" a n d  3" a t  x = 0 a d d e d  t o  my e n t h c s i z s r  f a r  

t h i s  a p p r o a c h .  

The  i n s t r u c t o r  a l i o w e d  t h a t ,  " I  h a v e n ' t  been r i g o z r c ~ s  

h e r e ,  b u t  I h a v e  g i v e n  you  some k i n d  o f  i n t u i t i v e  a r g u m e z t . "  

H i s  i n t u i t i v e  a r g u m e n r s  s eemed  t o  b e  q u i t e  a p p r o p r i a t e  f o r  

t h i s  a u d i e n c e .  

L i m i t  d e f i n i t i o n s  o f  d e r i v a t i v e s  were u s e d  tz 

. - 
d e m o n s t r a t e  t h a t  t h e  d e r i v e d  f u n c t i o n  o f  ex was e:' i c s e ~ r .  

One s t u d e n t  comment t o  t h e  e f f e c t  t h a t  ex w ? . ~  a ?Ower f . ;?cf icc  

i n d i c a t e d  t h a t  t h e  i n s t r u c t o r  w a s  s t i l l  t r y i n g  Yo ? d i n z & i n  

i n t e r a c t i v e  c o n t a c t  w i t h  t h e  c l a s s .  T h e  i n s t r 7 d c t o r  s t c ~ p e d  

h i s  l e c t u r e  a n d  t r i e d  t o  make v e r y  s u r e  t h a t  w e  u n a e r s t c a ' 2  

t h a t  e x  was n o t  a power  f u n c t i o n .  

E i g h t  o ' c l o c k  a n d  B r i a n  a n d  P h i l i p  l e f t  t o  c a t c h  a ? e r r - .  

t o  t h e  i s l a n d .  T h e  i n s t r u c t o r  q u i c k l y  w i s h e d  t h e m  a  q o c 5  

w e e k e n d .  T h e i r  d e p a r t u r e  b r o u g h t  o u r  n u m b e r s  d o w r  c o  

f i f t e e n .  I n o t e d  t h a z  t w o  s t u d e n t s  who h a d  t o l d  me the!. x e r e  

o n l y  A a u d i t i n g  t h e  c o u r s e  w e r e  n o t  i n  a t t e n d a n c e .  



d  
Upon e s t a b l i s h i n g  t h a t  - e x  = ex ( a n d  m a r k i n 9  i t  x i z h  e d x  

" h a p p y  f a c e "  o r  t h e  o v e r h e a d )  , t h e  i n s t r u c t o r  salt, 

i s n ' t  t h a t  b e a u t i f u l .  Y o u ' v e  g o t  t o  s m i l e  whez y e G  see 

?e  t h a t . "  H i s  e x c i t e n e n t  c o n t i n u e d ,  " T h i n k  a b o c t  iz. ":A, 

- - L d e r i v a t i v e  o f  t h i s  f u n c t i o n  i s  t h e  f u n c t i o n  i t s e l f . "  -* 

a d d e d ,  " T h i s  i s  a  n i c e ,  n i c e  p r o p e r t y .  W e l l  w o r r h  

e m p h a s i z i n g . "  I s h a r e d  h i s  e n t h u s i a s m  a n d  f o ~ n b  m y s e l f  

h o p i n g  t h a t  some o f  my c l a s s m a t e s  m i g h t  s h a r e  :?is w i z h  x s .  

The i n s t r u c t o r ' s  b a c k g r o u n d  i n  s t a t i s t i c s  came zc. c?ie 

f o r e  a g a i n  a s  h e  d i g r e s s e d  a b o u t  t h e  f u n c t i o c .  Yy l a e k  c f  

f a m i l i a r i t y  w i t h  t h i s  f u n c t i o n  g a v e  m e  some s e n s e  o f  k o . ~  m-: 

classmates m i g h t  f e e l  a b o u t  t h i s  a n d  o t h e r  d i g r e s s i o n s .  

I n t e r e s t i n g ,  b u t  I d o n ' t  u n d e r s t a n d  e n t i r e l y  whac yo- a r e  

t r y i n g  t o  s a y .  

A f t e r  t h e  b e a ~ ~ t y  o f  w o r k i n g  w i t h  t h e  d e r i v a t i v e  cf e>:, 

t h e  e x a m p l e s  were a  l e t d o w n .  They  were s i m p l ) .  a r n a z t e r  sf 

f o r m a l  d i f f e r e ~ t i a t i o ? .  N o  i n t e r p r e t a t i o n  o r  a ? p l l c a : i o r ,  zf 

t h e  r e s u l t s  was  r e q u i r e d  o f  u s .  

C l o s i n g  o f f  t h e  l e c t u r e ,  t h e  i n s t r u c t o r ,  x h i l e  c a t r e r i z c  

h i s  n o t e s ,  c a l l e d  o u t ,  " M i c h a e l ,  h a v e  I d a z z l e 6  y o 1 , 3 "  - .  

M i c h a e l  2lwah.s  s a t  i n  t h e  f r o n t  r o w  a n d  was  c a n s c i c u e c s  i r .  

, , . . 

h i s  a t t e n t i v e n e s s .  The i n s t r c c t o r  t o o k  o p p o r t u r . ; c l e s  tz zz-- 

s t u d e n t s  b y  t h e i r  f i r s t  names  i f  h e  knew t h e m .  T h i s  was 

a n o t h e r  i n d i c a t i o n  o f  how h e  s o u g h t  t o  t r a n s c e n d  t h e  s i ~ . ~ l e  

i n f o r m a t i o n  d e l i v e r y  s y s t e m  mode l  o f  a  l e c t u r e r .  



C a t h e r i n e  a d v i s e d  m e  t h a t  s h e  h a d  h e a r d  t h a :  t h e  T.? Liz5 

ill a n d  h a d  c a r . c e l l e d  t h e  s e c o n d  t u t o r i a l .  F r a n k l y ,  1 +;as 

r e l i e v e d  a s  I f e l t  I h a d  r u n  c o m p l e t e l y  o u t  o f  e n e r g y .  X ~ E :  

I d i d  d o  w i t h  t h e  t i m e  w a s  t o  f o l l o w  C a t h e r i n e  c v e r  t c  t K e  

c o m p u t e r  l a b  aca l o o k  a t  t h e  c o d e  f o r  a p r o g r a m  s h e   as 

d e v e l o p i n g  f o r  h e r  c o m p u t i n g  s c i e n c e  c o u r s e .  

A s s i g n m e n t  57 was g i v e n  t o  u s  o n  N o v e m b e r  1 2 .  A s  u s ~ a 1 ,  

it c o n s i s t e d  o f  f i f t e e n  p r o b l e m s  a n d  w a s  d u e  t h e  f o l l o w i n ?  

T u e s d a y .  I t  w a s  a l s o ,  a s  i t  t u r n e d  o u t  t h e  last s e t  o f  

- v , n 8  p r o b l e m s  t o  b e  c o l l e c t e d  i n  t h i s  c o u r s e .  Whzt ' &-.- ' 

p a r t i c u l a r l y  s i g n i f i c a n t  a b o u t  t h i s  a s s i g n m e n :  was :ht: ir 

s p a n n e d  e i g h t  d i f f e r e n t  s e c t i o n s  i n  t w o  d i f f e r e n :  c h a p t e r s .  

T h e r e  w a s  a t  m o s t  t w o  q u e s t i o n s  p e r  s e c t i o n .  F i v e  h a d  bee5 

t h e  g r e a t e s t  n u m b e r  o f  s e c t i o n s  c o v e r e d  i n  p r e v i o ~ s  

a s s i g n m e n t s .  T h e  c o u r s e  h a d  now b e c o m e  a f l a t  o ~ t  s p r i r . t  r e  

> ,  

t h e  e n d  i n  a n  a t t e r x p t  t o  c o v e r  a l l  t h e  s e c t i o n s  l i s x e c  1- r ? : ~  

, . 
s y l l a b u s .  T h e  p h r a s e  " s u p e r f i c i a l  t r e a t m e n t "  c a n e  t o  x ~ n c .  

I a r r i v e d  a t  ?:15 t o  f i n d  t h e  i n s t r u c t o r  t e l l i n g  

s t u d e n t s  t h a t  t h e  c a l c u l u s  i n  t h i s  c o u r s e  w a s  m o s t l y  

t e c h n i q u e  a n d  m a n i p u l a t i o n .  D a v i d  m e n t i o n e d  : h a t  h e  noK .;se:i 

w i t h  ease t e c h ~ i q ~ e s  t h a t  h e  h a d  f o u n d  d i f f i c v ; ~  e a r l i e r  :c 

t h e  t e r m .  C h a r l e s  w a s  t a l k i n g  a b o u t  how o n e  cf z n e  p r ~ k l e z s  

i n  s e c t i o n  6.2 r e q u i r e d  t h e  u s e  o f  t h e  n a t u r a l  l ~ c a r i t : ? ~  

f u n c t i o n .  I n o t e d  t o  m y s e l f  t h a t  a t  l e a s t  o n e  s z u d e n t  i s  

s t i l l  t r y i n g  t o  w o r k  t h r o u g h  t h e  o d d  n u m b e r e d  p r ~ b l e m s .  



M i c h a e l  w a s  c o n c e r n e d  a b o u t  w h a t  h e  t e r m e d  a l q e b r a  p r o b l e ~ , : .  

H e  s p o k e  a b o u t  x . x  = 2 x  a n d  csc x a s  t h e  i n v e r s e  of s i r  1.:. 

When h e  a s k e d  why w e  w r o t e  c sc  x as A r c s i n  s t  I r e a l i z e 5  t ? . ~  

e x t e n t  o f  some o f  r h e  d i f f i c u l t i e s  h e  m u s t  b e  f a z l n q  i:. z z i s  

c o u r s e .  

, , 

The l e c t u r e  b e g a n  w i t h  t h e  i n s t r u c t o r  adv : s lnq  cs -:?at 

w e  s h o u l d  a l r e a d y  b e  f a n . i l i a r  w i t h  :he m a t e r i a l  i2 s e c t i s - s  

6 . 3  ( I n v e r s e  F u n c t i o n s )  a n d  6 . 4  ( L o g a r i t h m i c  F u n c t i o n s )  f r c r ;  

o u r  h i g h  s c h o o l  m a t h e m a t i c s .  A l s o ,  w e  were a d v i s e d  t o  :!sc 

7'- work  on  a n y  p r o b l e m  t h a t  i n v o l v e d  a  d e f i n i t e  i n t . e q r a l .  l - . z  

i n s t r u c t o r  d e s c r i b e d  wha t  a  d e f i n i t e  i n t e g r a l  l o o k e d  11ke  sa 

t h a t  w e  w o u l d  r e c o g n i z e  t h e m  when w e  e n c o u n t e r e d  C h e m .  

. - 7  " S t u d y  6 . 3  a n d  a l s o  d o  t h e  o d d  p r o b l e m s . "  W e  ,&ere s z : - _  

s u p p o s e d  t o  a t t e m p t  a  l a r g e  number  o f  p r o b l e m s  i n  e a c h  

s e c t i o n  e v e n  when w e  were c o v e r i n 2  t h r e e  o r  n o r e  s e c z i s ~ ~ s  5 -  

a e v e n i n g .  

A f t e r  i a y i p g  o u r  some o f  t h e  b a s i c  i d e a s  o f  i n v e r s e  

f u n c t i o n s ,  t h e  i n s t r u c t o r  t o l d  u s ,  " I ' m  n o t  l a y i n q  ocC i n  

d e t a i l  t h e  w h o l e  t h e o r y  o f  i n v e r s e  f u n c t i o n s .  I a s s u n e  :ha: 

y o u ' v e  g o t  i t .    his i s  e s s e n t i a l l y  a  r e m i n d e r  ~f whaz i s  

g o i n g  on  w i t h  i n v e r s e  f u n c t i o n s . "  T h i s  a t t i c u d e  was Ear 

, . 
c o n s i s t e n t  w i t h  i n s t r u c t o r ' s  e a r l i e r  e f f o r t s  t o  r e 9 l r . a  :s sf 

w h a t  w e  were s u p p o s e d  t o  know. 



T h e  r e m a i n d e r  o f  h i s  d e v e l o p m e n t  of i n v e r s e  f u n z : k n s  

w a s  s e a s o n e d  w i t h  c o m m e n t s  s u c h  2s " I ' m  s u r e  y o u  w i l i  

r e m e m b e r .  I h o p e  y o u  w i l l  r e m e m b e r .  " 

A f t e r  r e v i e w i n g  t h e  t h e o r y  of i n v e r s e  f u n z : i o ~ s ,  xe 

1 + 3 x  
l o o k e d  a t  f ( x )  = - 2 x  a n d  i z s  i n v e r s e .  T h e  i n s t r u c z c r  

t o o k  t h i s  e x a m p l e   fro^, t h e  t e x t ,  b u t ,  u r . l i k e  r k e  te:.::, k?  

s p e c i f i e d  a d o m a i n  o f  d e f i n i t i o n  i n  o r d e r  t o  e n s c r e  t h e  

..- e x i s t e n c e  o f  a n  i n v e r s e  f u n c t i o n .  H e  b e g a n  by  s : < e t c h i n c  z?-c 

, ~ 

g r a p h  o f  y = f ( s ) .  T h o n a s  r e g i s t e r e d  d i s g c s r  w k e c  D a v l - ,  

s i t t i n g  b e h i n d  h i m ,  u s e d  h i s  T I - 8 1  c a l c u l a t o r  CC' q ; i c k l - , -  

o b t a i n  a g r a p h .  

T h e  s e c t i o n  c o n c l x d e d  w i t h  a t h e o r e m  r e l a t i r . ~  :he 

d e r i v a t i v e  o f  a f u n c t i o n  w i t h  t h e  d e r i v a t i v e  of i t s  I r v e r s e .  

The i n s t r u c t o r  t o l d  u s ,  " I ' m  n o t  g o i n g  t o  p r o v e  a n y ~ h ; r ! c .  

I ' m  g o i n g  t o  g i v e  y o u  a  g e o m e t r i c  a r g u m e n t . "  T h e  : n s : r , c ~ ~ r  

m a d e  a f r e e  h a n d  s k e t c h  o n  t h e  o v e r h e a d  a c e t a t e .  t ? - e  e r -  - I  

m i n u t e s  t h a t  h a d  S e e n  s p e n t  o n  t h l s  t o p i c .  

N e x t  u p  was  "a l i t t l e  q u l c k i e  review" o f  ; z c a r l : ~ ? r c  22s 

properties c f  i o q a r ; t h n s .  "Someone  g i v e  me o n e  p r o p e r : ,  zf 

l o g a r i t h m s . "  T n e  silence f o l l o w i n g  t h e  i n s t r a c t o r ' s  r e q u e s t  

w a s  f i n a l l y  b r o k e n  when  h e  p r o m p t e d  u s ,  " l o g a r l t n r r  o f  2 x 3 ,  



s t u d e n t  who d a r e d  t o  r e p l y  g a v e  a s  a n  a n s w e r  " 1 0 5  a  z i m e s  12: 

b " .  C h a r l e s ,   he e n g i n e e r ,  who w i t h  t h e  i ~ s ~ r z c z c r  a n 2  

m y s e l f ,  w a s  a  member o f  t h e  s l i d e r u l e  q e n e r a t i a z ,  n o t e 3  - - - -  -.LO - 

l o g a r i t h m s  " a l l o w e d  a d c i e r s  t o  be m u l t i p l i e r s " .  

D u r i n g  t h e  b r e a k ,  I f o u c d  m y s e l f  i n  t h e  r o l e  o f  a  

t e a c h i n g  a s s i s t a n t .  3 r i a n  a n d  P h i l i p  s o u g h c  n e  ac t  aEd  35;~~:; 

if t h e y  c o u l d  b o r r o w   IT,^ n o t e s  f o r  t h e  l a s t  h a l f  50-r o f  

T h u r s d a y ' s  l e c t u r e .  I h a d  n o  n o t e s ,  s o  I r e d e v e l o p e d  t h e  

r e s u l t s  f o r  t h e m .  D a v i d  a s k e d  m e  a b o u t  a  c o u n z e r e x a m a l s  h e  

h a d  d e v e l o p e d  f o r  t h e  d e r i v a t i v e s  o f  i n v e r s e  f u r . e t i o n s  r e s c l t  

t h a t  we h a d  j u s c  c o v e r e d .  I t  t u r n e d  o u t  t h a r  h i s  g r a p h  25 

- .  
y  = f - l ( x )  was i n c o r r e c t .  C a t h e r i n e  w a n t e d  ?.e t o  corr:r~. E 

h y p o t h e s i s  t h a t  s h e  h a d  a b o u t  t h e  d e r i v a t i v e  o f  a n  i n v e r s n  cf 

a r e l a t i o n .  

A f t e r  t h e  r e c e s s ,  w e  wen t  t h r o u g h  a  t r a d i t i o n a l  

d e v e l o p m e n t  o f  t h e  l o g a r i t h m  f u n c t i o n s  a s  i n v e r s e s  o f  

e x p o n e n t i a l  f u n c t i o n s .  On s e v e r a l  O C C ~ S ~ O ~ S ,  Eke  i n ~ r r x c t c r  

a s k e d  questions, s e e k i n g  s t u d e n t  i n v o l v e m e n t .  T h e  :apes  2-2 

my n o t e s  b o t h  i n d i c a t e  t h a t  o n l y  o n e  s t u d e n t ,  Z a t h e r i z e ,  X E ~  

r e s p o n d i n g  a t  t h i s  t i m e .  

When t h e  i n s t r u c ~ o r  i n t r o d u c e d  t h e  n o t a r i o n  for r a z c r a l  

l o g a r i t h m s ,  I n  r a t h e r  t h a n  l o g e  , h e  a s k e d  u s  w h 3 ~  :he :z?,e 

, . 
was f o r  t h e  l o g i g  f u n c t i o n ,  p r o m p t i x g  U S  w i t h  " I t  b e g i - s  v::z- 

a  c." T h e r e  was n o  a n s w e r  f r o m  t h e  c i a s s .  The  I n s ~ r u z r o r ' s  

r e s p o n s e ,  "common l o g a r i t h m s .  You ' v e  h e a r d  o f   at T 'yo.: ' A -= L 



s c a r i n g  m e  f o l k s ,  ", b r o u g h t  some l a u g h t e r  f r o m  z:?e z l t s s  . - 
- 

w a s  e m p a t h i z i n c  h i t h  t h e  i n s t r u c t o r .  

W i t h  r e s p e c t  t o  t h e  e q u a t i o n s  e l r .  >: = x a:& I n  e:.: = :.:, 

7 - 
t h e  i n s t r u c t o r  a s k e d ,  "How c o c l d  y o u  c o n v i n c e  ;.s.:rseir t F L z r  

t h e  f i r s t  e q u a t i o n  was b a s i c a l l y  t r u e ? "  H e  a r s w e r e d  h i : - s e l f ,  

, , 
" C o u l d n ' t  : ~ o u  t a k e  y o u r  c a l c u l a t o r  o u t ,  c h o s e  a pas:z:-<s 

n u m b e r ,  s a y  7 . 1 .  And t h e n  p u t  i n  7 . 1 ,  o r  aRy  p o s i t i v e  r:xPcz 

t h a t  y o u  w a n t . "  H e  w e n t  o n  t o  e x p l a i n  w h e r e  o-e  ~ , i q ? t  f i r 5  

, . 
t h e  ex a n d  I n  f u n c t i o n s  o n  a  c a l c u l a t o r  a n d  t o  d i s t i n ~ ~ ; : ~ : .  

b e t w e e n  t h e  I n  2 n d  l o g  k e y s .  T h e  i r o n y  i n  u s i - 2  e>: a n 5  lr. 

f u n c t i o n s  o n  a c a l c c l a t o r  was t h a t  y o u  g e n e r a l l y  hzd  :: :<el: 

INV LN t o  a c c e s s  e x .  T h e  c a l c u l a t o r  was  e x p l i c i ~  i? z h e  

i n v e r s e  r e i a t i o n s h i ~  o f  the t w o  f u n c t i o n s .  

T h e  i n s t r c c t o r  c o n t i n u e d  t o  e n c o u r a g e  U S  Lo u s e  t k t  

- - 
c a l c u l a t o r  f o r  i n v e s t i g a t i n g  t h e  I n  f u n c t i o n .  t h a t  i s  1 ~ .  _ :  

F i r s t  w e  w e r e  r e f e r r e d  t o  t h e  g r a p h ,  t h e n  h e  s x g q e s t e d  k;e  255 

o u r  c a l c u : a t c r s .  lrDon ' t  h e s i t a t e  t o  p l a y  ar0UnCi.  L e a r ? .  t ? A i s  

s t u f f  u s i n g  y o u r  h a n d  c a l c u l a t o r . "  

d  1 
T h e  d e r i v a t i o n  o f  - I n  x = - w a s  f o l l o w e d  by s 3 n ?  

d x  x 

e x a m p l e s  o f  f o r m a l  d i f f e r e n t i a t i o n .  F i n d  t h e  d e r i v a t i . , - e  cf 

h ( y )  = I n  ( y 3 s i n  y )  . Why? 

At t h e  e n d  c f  t h i s  e x a m p l e ,  t h e  i n s t r ~ c ~ 3 r  t o 1 5  . .=  " - I  ">--  di- 

- ,  
n o t  s i m p l i f y .  I d o n ' t  h a v e  t i m e  t o  waste  o n  s i n p - l f i e a t i s r  

h e r e . "  H e  r e f e r r e d  u s  t o  h i s  i n s t r u c t i o n s  n o t  z o  waste t i r e  

- .  
o n  a l g e b r a i c  s i m p l i f i c a t i o n s  t h a t  h e  h a d  p u t  o n  _ h e  ::rs: 



. . midtern  a n d  a d d e d ,  " I  a s s u m e  t h a t  e v e r y o n e  c a r ,  d o  i c . "  - A  - - =  - - 

c o m m e n t ,  " C r a i g ,  why a r e  y o u  s n i c k e r i n q ? " ,  b r o s g h t  fcr:? 

l a u g h t e r  f r o m  s t n d e n t s  a n d  i n s t r u c t o r  a l i k e .  

By 9 :  05 p . m .  w e  w e r e  r e a d y  t o  l o o k  a t  t h e  d e r i v a ~ i - ~ - e s  2: 

. -  . y  = a" a n d  y = l o g ,  x for a # e .  W h i l e  t r y i n g  t o  e s t a s - : s n  

t h e  r e l a t i o n s h i p  y  = a': 3 y  = a), t h e  i n s t r 1 ; c t o r  r!.=ezi 

t h a t  h e  h a d  f a i l e d  t o  cover t h e  p r o p e r t y  I n  ax = x Ir. a 

e a r l i e r  t h i s  e v e n i n g .  W i t h  t h e  l a c k  o f  f a m i 1 i a r i t ; i  w i t h  

p r o p e r t i e s  o f  l o g a r i t h m s  t h a t  t h e  c l a s s  s e e m e d  t o  h a v e ,  I 

w o n d e r e d  how much o f  t h e  i n s t r u c t o r ' s  a e m o n s t r ? : i o n  ~ 5 e y  >;ere 

a b s o r b i n g .  T h e  i n s t r u c t o r ' s  d e l i v e r y  w a s  s t r a i s h t  l e e t ~ r e .  

. . 
When h e  s o u g h t  s t u d e n t  r e s p o n s e s ,  o n l y  C a t h e r i n e ,  5 :  Z ? : ; D ~ Z - ; ,  

w o u l d  r e p l y .  

C o m p l e t i n g  h i s  p r o o f ,  t h e  i n s t r u c t o r  e n t h u s e d ,  "Tkcc s 

p r e t t y  s l i c k ,  i s n ' t  i t ?  You t h i n k  a b o u t  I t  a n d  when y o x ' v e  

g o t  t i m e  t o  s t u d y  it a t  h o m e .  I t ' s  p r e t t y  s i i c 4 .  % ice  a z a  

s i m p l e . "  fie w a s  o f f e r i n g  u s  m e t a - c o m m e n t s  o n  esthetics i:. 

m a t h e m a t i c s .  S e n e  r e s u l t s  a r e  p r e t t i e r  t h a n  o t h e r s .  

T h e  l a s t  e x a m p l e  o f  t h e  e v e n i n g  was a n  e x a n p l e  o f  

l o g a r i t h m i c  d i f f e r e n t i a t i o n .  T h i s  t e c h n i q u e  w a s  t o  be 

c o v e r e d  i n  t h e  l a s t  t e n  m i n u t e s  o f  a v e r y  f u l l  e y J e i ? i n q .  

T a k i n g  t h e  l o g a r i t h n  o f  e a c h  s i d e  o f  a n  e q u a t l s n ,   sirs 

i m p l i c i t  d i f f e r e n t i a t i o n ,  a n d  t h e n  s u b s t i t u t i n g  for y i:. t h e  

f i n a l  e x p r e s s i o n  s t r u c k  m e  as  a s e q u e n c e  o f  r e c h n i q u e s  -%: 



d e s e r v e d  more  t h z n  t e n  m i n u z e s  a t  a  t i m e  when s t z d e ? :  

a t t e n t  i o n  c o u l d n  ' t b e  a l l  t h a t  f o c u s e d .  

- - W h i l e  c l o s i n g  u p ,   he i ~ s t r u c t o r ,  s p e a k i n g  z o  h i m s e L r r  

s a i d ,  " T h i s  c o u r s e  h a s  a l o t  o f  m a t e r i a l  i n  i t ,  a  l o t  o f  

m a t e r i a l . "  

I a r r i v e d  l a t e  a t  t h e  f i r s t  t u t o r i a l  s e s s i o r ,  o z  ?:cTv.en5er 

14. T h e r e  w e r e  o n l y  t e n  s t u d e n t s ,  i n c l u d i n g  m l - s e l f ,  ir. 

, - 
a t t e n d a n c e .  A l l  f o u r  o f  u s  who a t t e n d e d  c h e  s e c o n d  ~ ~ ~ z ~ z r ~ ~ -  

- % s e s s i o n  w e r e  h e r e  a t  t h e  f i r s t  s e s s i o n  t h i s  e v e r l i n g .  T!-.e -.-- 

went  o v e r  t h e  p r o b l e m s  i n  a s s i g n m e n t  #6 a n d  t n c ; e  b r o ~ g ! - ~ z  SF 

b y  s t u d e n t s .  0r o c c a s i o n ,  o t h e r  s t u d e n t s  a n d  I w o c l c  

i n t e r c e d e  h e l p  b r i n g  t h e  T A  on  t r a c k  when h e  was s ~ l - ~ - i z g  a 

p r o b l e m .  AS w i t h  l a s t  w e e k ' s  s e s s i o n ,  t h e r e  s e e x e d  tc he a 

d e f i n i t e  l a c k  o f  s t r u c t u r e  a n d  d i r e c t i o n  t o  t h e  t o c r .  

W e  went. t o  t h e  l e c t u r e  t h e a t r e  t o  w r i t e  t h e  r n i d t e r ~ . .  2: 

t h i s  t i m e  I f e l t  e x h a u s t e d  a n d  was t a k i n g  m e d i z z t i o n  f o r  a  

s e v e r e  c o l d ,  I s a t  w i t h  t h e  m i d t e r m  a n d  j u s t  s t a r t e d  workin- 

away a t  t h e  q u e s t i o n s ,  w i t h  n o  s e n s e  o f  t i m e  mar.agemer,t 9r 

7 - 
t e s t  w r i t i n g  s t r a t e g y .  S p e a k i n g  w i t h  my c l a s s m a t e s ,  - r3::nd 

t h a t  some o f  therr? h a d  h a d  s i m i l a r  e x p e r i e n c e s .  

A f t e r  t h e  p , i d t e r m r  I s p e n t  some t i m e  w i t h  t h e  i n s - - ~ - - " - , , -  C~ u ~ ' _ ~ -  

t a l k i n g  w i t h  h im a b o u t  t h e  p u r p o s e  a n d  p a c e  o f  t h e  c o u r s e .  
- 

w a s  t o o  t i r e d  t o  n a k e  n o t e s  a n d  n o t  s u f f i c i e r . t l 1 .  f o c u s e d  :z 

r e m e m b e r  m<ch o f  what  was  s a i d .  T h i s  p a r t i c u l a r  r e s e a r c h  

i n s t r u m e n t  w a s  r a t h e r  d e f e c t i v e  a t  t h i s  p o i n t  ir. t i m e .  



T h e  l e c t u r e  o ?  N o T ~ e m b e r  19 b e g a n  w i t h  a n  e: , :change cf 

p a p e r s .  We s u b n i t t e a  o u r  l a s t  p r o b l e m  se t  a n d  p i c k e e  2; cx: 

m i d t e r m s .  T h e  i n s t r u c t o r  h a d  w r i t t e n  a n o t e  or. t h e  cYu-erheac i  

a b o u t  r e s e a r c h  g r a n c s  t a r g e t t e d  f o r  women. E e  w a s  

e n c o u r a g i n g  t h e  f e m a l e  m e m b e r s  o f  t h e  c l a s s  t o  c 3 n s i d e r  

a p p l y i n g .  

T h e  i n s t r u c t o r  i n f o r m e d  u s  t h a t  t h e  a v e r a g e  s c o r e  cn t h e  

m i d t e r m  w a s  26/49. H e  w e c t  o n  t o  r e i t e r a t e  h i s  i n ~ e ? z  f c r  

, - 
t h e  f i n a l  e x a m i n a t i o n :  t w o  h o u r s  w o r t h  o f  mater:ai a z d  E 

v L d  m e n c i o n e c i  t h r e e  h o u r  t i m e  p e r i o d  i n  w h i c h  t o  w r i t e  i t .  5=:,' 

t o  m e  t h a t  h e  h a d  o b t a i n e d  a c o p y  o f  a n  e x a m i n a t i o n  t h a z  ~ h s  

. , 

i n s t r u c t o r  h a d  s e t  f o r  t h i s  c o u r s e  t w o  y e a r s  aqc a r c  1: 

covered e v e r y t h i n g .  

T h e  l e c t u r e  b e g a n  w i t h  a r e v i e w  o f  g r a p h s  o f  

l o g a r i t h m i c  f u n c t i o n s .  L a c k  o f  r e s p o n s e  t o  e a r l y  q u e s ~ i ~ n s  

f r o m  t h e  i n s t r u c t o r  s u g g e s t e d  t h a t  t h e  s t u d e n t s  were s t i l l  

n o t  c o m p l e t e l y  c o m f o r t a b l e  w i t h  t h e s e  f u n c t i o n s .  3 e  

i n s t r u c t o r  e x h e r z e d  u s  t o  b e c o m e  m o r e  f a m i l i a r  w i t h  t h e  

g r a p h s ,  b u t  h e  d i d  n o t  s l o w  down t o  r e v i e w  t h e m  x i t h  c s .  Ir. 

f a c t ,  h e  w a s  s p e a k i n g  m o r e  r a p i d l y  t h a n  w e  were u s e d  ta h i ?  

d o i n g .  

d  
T h e  n e w t  t o p i c  w a s  t o  s h o w  t h a t  - l o g a x  = - . . . . d x  ... I r. a 



w o u l d  b e  c o v e r e d  n e x t  t e r m  i n  Math  1 5 2 .  We x c ) . ~ l d  c o n t e n z  

o u r s e l v e s  w i t h  a more  p r o s a i c  d e f i n i t i o n  v i e w i n a  t h e  

. - , .  l o g a r i t h m  f u n c c i o n  2s a n  i n v e r s e  o f  a n  e x p o n e n t : ~ ~  z u n z z i z ~ . .  

I n  t h i s  d e f i n i t i o n  t h e  i n s t r ~ c t o r  i n t r o d u c e d  = h e  

n o t a t i o n  Iff f o r  if and only i f  . Was it  i n t e n d e d  t h a t  z k e  

s t u d e n t s  s h o u l d  l e a r n  t h e  l a n g u a g e  o f  p r o p o s i t i s n a l  l o g i z  znc.; 

q x a n t i f i e r s  i n  t h i s  c o u r s e ?  And i f  n o t ,  whe re  % e r e  t h e :  

s u p p o s e d  t o  l e a r n  i t ?  

I n  t h e  m i d d l e  o f  h i s  d e v e l o p m e n t ,  C a t h e r i n e  r a i s e d  E 

q u e s t i o n  a b o u t  t h e  l e b e l l i n g  o f  a d i a g r a m .  A f z c : r  a  rnoRe?: 

t h e  i n s t r u c t o r  a g r e e d  h e  h a d  made a m i s t a k e ,  t h a n k e d  h e r  

c o r r e c t i o n ,  a n d  c o m p l i m e n t e d  h e r  o n  h e r  a s t u t e n e s s .  Nas 

C a t h e r i n e  t h e  o n l y  s t z d e n t  w i l l i n g  t o  i n t e r j e c t  3 cor.!?err? 

O r  w a s  s h e  t h e  o n l y  s t s d e n t  p a y i n g  s u f f i c i e n t l y  c l o s e  

a t t e n t i o n  t o  p i c k  u p  on  t h e s e  d e t a i l s ?  

A f t e r  d e f i n i n g  l o g a x ,  t h e  i n s t r u c t o r  comnenzec  o n c e  

a g a i n ,  " T h a t ' s  t h e  k i n d  o f  i n t r o d u c t i o n  t o  l o g a r i t h i n s  you G e t  

i n  g r a d e  11 o r  12. I L ' s  n o t  n e a r l y  a s  n i c e ,  i n  my o p i r l o n ,  as 

t h e  c a l c u l u s  d e f i n i t i o n . "  I n t e r e s t i n g l y ,  t h e  I n s t r u c r o r ' s  

r a t e  o f  d e l i v e r y  h a d  k l r  t h i s  t i m e  s l o w e d  t o  i t s  l ~ s u a l  s p e e d .  

H e  c a r e f u l l y  d e v e l o p e d  t h e  c h a n g e  o f  b a s e  f o r r w l a  a n d  pc i7 : tec i  

o u t  how i t  c o u i d  b e  c s e d  w i t h  a  c a l c u l a t o r  t o  e v 2 l u a t e  

s o m e t h i n g  l i k e  l o g 7  5. 

The i n s t r g c y o r  t h e n  s a i d ,  "Then you  s a y ,  ~f c o c r s e ,  - , - " - .  i l l .  . 

a re  w e  d o i n g  t h i s ?  T h i s  i s n ' t  c a l c u l u s . "  He  fish-ered, " T k A e  



r e a s o n  i s ,  e v e r y  f u n c t i o n  you r u n  a c r o s s  i n  a  c a l c u l x s  

c o u r s e ,  you  d a n ' t  wan: t o  l e a v e  i t  w i t h o u t  f i n d i r s  i z s  

d e r i v a t i v e .  " T h i s  was a  s u c c i n c t  s t a t e m e n t  o f  sne cf zts 

g o a l s  o f  t h e  c o c r s e .  

More m e t a - c o m m e n t a r y  on  p r o o f s  were o f f e r e d  b y  the 

i n s t r u c t o r .  " H e r e ' s  a  l i t t l e  p r o o f .  How d o  y o 2  p r o v e  

a n y t h i n g  when you h a v e  a n  e q u a t i o n ?  The f i r s t  T h i n g  yc.; n z  

' f i s  s t a r t  w i t h  o n e  s i d e  a n d  see i f  you  c a n  j u s z  g r l n d  c ~ z  t;., 

o t h e r .  W e ' v e  t a k e n  t h i s  a p p r o a c h  many,  many t imes  t ? - r 5 ~ x s h o ~ r  

t h i s  c o u r s e . "  ~f d o i n g  p r o o f s  were s o m e t h i n g  :.?at s t c c i e n t :  

w e r e  t o  l e a r n  i n  t h i s  c o c r s e ,  t h i s  d i d n ' t  s eem l i k e  a  566 

i n t r o d u c t i o n .  B u t  were w e  s u p p o s e d  t o  l e a r n  h~ t o  d c  c r 2 3 5 :  

i n  Ma th  1 5 1 2  

When, i n e v i t a b l y ,  w e  t u r n e d  t o  e x a m p l e s  o f  f o r n a l  

3 - 
d i f f e r e n t i a t i o n ,  t h e  i n s t r u c t o r  g a v e  u s  y  = xi _ssl$(:.:) zc 

i n v e s t i g a t e .  H e  commen ted ,  "Who knows wha t  :he q r a p h  3 5  :?:is 

t h i n g  l o o k s  l i k e ?  ~ o b o d y .  I d o n ' t  know wha t  it i s .  7 d o u b r  

i f  you  d o . "  I r e a c h e d  f o r  my g r a p h i c s - c a p a b l e  c a i c u l a t c r .  

I g n o r i n g  t h e  p c t e n t i a l  o f  e x i s t i n g  t e c h n o l o g y ,  e v e r  ir: :he 

c o n t e x t  of  a t r a d i t i o n a l  c a l c u l u s  c u r r i c u l u m ,  d i 2  n c t  cz r i . - : s  

m e  a s  a r e a s o n a b l e  a t t i t u d e .  The  i n s t r u c t o r  s e e m e d  ctczh:  

b e t w e e n  t h e  w o r l d  o f  t h e  s l i d e r u l e  a n d  t h a t  o f  t h e  c u r r e n t  

b r e e d  of  h a n d h e i d s .  H e  e n c o u r a g e d  U S  t o  U s e  c a i c u l a t c r s ,  b x r  

f e l l  s h o r t  o f  r e a l i z i n g  t h e i r  p o t e n t i a l .  I n  my n o t e s ,  Z 

c i t e d  i n  t h e  n a r g i n s  t h e  many O p p o r t u n i t i e s  f o r  u s i n g  eve:. 2 



s i n g l e  g r a p h i c s  c a p a b l e  c a l c u l a t o r  w i t h  a n  o v e r h ~ s S  

p r o j e c t i o n  u n i t .  

, . 
W e  moved o z  t o  S e z t i o n  6 . 7 ,  o m i t t i n g  6 . 6  ( z?>e  l c~ar : : : .~  

d e f i n e d  as  d e f i c i t e  i n t e g r a l ) ,  a n d  a f t e r  b e i n 2  cactisxes c8:.zt 

a g a i n  t o  a v o i d  p r o b l e m s  i n v o l v i n g  m a t e r i a l  w e  n o t  

c o v e r e d .  An i n t e r e s t i n g  t a s k :  r e c o g n i z i n g  p r o b l e m s  t h z t  ..-EL 

c a n n o t  d o  b e c a u s e  you l a c k  t h e  n e c e s s a r y  b a c k q r e a r d  

i n f o r m a t i o n .  ~ f t e r  a d l r i s i n g  o f  t h e  t y p e  o f  p r o b l e m  f a r  x ? . i ~ ?  

w e  w o u l d  n o t  be r e s p o n s i b l e ,  t h e  i n s t r u c t o r  s e e n e d  

- - 
u n a b l e  t o  r e s i s t  p o i n t i n g  out c h a t  t h e  a c t i d e r : v s t i v e  2: - . . . . 

w a s  I n  x + C. F a r t h e r m o r e ,  t h e  a n t i d e r i v a t i v e  cf e:': ;;as 1 % :  

ex p l u s  a c o n s t a n t  of  i n t e g r a t i o n .  

S e c t i o n  6 . 7  d e a l t  w i t h  e x p o n e n t i a l  g r o w t h  znc a e e a ;  

p r o b l e m s .  The  i n s t r u c t o r  d e s c r i b e d  t h e  p r o b l e m s  I n  t ' - ' -  A L L  3 

s e c t i o n  a s  " r e a l "  p rob;ems t h a r  w o u l d  o c c u r  i~ all sf Eke 

s c i e n c e s .  I n  c o n t r a s t ,  t h e  r e l a t e d  r a t e s  p r o b l e m  w e r e  

" s t u c k  i n  t h i s  s e c t i o n  b e c a u s e  t h e y  were a  l i t t i e  a p p l i z a t i c r  

L o f  t h e  c h a i n  r u l e ,  b u t  i n  r e a l i t y  t h e s e  p r o b l e m  d o  r o c  a r i s ,  

n a t u r a l l y  v e r y  o f t e n .  " 

When h e  a s k e d  u s  c o  s t u d y  t h e  s e c t i o n  aEd do s h e  c 'dd  

n u m b e r e d  p r o b l e m s ,  t h e  i n s t r u c t o r  p o i n t e d  ouy z h a t  h e  bias ?.:-. 

g i v i n g  a n y  m o r e  a s s i g n m e n t s  t o  b e  h a n d e d  ir,, sc  ;ce sha .215  5 2  

c e r t a i n  t o  " g r i n d  o u t  a  l o t  o f  t h e  o d d  n u m b e r e d  p r c b l e m c " .  

. - 
The  i n s t r u c t o r  c a r e f u l l y  w o r k e d  t h r o u g h  a  s;rnp-e 

p o p u l a t i o n  g r o w t h  m o d e l ,  a s k i n g  u s  q u e s t i o n s  a r , ~  i r y i r , g  t ~ .  



establish a dialo~ue. I wondered if he conseioxsly sre5 

through topics :hat he considered less importan: 2nd slsxe5 

down tc a more interactive teaching style when 1 : : c r k l n ~  

through something he felt to Se more significanz. We fzx-ci  

ourselves talking ahoat half-lives of radioactive isotsyes 

and applications where these ideas would be used. The 

instructor was selling this topic. The time comTi:menx x s s  

considerable, so I had to assume that this was i-te?-l3-al. 

If discussing radioactive isotopes broug" tlxlte3 

response, the irs~ructcr's example of compound l- eres st ar,5 

money growing in our bank accocnts caught the attertic'? sf T: 

. . 
classmates. There was laughter at the thought cf zpcLy:-z 

exponential growth principles to our savings. 

When identifying the basic assumption of ?xpcnerzizl 

growth, that the rate of change of the populatio?. is 

proportional to the population, the instructor introdceed r5.e 

symbol = and as:<ed if was still taught in high s,~hocl. 

dv 
dt 

- ky, :he Shifting to the differential equation, - 

instructor digressed into a long meta-commentar~ 

on the nature of solutions for different types of equa:ie:s. 

Numbers were the solct tons for quadratic equat i o r . s ,  kl~z 

functions would be :he solutions for differential e;:azisrs. 

He also spoke about the study of differential eq'datic~,s 5s 

ongoing part of current mathematical research 2nd a d d e ~ ,  "y:.. 

can't do physics without differential equations." 



, . We t o o k  a  ~ e n  m i n u t e  b r e a k  d u r i n g  w h i c h  ; s p o k e  x::: 

s t u d e n t s  a b o u t  p r o b l e m s  on  t h e  m i d t e r m .  I g a v e  Ty home a-'; 

s c h o o l  t e l e p h o n e  n u m b e r s  t o  s e v e r a l  o f  t h e m  who i n d i c z ~ e S  

t h e y  m i g h t  want  t o  ge: i n  t o u c h  w i t h  me b e t w e e n  c l a s s e s .  :":;. 

r o l e  a s  a p s e u d o  z e a c h l n g  a s s i s t a n t  was b e c o r i n g  more 

p r o m i n e n t  a s  t h e  z e r m  came t o  a n  e n d .  T h e  i n s c r z c z c r  x a s  c::c 

e n g a g e d  i n  a d i a l o g u e  w i t h  s e v e r a l  s t 3 ~ d e n t s  a b o u z  x h i z ?  

p r o b l e m s  t h e y  f o u n d  m o s t  d i f f i c u l t  o n  t h e  t e s t .  

T h e r e  was a l s o  a  p u b l i c  d i a l o g u e  b e t w e e n  t h s  i ? s ~ r l ; e : s r  

a n d  m y s e l f  c o n c e r n i n g  a  young p i a n i s t  h e  had sc?n  o r  

t e l e v i s i o n  t h e  p r e v i o u s  e v e n i n g .  I t  t u r n e d  01;: t h a t  t h e  

m u s i c i a p  w a s  a  s t u d e n t  o f  m i n e .  Not a l l  c o n v e r s a t i o :  

c e n t e r e d  o n  t h e  c o u r s e .  

The  l e c t u r e  c o n t i n u e d  w i t h  n o t e s  a b o u t  d i f f e r e n t i a l  

e q u a t i o n s  a n d ,  i n  p a r t i c u l a r ,  i n t e r p r e t i n g  t h e  d i f f e r e n c i a :  

e q u a t i o n  a s s o c i a t e d  w i t h  e x p o n e n t i a l  g r o w t h  a n d  deca ; i .  The  

s o l u t i o n  t o  t h e  d i f f e r e n t i a l  e q u a t i o n  was q i v e n  a c  fazt, :.c: 

7h, d e v e l o p e d .  Then w e  p r o c e e d e d  t o  work t h r o u g h  a  p r c k ' l e m .  - A * L  

c o n c e p t  o f  5 d i f f e r e n t i a l  e q u a t i o n  b e e n  i n t r o d u c e d ,  5,: 

n o n e  o f  t e c h n i q u e s .  

A f t e r  t h e  p r o b l e m  was s o l v e d ,  t h e  i n s t r u c t o r  s p o k e  aha.;-: 

m o d i f y i n g  t h e  d i f f e r e n t i a l  e q u a t i o n s  i n  t h e  g r o w t h  n . o d e l s  :s 

make t h e m  more  r e a l i s t i c .  

A t  9:30 p . m .  we s t a r t e d  s e c t i o n  6 . 8  on I n v e r s e  

T r i g o n o m e t r i c  f u n c t i o n s .  A f t e r  a p r e a m b l e  a b o u t  i ~ v e r s e  





. ,  . i n v e r s e s  f o r  t h e  o t h e r  ~ r i g o n o m e t r i c  f c n c t i o n s ,  bu; 2 1 , ~  n;,: 

h a v e  t i m e  t o  d e v e l o p  t h e i r  d e r i v 3 t i v e s .  

I a r r i v e d  t e n  m i z u c e s  l a t e  f o r  t h e  f i r s t  E u t o r i a l  

s e s s i o n  o n  N o v e m b e r  2 1 .  I w a s  t h e  t e n t h  a n d  l a s t  s t u d e r t  tc> 

a r r i v e .  T h e  TA h a d  j u s t  f i n i s h e d  r e v i e w i n g  t h e  ?id:erp, ans 

d i s c u s s i n g  t h e  r e s u l t s .  T h e n ,  3e a n d  s eve ra l  s t u d e n z s  

e n g a g e d  i n  a d i s c u s s i o n  o f  w h e r e  t h e y  were i n  t h e  c o u r s e  2 - 5  

how w e  w e r e  e x p e c t e d  t o  f i n i s h  i n  t h e  f o u r  h o u r s  a f  l e z z ~ r -  

r e m a i n i n g .  T h e r e  were s i x  a n d  h a l f  s e c t i o n s  l e f t  or? :h.e 

s y l l a b u s .  

A q u e s t i o n  a b o u t  i n v e r s e  f u n c t i o n s  l e a d  t h e  "A i n t c  

u s i n g  t h e  t e r n  well-defined. H e  a n d  a n o t h e r  s t u d e n t  

c o n t i n u e d  t o  d i s c u s s  t h e  c o n c e p t  a t  l e n g t h .  I w o n d e r e d  t o  

m y s e l f  w h a t  w a s  b e i n g  a c c o m p l i s h e d .  

M o v i n g  o n  t o  a d i s c u s s i o n  o f  l o g a r i t h m i c  f ~ n c t l o r ~ s ,  : 

g a i n e d  a s t r o n g e r  s e n s e  o f  some o f  t h e  d i f f i c u l t i e s  t h e  

s t u d e n t s  w e r e  h a v i n g  w i t h  t h e  m a t e r i a l .  One  s t c d e r t  a s k e d  15 

t h e  p r o p e r t i e s  f o r  t h e  I n  f u n c t i o n s  were t h e  same a s  the 

p r o p e r t i e s  f o r  t h e  l o g  f u n c t i o n s .  

T h e  7 A  o f f e r e d  some h i n t s  o n  how t o  d e a l  w i t h  t h e  n a n y  

f o r m u l a s  t h a t  w e  were r e c e n t l y  e n c o u n t e r i n g  a n d  h a d  b e e z  =a::: 

. . t o  c o m m i t  t o  m e m o r y .  x y  n o t e s  f o r  t h i s  s e s s i o z  e o r : c l ~ d c  K::: 

a n  e m p h a t i c  " c o u r s e  p a c i n g  - s p r i n t  t o  t h e  e x a m s " .  

The l e c t u r e  c o n t i n u e d  w i t h  f i n d i n g  t h e  d e r i v a t i v e  c'f 

Arc-0s f u n c t i o n .  A f t e r  t h a t  w e  were t o l d  t h a t  :he 



d e r i v a t i v e s  of :he c t n e r  i n v e r s e  t r i g o n o m e t r i c  func t i z r . :  -,.:err. 

i n  t h e  tescbook and t h e i r  d e r i v a t i o n s  were sirnilsr E D  :-at cf 

t h e  Arccos f u n c t i o n .  Time was a t  a  premium. 3 e l l v e r ~  zf 

. ? 

i n f o r m a t i o n  was r a p i d .  The i n s t r c c ~ o r  f r e q u e n z l y  ide-z:z:ez 

t o p i c s  f o r  which we were r e s p o n s i b l e  and ones  t n a t  we z e e s  

no t  commit t o  memory. 

The i n s t r u c t c r  p o i n t e d  out  a s  he Wrote Out t l i s t  cf 

d i f f e r e n t i a t i o n  fo rmulas  t h a t  t h e r e  a l s o  was e correspczd:-c  

l i s t  of  a n t i a e r i v a t i v e s .  

W e  were a sked  t o  e v a l u a t e  t a n  ( c o s - I  (0.5) ' . The 

- .  
i n s t r u c t o r  s u g g e s t e d  t h a t  we use  o u r  ~ a l ~ u l a t o r ~  Z ~ r s c  - 2 5  

t h e n  e v a l u a t e  from f i r s t  p r i n c i p l e s .  Some of t h e  sz>~ce : . t s  

. , 

had t o  be l e a d  th rough  t h e  key s t r o k e  sequeRce Z S  2s- - - ' - - -  L A - L - -  

c a l c u l a t o r s ,  i n c l u d i n g  s e t t i n g  t h e  a n g l e  meascre Co 3AQI-FP: 

measure .  A S  t h e  i n s t r u c t o r  went th rough  t h e  t r a d i t o n ~ l  

e v a l u a t i o n ,  I r e a l i z e d  t h a t  most of my c l a s s m a t e s  di< ri:z 

X: - 0 have t h e  n e c e s s a r y  background t o  move from c o s - l ( ~ . 5 )  
= T - 

- L  

, . 
use  t h e i r  h i g h  s c h o o l  mathematics  a s  a  p r e r e q u l s l t e  

background,  r a t h e r  t h a n  t h e  h igh  s c h o o l  m a t h e r a t i c s  cr r-e:r 

s t u d e n t s .  

E x e r c i s e s  i n  fo rma l  d i f f e r e n t i a t i o n  fo l lowed  t h i s  

example .  They were i n c r e a s i n g l y  messy e x p r e s s i o n s  

c u l m i n a t i n g  i n  an a t t e m p t  t o  d i f f e r e n t i a t e  



muted. The instr~ctor did point out as a "flaw - ?  + - a  L-.b 

- notation" that the -' :n sin-I was not an expone?:. A i-I ---. - = 

e comment happened I n  midst of a very fast prese:cazicc cf I:-- 

solution. 

~t 8:00 p.m., with less then half an hour left, xe hecar 

section 6.9 on Hyperbolic Trigonometry. The i r s z r . ~ c t c r  

. . 
mentioned that the functions in this section were asefc- 1:. 

some fields of engineering. Brief mention of rhe cg?ic 

sect ions was made and an analogy between circalor f>;;.c: :a:,s 

and hyperbolic functio~s was alluded to. But t2e ' . 1 - - -  L UI-L L-V. .= .  - --- - 
were defined as linear combinations of ex and e-::. The 

identity cosh2(x) - sinh2(x) = 1 was shown, usinc the 

exponent j.al definitions, and the similarity Zc t h e  

corresponding trigonometric identity pointed out. 

93 The derivatives of s i ~ h  and cash were developed. ". - .A\- 

other hyperbolic functions were to be understood thrc;~' 

analogy with their circular function counterparts. The 

inverses of the hyperbolic trigonometric functions were 

mentioned. aur  s,udh- of this class of functions %as :.sx 





l 1 H 6 p i t a l ' s  R u l e  w a s  i n t r o d u c e d  a s  a  "sl:c-< r u l e  f c r  

e n o u g h  t l ' m e .  

l i m i t s  

When workiy ,g  t h r o s g h  t h e  e x a m p l e  l i m i t s ,  I t ?Accc t t  

a p p l y i n g  i ' H 6 p i t a 1 1 s  R u l e  b y  u s i n g  o u r  c a l c u l a ~ o r s .  A: E E ~  

e n d  o f  t h e  f i r s t  e x a m p l e ,  M i c h a e l  a s k e d  i f  w e  w e r e  a l l s x e s  ;c 

-. 
r- 2 u s e  t h i s  r u l e  f c r  l i m i t  p r o b l e m s  e n c o u n t e r e d  e a r l z e r .  - A - L  

i n s t r u c t o r  replied, "Yes ,  you  s u r e  c a n . "  

c 00 
E x a m p l e s  l n v o l v l n g  indeterminate f o r m s  - - - 

C ' m  1 mx: ,  z. 

t h e  d e s i r e d  f o r m .  

~ i ~ i t ~  a s  j m  c a u s e d  t h e  i n s t r u c t o r  t o  d i c ; r e s s  ajcld: 

e n c o u n t e r i n g  t h e  term googolplex i n  a  m o v i e  o n  teles-:s:cr:  



00 00 

i n v o l v i n g  00, 00 arid 1 were discussed a ~ d  t n e  ~ez:?r.:ace cf 

t a k i n g  t h e  I l m l t  o f  t h e  l o g a r i t h m  of  t h e  f u n c t l o ?  ;n a u e s - ~ - -  - - A  

was i n t r o d u c e d .  The instructor quoted  a  L i m i t  ? r o p e r ~ ; i  

- i Theorem from Chapter  1 whi le  worklng through an example .  _ _  

reminded me of r e f e r r i n g  back t o  an obscure  p a s s a 9 e  f r o r  tL:e 

Old Tes tamen t .  The a c t u a l  example, however, was q c ~ r e  r ; c n .  

lim a  bx - f  . - 
P Showing t h a t  s+oo (1 c -) = eab would l e n d  i t s e l f  :.:,,- -, 

.Y 

t h e  development o f  t h e  con t inuous  compound i n t e r e s t  f z r r - x : ~ .  

. , 
During t h e  break ,  Br i an  a n d  2 h i i i p  wanted E O  t a l k  ;.::,: 

me abou t  t h e  N ~ E R I V  f g n c t i o n  on t h e  TI-8: c a l c s l a t o r  :;a,:: 

j u s t  a c q u i r e d .  I found t h a t  David, who ~ o i ~ e d  cur  

c o n v e r s a t i a n ,  was more e x p e r t  t h a ~ .  I wi th  t h i s  c a l c u l a t ' e r .  

He was ve ry  h e l p f u l  t o  t h e  o t h e r  s t u d e n t s  and c e r t a i c 2 y  verl; 

e ~ t h u s i a s t i c  abou t  t h e  p o t e n t i a l  of t h e  d e v i c e .  



Returc lng  from break ,  we l e a r n e d  c h a t  we were g o i n s  zz 

cover  s e c t i o n s  9 . 1  a2d 9 . 2  i n  t h e  remaining f o r c - , - - f i v e  

m i n u t e s .  The concep t s  and amount of m a t e r i a l  that were 2 , ~  

covered  and prescmably a s s i m i l a t e d  by u s  i n  t h e  zirze 

a v a i l a b l e  were beg inn ing  t o  t a k e  on s u r r e a l  d imens ions .  !?:- 

own p e r s o n a l  b e l i e f  t h a t  t h e  t o p i c  of p a r a m e t r i c  equaci,:?s 

was a  r i c h  and s i g n i f i c a n t  s o u r c e  of conceprs  and 

a p p l i c a t i o n s  caused r ~ e ,  by 8 :  55, t o  n o t e  aSoxt - ? s e l f ,  

"hunched s h o u l d e r s ,  v i s c e r a l  r e a c t i o n  t o  p r e s e ~ t a t i o ? " .  

There was no th ing  wrong wi th  t h e  p r e s e n t a t i o ~  exzecE 

t h a t  t h e  t i m e  a v a i l a b l e  made it seen  inc0mpleEe and 

i n a d e q u a t e  f o r  apAy unders t and ing  of t h e  u n d e r l y i n ?  c o - z e s t s .  

A p a s s i n g  r e f e r e n c e  t o  t h e  f r e q u e n t  occur rence  cf p a r a m e t r i ~  

d2 v - 
d 2 v  & - b u t  did r o t  fo l low up wi th  t h e  c o r r e c r  pzrar-?:r-: 
dx2 d2, ' 

e x p r e s s i o n  f o r  a second d e r i v a t i v e .  

~ o v i n g  09 t o  an e:~:ample, t h e  i n s t r u c t o r  s a l d ,  "1.: = c c j  r : ,  

and = cos (2)) and immediately yocr h e a r t  p a l p i r a t e s  ar.6 23:. 

s a y ,  ' o h ,  oh .  w e ' r e  g e t t i n g  i n t o  t r i g  i d e n t i t i e s .  ' 

y o u ' r e  r i g h t .  8, t h i s  t ime I assume t h a t  you a r e  m a s t e r s  ci 



trigonometric identities." While the instructor deveiopej 

the sketch of tn? curve, Philip was using the paramecriz 

graphing capabili-ies of his new Calculator a r 5  proudl\- 

showing off the results to David. It was almost as if e 

technolo3ical fifth z ~ l u m ~  was forming in the back raxs 35 

long forgotten mathematics. 

There was time for one example from sectio? 9.2 anc t?.er 

the penultimate lecture in this course was done. 

On November 28 I arrived late for the first tutorl~l 

session and spent time at the begicning talkicg x;:kl 3r;a: 

about the zoom function for graphs on his TI-81. A sheet 

listing student marks on assignments and mid:erms was 



c o p i e s  of = h e  mark s h e e p s .  The i n s t r u c t o r  a a v l s e d  .LS tz e ? : ~ : : .  

t h e  s h e e t s  f o r  a c c c r a c y  and br i r lg  any c o r r e c t i o n s  w e  rich: 

have t o  t h e  f i n a l  e x a m i n a t i o n .  

A t  8:00 p . m . ,  w i t h  h a l f  an hour  of i n s t r u e E i o n a l  r:z+ 

l e f t ,  t h e  i n s t r u c t o r  began s e c t i o c  9 . 4 ,  P o l a r  Z o o r c i n a : ~ ~ .  

We were t o l d  t h a t  we would not  be r e s p o n s i b l e  f e r  t h e  

m a t e r i a l  i n  s e c z i o n  9 . 6  Conic S e c t i o n s ,  b u t  c h a t  we si-.c.~lci 

r e a d  t h i s  m a t e r i a l  b e f o r e  beg inn ing  Math 1 5 2 .  

The t r e a t m e n t  of p o l a r  c o o r d i n a t e s  was ver:; sixilar :c 

, - 
t h a t  of  p a r a m e t r i c  e q u a t i o n s .  A g r e a t  d e a l  of ; ~ ; a t e r l a ,  wa5 

c o v e r e d  i n  a  s h o r t  p e r i o d  of t i m e .  There was verb. l i t z l e  

s t u d e n t  involvement  i n  t h e  c l a s s .  Even s imple  q . ~ e s t i c z c  fr:,: 

t h e  i n s t r u c t o r  were l e f t  unanswered.  

The l a s t  example of t h e  c o u r s e  was t o  f i n d  x h e r e  t k e r e  

ci ; 
i s  a  h o r i z o n t a l  t a n g e n t  l i n e  f o r  t h e  c u r v e  r 2  = @ . 

1 .: A' .;c S 
4.. 

found u s i n g  pa ra rne t r l c  e q u a t i o n s  wich 8 a s  a  p a r a m e t e r .  

dv 
S o l v i n g  f o r  0 s o  t h a t  = 0 l e a d  t o  s o l v i n q  28 c a n  f3 = : 

T h i s  was done x s i n g  Newton's  Method f o r  apprc: . : i ra t inq r:ztc. 

What a  n i c e  l i t t l e  problem showinq how v a r i o u s  t o p i c s  fr2n 

t h i s  c o u r s e  cou ia  d o v e t a i l !  I: was u n f o r ~ u r a t e  c h a t  :her+ 

, - 
w a s n ' t  enough t ime  t o  c o n s i d e r  t h e  s o l u t i o n  i n  deta:,.  

Ra the r  than  have a second t u t o r i a l  s e s s i o n  t h a t  ev- : ;z  - I 

t h e  i n s t r u c t o r ,  t h e  TA, Thomas, C a t h e r i n e  arc! I wecc zs 

d i r n e r  i n  Gastown. I t  was an o p p o r t u n i t y  f o r  T.e t o  he?: t5.6 



o p i n i o n s  a n d  l e a r n  a b o u c  t h e  b a c k g r o u n c  o f  s o n s  af rr:; 

i n f o r m a n t s .  I t  was  a l s o  a  p l e a s a n t  c o n c l u s i o c  t- a 18222 k:.: 

a r d u o u s  t e r m .  

The  f o i l o w i ? . q  T u e s d a y  w e  wroze t h e  f i n a l  e : . :arnir .a t icr .  5:. 

t h e  c o u r s e .  The i c s t r u c t o r  p r e f a c e d  h i s  i n s t r . d c t i a n s  tc LS 

b y  s a y i n g  t h a t  w e  s h o u l d  n o t  u s e  t h e  g r a p h i n g  c a p a b i l i z : e s  E L  

t h e  p r o g r a r n m i n a  c a p a b i l i t i e s  o r  a n y  o t h e r  c a p a S i l i t i e s  :f 

w h i c h  h e  w a s  u n a w a r e  o f  o u r  c a i c u l a t o r s  d u r i n g  c h e  

, - e x a m i n a t i o n .  T o  my k n o ~ v - l e d g e ,  my c l a s s m a t e s  were sc rx~ . - : l c : : :  

i n  t h e i r  c o m p l i a n c e  w i t h  t h i s  r e s t r i c t i o n .  

A s  t h e  i n s t r u c t o r  h a d  p r o m i s e d ,  t h e  examination x a s  

a b o u t  t w i c e  t h e  l e n g t h  o f  t h e  m i d t e r m .  W i t h  t h r e e  h c ~ r s  z,: 

-; w r i t e  t h e  p a p e r ,  t h e  p a c e  seerned a l m o s t  l e i s u r e l y .  -..L 

c h a i r s  a n d  t a b l e s  a l l o w e d  u s  t o  a r r a n g e  o u r  work nore 

c o n v e n i e n t l y  . D a v i d ,  u n f o r t u n a t e l y ,  h a d  h u r t  k i s  b a c k  a: 

work a n d  was  u n a b l e  t o  r e m a i n  s e a t e d  f o r  t h e  5 x 2 1  t h r e e  

h o u r s .  H e  l e f t  a f t e r  t w o  h o u r s  w i t h o u t  a n y  e x p l a n a c i : :  r,2 :kt 

- ,  

i n s t r u c t o r .  C a t h e r i n e ,  a s  u s u a l ,  w a s  t h e  f i r s :  ZG zlx:sh. 

The  r e s t  of u s  took a d v a r t a g e  o f  t h e  eS t r2  t i m e .  

A t  t h e  e n d  o f  t h r e e  h o u r s ,  10:00 p . m .  on a 2 e c e - 5 e r  

- . .  
n i g h t ,  w e  h a n d e d  iz o u r  p a p e r s  a n d  t h e  c o u r s e  x a s  I : : .Lsc~Y.  



Interviews 

Introduction 

After the course was completed, I interviewed s;:,: cf ry 

classmates and the instructor. These interviews occcrred ic 

the period between December 13, 1991 and Febr~ary 14, 1992. 

One interview took place in the student's workplace e a r i y  1- 

the mornlng. Another was conducted in the researcher's home. 

Three interviews were done over the telephone. One l~tervie-~ 

was in the student's apartment. The instructzr, 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 I n  Chapter ;I. T Pa 2 

account here is meant to tell, in their own words, the 

experiences and attitudes of the participants iP thls course. 

Student Backarounds 

The students I interviewed ranged in age from their 

early twenties to middle fifties. Two of them were amorg  the 

most successful students in the course, one was in the miczle 

of the grade distribution, two were at the lower end of the 

distribution and one did not complete the course. 2r.e + m 4 - -  L A l l . . y  

they had in common was the fact that they hac all b e e n  away 

from high school for some time. 



C a t h e r i n e  was a twenty- two y e a r  o l d  who had  t a k e r  t h i s  

c o u r s e  i n  h e r  s e c o n d  semester aJi  Simon F r a s e r  U n i v e r s i z y .  

She was b e g i n n i n g  a  m a j o r  i n  c o g n i t i v e  s c i e n c e .  P r i c r  r o  

coming t o  SFU s h e  had  s t u d i e d  T h e a t r e  a t  t h e  University 2: 

Saska tchewan  f o r  t h r e e  y e a r s .  

When i n  h i g h  s c h o o l  i n  Saska tchewan ,  C a t h e r i n e  had  S e e n  

e n r o l l e d  i n  a n  a c c e l e r a t e d  m a t h e m a t i c s  p r o g r a n .  

C o n s e q u e n t l y ,  s h e  had  s t u d i e d  c a l c u l u s  i n  gracie 1 2  a l r h o u g k  

s h e  h a d  l i m i t e d  s u c c e s s  w i t h  i t .  Whi le  s t u d y i r g  f o r  2 

t h e a t r e  d e g r e e ,  s h e  had  t a k e n  a  c o u r s e  which  :he r e f e r r e d  zts 

a s  "bunny m a t h " .  "I d i d  q u i t e  w e l l  i n  i t ,  b u t  it was a  

r e h a s h  of a l g e b r a  and  t r i g ,  b a s i c a l l y .  And i t ' s   bee^: a  w h i l e  

s i n c e  I ' v e  d o n e  t h a t . "  

S t u d y i n g  m a t h e m a t i c s  i n  h i g h  s c h o o l  was n o t  a  p o s i t i v e  

e x p e r i e n c e  f o r  C a t h e r i n e .  She  s a i d ,  " I  h a d  l o ~ s y  t e a c h e r s  . . .  

a n d  i n  h i g h  s c h o o l  t h e r e  was a  C e r t a i n  s t i g m a  a t c a c h e d  . . . "  

She went  on t o  t a l k  a b o u t  one  c l a s s m a t e  who worked h a r d  a t  

m a t h e m a t i c s  a n d  p h y s i c s .  "Nice guy ,  r e a l l y  n i c e  g u y .  3 u t  I 

d i d n ' t  want t o  b e  l i k e  h im."  

When a s k e d  i f  s h e  had t a k e n  any  p h y s i c s  b e f o r e  tk i s  

c o u r s e ,  c a t h e r i n e  r e p l i e d  t h a t  s h e  h a d  and  added ,  " - R c t s e l l y  

w e  l e a r n e d  a  l o t  more a b o u t  math i n  p h y s i c s  t h a t  w e  d i d  ir. 

math  f o r  a  w h i l e . "  

David  was t w e n t y - e i g h t  y e a r s  o l d .  A t  t h e  t i m e  he was 

t a k i n g  t h e  Math 151 c o u r s e ,  David was a l s o  w o r k i n g  n i g h t  



shifts full time. David was returning to school after on  

eight year absence. He had attsmpted two courses sever21 

years earlier, but health problerrs had caused  hi^. tz 

In high school., Cavid had been quite successfcl 5:  

mathematics and the sciences. He had graduate5 with 2 2.:. 

provincial scholarship. His first experience cf ur!:verslzl 

studies was not positive. As David said: 

- - 
Suddenly in grade 12, I reallzed I was be:no sn:p;ez c r r  
to U.B.C. sclences and I wasn't sure I hz?ced tc ?c  
there. I had nc idea what I wanted to do zr why I 
wanted to do lt. But I went off to school and q z z  zr,_c 
atroclous grades, thereby giving me soclery's ?erF:ss:-r 
to go off ar,d explore on my own. 

David had transferred to Simon Fraser University a, z k l s  

time. "Consequently the grades I got eight years ago are 

pretty grim and I have to fight them to get my G.P.A. ~p rc-. 

that I have some goals." 

David's academic goals included earning a degree as 2 

business major. His experience in the Math 151 course +:as sc 

positive that he said, "In fact, I enjoyed thar class sc 

that it made me consider possibilities that I kaBnlc r e o 1 1 4  

considered before. Pcssibly in math or other . . . "  E;;t ?is 

first goal was that i~itial degree in business. 

Elizabeth was ~hlrty-three years old and kad er:g:ra::; 

come from Ontario. In high school she rook no science 

courses and mathematics courses only up to grade 11. 3:k::e 



she was living with relatives in Germany, she developeS a:. 

interest in physics. 

When Elizabeth came to Vancouver in 1984, she E o z ~  

11 and 12 mathematics and science courses at tce Kits Zd-.c=-- - - -  
campus of Vancouver Community College. She com?er,ts 2: ~5:: 

experience: 

So when I got to Vancouver in '84, the flrst th:r.g I 
did, a priority, was to get back to my educaticr, 5::~: :z 
up. I went to the King Edward campus of V.C.C. aFc t z 3 ~  
all the science courses; chemistry, bio;ogy, pkys:cs, 
and math - grade 11 and 12 levels. And acrually I 2:- 
very well; that was a good period of tloe. I f e l z  I 
learned a lot; I was a straight A studen'. 

Elizabeth spent some time as a pharmacy techriczl 

assistant. "I did take a break from my studies at K;r2 

Charies because things were getting pretty bad as far as 

keeping myself alive and making a living. Money was zl;&-ays 2 

King Edward campus and at St. Paul's Hospital. 

After completing a physics 12 course at Vancoxver 

Community college, Elizabeth enrolled in two philcs2ck.: - A 2-5  

one linguistics course at Simon Fraser in the summer tery, 

She signed up for five courses in the f a l l  cf 1990, 

, .  . 
including Math 151. It was a disastrous tern. She 5escrzaez 

So, I just got knocked completely fiat on rxy back :?. tze 
first couple of weeks. I found that I was completely 
out of control and really behind by even  he second 
week. It was a whole new setup; so much being thrch-r a: 
me. 



Elizabeth dropped the math and two science cogrses szrly 

in the semester. 

During the winter term, 1991, she took Math ;C3 2.2 ;cz 

an A in the course. In the fall term, she was enrolle3 :r 

Math 151, a physics course and a course on Euclidean 

geometry. Ultimately, she failed to complete 2'1- of z k z s e .  

Elizabeth did not feel that she had been adeq.~atelq 

prepared for university work in either high school 3r at 

community college. She commented: 

And having no study habits from high school was a 
disaster. I musc admit I never studied in hig.?i scFL3zl. 
I didn't know what it really was. When I was a: 
~ d ,  it was my own determination and incerest and en2rcy 
that got me through. I studied a lot. I studied very 
hard at King Ed and put in a lot of time into everytki?q 
I did there. But I don't know if I'm studying 
efficiently. I had enough time to do in my own sryle 
whatever was necessary to do well in my courses. But I 
get a feeling that that is not efficient enough for eke 
pace and amount of material to be covered at universi~v. 

Elizabeth felt that the university was, 12 some - d a y s ,  

school for a long tlme. She added: 
Another thing about university. I really qot a strzrs 
high schoolish feellng in a lot of ways when 1 weE: c z  
SFU . . .  and it made me feel very uncomfortable, I 3ust 
didn't llke it. It was a com~ination of many tnings. 
Partly, it was being surrounded by a lot of people .lust 
from high school. You could tell that a l c t  cf 
instructors had geared the way they set up the c e L r s e  
and the way they were explaining thlngs to people, 
talking to people. It was geared very speclflcal-1. f c r  
people rlght out of high school, that age group, t ~ e  
background. It just added to the negatlve aspecz 2f yi 
experience. 



S u s a n  was  a  young  woman who h a d  p r e v i o u s l y  t a k e -  c c u r s e s  

a t  u n i v e r s i t y  a n d  was i n t e r e s t e d  i n  s t u d y i n g  a c t u a r i s :  

s c i e n c e s .  S h e  h a d  a l r e a d y  e a r n e d  c r e d i t  f o r  a  c a l c c i u s  

c o u r s e .  

I a l r e a d y  h a d  c r e d i t  f o r  [ M a t h ]  1 5 4  o r  15' z r  sc r re th ;n?  
l i k e  t h a t  a n d  I t h o u g h t  I w o u l d  be u p g r a d i n g .  I r s z e a d  -y 
g r a d e  g o e s  down t h r e e  l e t t e r  g r a d e s  o f  s o .  So I 
t h o u g h t ,  "What wen t  w r o n g ? "  I n  t h a t  c l s s s ,  I wzs  ?.appy 
t o  b e  p a s s i n g .  

H e r  p o o r  r e s u l t s  i n  Math 151 h a d  l e f t  h e r  u n s u r e  sf h e r  

f u t u r e  p l a n s .  A l t h o u g h  s h e  i n t e n d e d  t o  e n r o l l  a: ST: :he 

n e x t  s e m e s t e r ,  s h e  p l a n n e d  t o  " g o  t o  . . .  m a t h  w h e r e  y c s  x c r k  

p u r s u e  a c t u a r i a l  s c i e n c e  a t  a n o t h e r  i n s t i t u t i o ~ ,  s h e  r e a l j . ~ ~  --! 

"I  g u e s s  a n d  I g u e s s  n o t .  H o p e f u l l y ,  I ' m  g o i n g  t o  t a k e  a t h e r  

a r e a s  o f  s t u d y  a n d  see how it g o e s ,  b u t  I d o n ' t  know w h z t  t~ 

t h i n k  a f t e r .  . . " 
S u s a n  f e l t  c o n f i d e n t  a b o u t  t h e  a d e q u a c y  o f  h e r  

p r e p a r a t i o n  f o r  t h i s  c o u r s e .  When a s k e d  i f  s h e  f e i r  

c o m f o r t a b l e  w i t h  t h e  h i g h  s c h o o l  m a t h e m a t i c s  t 5 a t  was 

r e q u i r e d  f o r  t h e  c o u r s e ,  s h e  r e p l i e d :  

A c t u a l l y  I d i d ,  y e s .  I d i d n ' t  h a v e  a n y  d f f i c x i t y  iz 
t h a t  a r e a .  I know t h a t  some p a r t s  t h a t  h a v e  l e f t  me c r  
maybe ~ ' v e  n e v e r  l e a r n e d  i t  a n d  I t h i n k  a b o u t  1z quite 
o f t e n .  T h e r e  were many a r e a s ,  f o r  e x a m p l e ,  i? grade  1: 
w h e r e  maybe T h a d  l e a r n e d  i t  t h e  wrong  way.  Now ~t 
t a k e s  t e n  t i m e s  [ t h e  e f f o r t ]  t o  u n l e a r n  i:. . . 



Later, she added: 

I found you needed your algebra. There were sore ?arts 
that you obviously needed more than others. . . .  Se?e 
things yes, some things no. I remember he [the 
instructor] went through one example and I thouck-, 
"Gee, I've never covered that before." 

. - ,  - 
Charles was a professional engineer in his mia-;~rz:es. 

He had taken the calculus as an engineering studen: s s z ; :  ir 

1958. Charles was a self-confessed "course jurk.-" 
. - 

y . zs saiz: 

I started a couple of years ago. I took a basic 
programming course at SFU. And I thought I would be - - 
kind of an oddball in the class. But it was re&;-y fa: 
to find that the kids didn't care if I %as twenzy z r  

, .  . fifty. They really don't seem to care, which is L: :Z  3: 

fun. So I 'm back at it. 

had taken it several years earlier. 

Charles had missed a number of classes durinq t::e yery 

because his work had required him to travel. Conseq~iently, 

although he did not know his grade at the cine cf r h e  

7 9 interview, he d:d not believe that he had dore very A, 

151 and then taking Math 152. "So I expect tc cc back ac3 

it [the calculus] anyways, from the mathematical pzint zf 

view. " 

Charles noted the difficulty of returnin9 ts t:e s z ; ~ ;  

of mathematics after a long absence. He commented: 



B e c a u s e  a  l o t  o f  t h e  p r o b l e m s  I f o u n d  w e r e  gobs cf rjs , ;  
n o t  j u s t  i n  r e m e m b e r i n g  t h e  a l g e b r a ,  b u t  In g e t t ~ n g  ;se5 

- . t o  s i t t i n g  down i n  a  c o n c e ~ t r a t e d  f a s h l o n  azd wk:sz,;r~ 
o f f  a b u n c h  o f  c a l c u l u s  p r o b l e m s .  

Wi th  r e s p e c t  t o  t h e  a l g e b r a i c  s k i l l s  r e q u i r e d  ir. t h e  c a , r s e ,  

h e  s a i d :  

Well c e r t a i n l y  t h e  a l g e b r a  p r e s e n t e d  some difflculr~es, 
b e c a u s e  it h a d  b e e n  s u c h  a  l o n g  t i m e  s l n c e  I ' B  ccns :z. 
On t h e  o t h e r  h a n d ,  I t h i n k  i t ' s  f a i r  f o r  a  p r c f e s s c r  ::, 

a  c o c r s e  t o  a s s u m e  t h a t  a  p e r s o n  who t a k e s  iz -?as rze  
n e c e s s a r y  p r e r e q u i s i t e s .  I d o n ' t  t h i n k  t h a t  y e c  za- 
b u i l d  i n t o  t h e  c o u r s e  a  l a r g e  amount  o f  revie-#,-  t l n e .  

I t  h a d  b e e n  C h a r l e s ' s  i n t e n t i o n  t o  t a k e  Mat? 10C, z k e  

c o u r s e .  T h i s  was a  s t r a n g e  s i t u a t i o n ,  b e c a u s e  st3de:rs 

t a k i n g  c o u r s e s  a t  t h e  downtown campus  w e r e  l i k e l y  c o  h a v e  

b e e n  away f r o m  s c h o o l  f o r  a  l o n g  time a n d  w o u l d  n e e d  ?.".a_:? 1 3 ~  

I t h i n k  t h a t  t h e  p r e c a l c u l u s  c o u r s e ,  e v e n  i f  yac have 
t h e  n e c e s s a r y  p r e r e q u i s i t e s ,  f o r  t h o s e  s t ~ d e n t s  -~:?i3 :.a-,,-e 
b e e n  away f o r  maybe more t h a n  f i v e  y e a r s ,  s h o ~ j l c i  b e  e 
s t r o n g l y  s u g g e s t e d  r e q u i r e m e n t  [ f o r  m a t h  151:. 

H e  a d d e d ,  " I t  w o u l d  be a  l o t  e a s i e r  t o  w a l k  i n  r h e r e  and s i t  

? ,  

down, b e c a u s e  you w o u l d  be u s e d  t o  w o r k i n g  t h a t  way, r l r s t  3f 

a l l .  And s e c o n d l y ,  you w o u l d  h a v e  f r e s h e n e d  u p  orA a l- t  - 5  



E n g l a n d  w i t h  t h e  s p e c i f i c  i n t e n t i o n  o f  e a r n i n ?  a n  e n g i ? e e r i ? . c  

d e g r e e .  

. , Thomas was i n  h i s  e a r l y  t h i r t i e s  a n d   ha^ beer ir;crc:zz I- 

a n  e n g i n e e r i n g  f i r m .  E i s  d e c i s i o n  t o  t r y  f o r  ar. e ? g i ~ e e r i : . z  

d e g r e e  came ,  " b e c a u s e  I h a d  g o t t e n  t o  t h e  s t a g e  w h e r e  I 

c o u l d n ' t  g e t  much f c r t h e r  i n   he e n g i n e e r i n g  f irr .  I ~ . E S  5; : :? - ,  

n o t  w i t h o u t  a  d e g r e e .  " 

I n  B r i t a i n ,  Thomas h a d  c o m p l e t e d  h i s  O-level  

, . 
e x a m i n a t i o n s  i n  m a t h e m a t i c s  a n d  t h e  s c i e n c e s .  Y e  :r:oc z n e  

y e a r  o f  A - l e v e l  m a t h e m a t i c s ,  b u t  d e c i d e d  t o  ? . s a v e  s c h c 3 l  fcr 

t w o  y e a r s .  upon r e t u r n i n g  h e  h a d  s t u d i e d  c a l c c l u s  a l r , e d  a t  

t e c h n i c a l  s t u d e n t s .  Thomas n o t e d  t h a t  t h i s  c o u r s e  wcs "ECL 

a s  i n  d e p t h  a s  t h e  s t u f f  I ' v e  j u s t  b e e n  d o i n g .  J c s z  b a s i c . "  

H e  d i d  q u i t e  w e l l  i n  t h a t  c o u r s e ,  b u t  t w e l v e  y e a r s  h ~ d  c a s s e e  

s i n c e  h e  h a d  t a k e n  i t .  

H i s  r o u t e  t o  a n  e n g i n e e r i n g  d e g r e e  r e q c i r e d  t h a t  h e  t s k e  

b o t h  Math 152 a n d  a  L i n e a r  A l g e b r a  c o u r s e  i n  t h e  semester 

> ,  

f o l l o w i n g  Math 1 5 1 .  H e  h a d  t a k e n  a  p h y s i c s  c o u r s e  z-r;?? zt? 

F a l l  1991 term a n d  w o c l d  be t a k i n g  a n o t h e r  o n e  ic t - 2  ne:<z 

semester. 

Thomas f e l t  t h a t ,  g l v e n  t h e  opportunity, h e  w o ~ l c  r.cT-5 

t a k e n  Math 100 b e f o r e  t h e  Math 151. I n  terms o f  P a c l < r r c , r z  

m a t h e m a t i c s ,  h e  f o u n d  t h a t  t h e  trigonometry was  c a c s l n ?  k:r 

greater  d i f f l c u l t l e s  t h a n  t h e  a l g e b r a .  H e  u s e d  cclle~e 

t e x t b o o k s  a n d  t h e  a p p e n d i c e s  I n  t h e  c o u r s e  t e x t  f c r  reL7;e 



. - 
purposes. When I asked whether or not he was c o m f - r z s ~ ~ e  

with logarithns and exponential functions whe- the)- came 

along, Thomas responded: 

Well, I'rr never really comfortable with anyth:ng rew. 
But then agaln, logarithms are not really that ?el\-, c r  
not to me. But it was basically the fact tkat I ha2 
forgotten it all, so I had to relearn ~ t .  

. - ' W 7 <  I prompted him ~ L t h  the comment, "So it carne 5ack?" - '  - ..L.i:C- 

replied: 

It dldn't come back. I had to relearn I:. 3,t -Lher y z L  
start saylng thlngs about when you mulriyly ;ogs, yoL 
actually add, I remember that. Exponentlals . . .  I c a r ' :  
think I covered ~t much before. So that's baslcallq -1- 
new. 

Later, I asked Thomas if he was comforzable :":;z?. z ? : ~  

NO, I ~ouldn't say I was feeling comforta~le. : 
struggled . . .  But I guess I would have been f o o l ~ s .  ta 
thlnk that it would be otherwise. But the facz ma: I 
got through it [Math 1511 has glven me a lot 2f so~:::-~e 
feelings. 



Catherine set the tone by responding to :he qcesrlen 

"Why did you cake Math 151?" with: 

This particular math course? Well, to be b r u z a l l y  
honest, it was a prerequisite. It was one which was r-: 
included in my program and originally I resented hav l r . 3  
to take it, because it doesn't count for rr.y prcqrap, 
[cognitive sciences]. 

Math 151 was not required in Catherine's inrenced majcr, k.-:: 

it was a prerequisite for mandatory courses. 

Thomas said he was taking the course becacse ho had z:. 

"Because I'm doing this engineering program, I'm locked izz: 

this math. It's a bit of a shame", was his cor.asnz. 

Susan was taking the course because of her interest ir 

actuarial science. But she expressed her view with t h e  

comment "why are people taking this course? There is n s t  cce 

soul who is taking this course just out of inyerest. Xe kr:?; 

that for sure. " 

At the other end of the spectrum were the responses cf 

David and Charles. David said that he was reqcired tc zake 

would have sufficed. He chose to take Math 15; because, as 

he said: 

~t seemed to me from the description of  he ccrriccl.;y, 
151 had pretty much what the business course had and 
more. And 1 wanted to leave the options cpeK, :f I xere  
to decide to get a second degree in management se;ence 
or computing science. 



Charles decided to take Math 151 because, "I've ~ l w a , ~ - s  

liked math and xhen I took it first time around I d i c k ' t  

spend as much time on it as I should have, " and "Yy  s z n  :ec'-: 

it a couple of years ago and I thought it was kind 2 5  

interesting. " 

When I spoke with the instructor about the nuaber 2 5  

students taking Math 151 because it was a prereqsisi~e, 2e 

commented: 

It's used . . .  other people use it as a fil~erlng sr?cesc. 
Basically they figure, if a student can :er throuqk. 
151,152 at Simon Fraser, they are reasonably intelligert 
students. It's a filtering process. If the disc:~l;r.s, 
the other discipline, has any kind of mathemazical 
thinking at all, then they want them to come thraug? . ,  

. 
here because they filter out the people who caz't - - -  - .? 

mathematically. Business does that. 

being something of a litmus test, he replied: 

I don't know if I feel comfortable about 15, buz ~y 
feeling 1s that it certainly is. You do well 1- lt, 23: 
a high B or an A, and you should be able to do 
well ...g et a bachelor's degree in the sciences. Eu: :f 
you got a C, my feeling is that maybe the scierces 1s 
just not your strong point. Maybe you shoula try anz 
look at some other area. 

Student Attitudes Towards Mathemat~cs 

The participants expressed a wide variety cf at,:tudec 

towards mathematics in general and the mathematics L ?  zhis 

course in particular. 



C a t h e r i n e ,  t h e  m c s t  s u c c e s s f u l  s t u d e n t  i n   he c a ~ r s e  

b e g a n  w i ~ h  v a r i ~ u s  n e q a t i v e  f e e l i n g s .  

A t  t h e  b e g i n n i n g  o f  t h e  semester when t h e  l r . s t r ; c t = r  
s p o k e  a b o u t  how w e  s h o u l d  buy t h e  a l g e b r a  t e x z ,  ~ a r ~  

r C ?  ,-.ht 1 0 0 ,  f o r  w h i c h  I h a d  c r e d l t ,  a n d  r e v i e w  i z ,  I ,,-,,,..-, 
"Oh g o d !  I d o n ' t  h a v e  t i m e  f o r  t h i s  c l a s s ! "  

When I a s k e d  h e r  i f  t h e  t i m e  r e q u i r e d  b y  t h e  c o u r s e ,  n s r  

t h e  d i f f i c u l t y  o f  t h e  m a t e r i a l ,  was h e r  p r i m a r y  c o r c e r ? ,  s.ke 

I j u s t  d i d n ' t  wan t  t o  s p e n d  it t h a t  w a y . "  

I a s k e d  h e r  a b o u t  h e r  f e e l i n g s  t o w a r d s  r ~ z h e ~ a ~ l c s  -: 

t h e  e n d  o f  t h e  c o u r s e .  She  r e p l i e d :  

A l o t  b e t t e r .  I n  h i g h  s c h o o l  a n d  when I was d o l n g  
p r e v i o u s  s t u f f ,  i t  was  much more  concerted w l t n  d c i n q  
t h i n g s  I n  t h e  r i g h t  o r d e r  o f  s t e p s ,  y e E t l r g  t h e  r ; g h t  
a n s w e r .  I c o u l d n ' t  b e l i e v e  t h e  f r e e d o m  1r. t h l s .  I 
r e a l l y  c o u l d n ' t .  A l l  o f  a  s u d d e n ,  you d l c r A t t  n z v e  tc zc 
a l l  o f  t h e  s t e p s  i n  e x a c t l y  t h e  same . . .  1ntu:t:on was 
a l l o w e d  m o r e  i n  m a t h ,  w h i c h  I t h r o v e  o n .  

A s  a n  e x a m p l e  o f  o n e  t o p i c  f r o m  w h i c h  s h e  d e r i v e 6  q r e s z  

- C s a t i s f a c t i o n ,  C a t h e r i n e  c i t e d  h e r  s u c c e s s  w i t l ?  r e l a t e d  razz ,  

p r o b l e m s .  

I liked t h o s e :  r e l a t e d  r a t e s .  J u s t  b e f o r e  t r e  f l ~ a l  ?..:ET 
7 - 

I wen t  o v e r  wha t  t h e  t e x t b o o k  h a d  t o  s a y  a n c  I r;g7Lre- 
o u t  how t o  d o  ~t . . .  w h i c h  w a s n ' t  t h e  way t k e  p r o f e s s - r  
h a d  t a u g h t  i t .  And a l l  o f  a  s u d d e n  I was  ~ h r : l l e z  i~;::~ 

t h e m .  I w a n t e d  t h e m .  I went  b a c k  a n d  d12 c l l  a f  :re- 
t h a t  I c o u l d ,  w h l c h  was r e a l l y  l n t e r e s t l n s .  B e c a ~ s e  I 
h a d n ' t  b e e n  a b l e  t o  d o  t h e m  a t  a l l .  And s e c o n a l q ,  
b e c a u s e  m o s t  o f  t h e  c l a s s  c o u l d n ' t  d o  t h e n .  



It would be so great if we had just one system i .  n a t ? ,  
integrated, unitarian. Just one way of approachinq 
everythlnq. I think maybe that way we wouldr.'Z :?a\~e 
difficulties. 

Thomas also felt that there was one apprapriaze s2 l ; t :z - r  

for problems. When I asked him about this, he said: 

One simple way of doing it. I guess if y3u z r y  3 t h e r  
ways, they would end up being far more prcb1enaz:c~l. 
So knowing . . .  I don't know how you would know unless :;3u 
practiced and practiced and practiced . . .  and knew what 
do. 

David was very posi~ive about the benefits of szxdy~ns 

mathematics. When I asked why he chose to takz a ?.azfieratlzs 

course as his first ccurse after a prolonged aksence frcz 

formal studies, he replied: 

Well, I just find that it improved the way I f h i n k .  Tkie 
only thing comparable is a programming course I n  
computer science. I find that it stretches me more ~ h a r .  
the typical absorb and regurgitate course. Some 9f + ' rz  - - A  - 

art classes struck me very much as being that way. 
There is no stretch. It's just a questior of putti-9 in 
a bit of time, doing it and proving that you ntve cc: :rJ 
the time. There is more of a challenge in math i? :?.a: 
I am going into uncharted territory. It's cot a 
question of just absorbing different material. There 

r. q 7 -  are concepts and ways of visualizing thincs that : ; . o c 2  

not encountered before. 

between mathematics and science courses and these I- z:?e 

humanities. She said: 

I found that with humanity courses, with the E~~l:sc, 
philosophy or even the linguistics in the summer, w ; ~ : ~  
those types of courses you could get lost for a I l z t l e  
while, or something wocld happen, and you could reccver. 
But when it came to a science or math cccrse, I f e ; ~  



that, unless you were with it all the tlTe, every zaL. :r 
week, as soon as something happened and you lcse qr:? c r  
time, it was impossible to recover. 

as being fun. The difficulty with the material :r t n i ~  c z _ ~ s e  

was not with the "logic of the mathematics", but with "tee 

- -  memorizing necessary K O  remember the detail cf it". ,s,er ce 

commented: 

If you have a reasonable grasp of that sDrt of t h l n ~ ,  
you can get by In calculus and survive w i t h  a relat;';g:- Y 

1 q t  minimal amount of work, but you won't be ir,uch ~ 3 3 3  c, 

anything when you finish. But you ca2 srrt of qras? - ::e - 
concepts. Because the concepts in general are zcr  z A -  
that difficult. It's to remember all ,hat s t , ~ f f .  

he found this course relative to others. 
They have all been difficult. Chemistry hasn'z beex s; 
difficult because it isn't so much a concept-grasping 
thing. More of something that you actually learn 2s 
opposed to physics, which is more conceptual. And 
certainly so is math. So I guess it is the ccrceptlLzl 
stuff i have more difficulty with. 

Thomas offered another observation on rnazkemaz:cs 

courses. I listed several topics we had covered rapijl:; a: 

the end of the course and asked him if he had any sense 2 s  tz 

why those topics had been taught. He replied, "No, noz 

really, to be quite honest. I guess there's qct tc be a 

things and not know why, he laughed and conrlnued, "That's 

not unusual at all, Craig. No, that's basically hcx 

education has been going, I guess." Later, he addeci: 



I've always been the sort of person who warts tc hn::,: 
why something happens. But- I've Seen tolc, 'Dor?': -,.:~rr.~. 

m---ch me2r.s z5.i: about that. You'll find out later on. ' -'--' 
you are sitting there, your mind is whizzing arcun? - 7 

thinking, "Why is this happening?" and t h e y  are te--:rz - .- you just tc soak up this information like a spcKqe. I,, 
for me, can't really do that without krobcing w - 1 . .  I 
need :o link it together. 

Asked if he had opportunity to establish these links 1 ~ .  

this course, Thomas answered, "There wasn't nuch ~ i m e ,  

really. " 

The instructor responded at length to qcesti2ns a5z ; t  

the intent of the Math 151 course and what he hoped t?.ax z r s  

students would accomplish. Math 151 is " a ricorous firs: 

year calculus course. The most rigourous of tr,ose tkaz are 

generally given at this level here. Aimed SpecififcaXy c2 - -  _ 

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 r ; ~ c i i n c  

derivatives and so or?." 

In replying to the question as to what he would h ~ s e  r ' - . ~  

, . 
added to the rather bare description given above. Ye sa:~: 

Well, I guess that you always hope that yo: give ~:~.e: : 
bit of an ability to analyze problems and to think 2. 
little bit mathematically. You know, we sometimes sc l . :  
about the mathema~ical level of matcrity. Sometizes X +  

give for a course a prerequisite for another cocrse 
where in the second course none of the material . 7 12 ty:e 

. ,? . .  first course is ever referred to specific~i~y. B c t  ,,,, 



want people in that course whose ability to think, 
analyze problems, would be at that level of caiculcs 
course, if you know what I mean. So hopefully they 
would be able to go out and apply just the thinking 
process . . .  how to analyze a scientific or mathematical 
problem and apply it in another situation. That wo.:ld 
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. F s r  
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 thar 
50%, it's reaching a higher level of mathematical 
maturity. Some of the ideas . . .  they are thinking a b o u ~  
ideas. It is kind of a linear thinking fashlon, taking 
one step after the other. Hope they can apply those 
ideas to totally non-mathematical areas. 



What i s  C a l c u l u s ?  

To some e x t e n t ,  I b r o u g h t  n y  own a g e n d a  t o  t h e  

i n t e r v i e w s .  Two q u e s t i o n s  I a s k e d  b r o u g h t  r e s p o n s e s  t h a t  I 

h a d  n o t  a n t i c i p a t e d .  I a s k e d  e a c h  i n t e r v i e w  p a r t i c i p a ~ t  w h s t  

s h e  o r  h e  t h o u g h t  t h e  c a l c u l u s  was  a b o u t  a n d  I a s k e d  ? h e r  

w h a t  t h e y  p e r c e i v e d  t o  be t h e  r o l e  o f  p r o o f  a n d  r i g o l ~ r  1- 

t h i s  c o u r s e .  

C a t h e r i n e ,  when I a s k e d  h e r  what  s h e   though^ t h e  

c a l c u l u s  was  a b o u t ,  commented o n  t h e  q u e s t i o n  i t s e l f :  

I t ' s  h a r d  f o r  me, b e c a u s e  b a s i c a l l y  it [ ' .he c a l c u l u s ;  i s  
a  g r e a t  b i g  f u n  p u z z l e - s o l v i n g .  L a r g e l y ,  t h a t  w o u l d  be 
why I w o u l d  d o  it i f  I w e r e  t o  c o n t i n u e ,  b e c a u s e  i t ' s  2 

b u n c h  o f  p u z z l e s  t o  be s o l v e d .  

S h e  d i d  i d e n t i f y  a s  a  c e n t r a l  c o n c e p t  " r a t e s  o f  

c h a n g e  . . .  k e e p i n g  t r a c k  o f  t h e  way t h i n g s  a r e  c h a ~ g i n g " .  

C a t h e r i n e  c o u l d  n o t  see a n y  i m m e d i a t e  u s e  f o r  what  s h e  h a d  

l e a r n e d  t h i s  term, a l t h o u g h  s h e  a d m i t t e d ,  " I  d o n ' t  know 15 it  

t u r n s  u p  i n  c o m p u t i n g ;  I d o n ' t  know i f  i t  t u r n s  CF i ~ .  

s t a t i s t i c s ;  I d o n ' t  know. I ' l l  f i n d  o u t . "  C a t h e r i n e  t h o u q ? . ~  

s h e  m i g h t  t a k e  Math 152 ,  n o t  b e c a u s e  s h e  m i g h t  l e a r n  

s o m e t h i n g  t h a t  s h e  c o u l d  u s e  i n  h e r  s t u d i e s ,  b ~ t  b e c a u s e  ske 

h a d  e n j o y e d  t h i s  c o u r s e  a n d  t h o u g h t  s h e  m i g h t  e ~ j o y  the 

s e q u e l .  

Thomas r e s p o n d e d  t o  t h e  " w h a t  i s  c a l c u l u s ? "  q u e s t : o n  

w i t h ,  "1 g u e s s  i t ' s  r e l a t e d  t o  g r a p h i n g  c a p a b i l i t i e s  . . .  how 

t h i n g s  a re  derived f r o m  c e r t a i n  o t h e r  i n f o r m a t i o n  a n d  x h a t  

y o u  c a n  d o  w i t h  t h a t  i n f o r m a t i o n .  Y o u ' v e  p u t  m e  on  a  s p o t . "  



When I a s k e d  him how word p r o b l e m s  f i t  i n t o  h i s  v i e w  o f  

c a l c u l u s ,  Thomas d i d  n o t  h a v e  a  r e a d y  a n s w e r .  "Yeah,  

I . . . [ l o n g  s i l e n c e ] .  I f  I knew how t o  d o  t h e m ,  I know t h e y  

w e r e  t a u g h t . "  

D a v i d  r e s p o n d e d  t o  my q u e s t i o n  w i t h ,  "What do  I t h i n k  

t h e  c a l c u l u s  i s  a b o u t ?  I ' m  n o t  s u r e  wha t  you mean b y  zkat 

q u e s t i o n . "  A f t e r  some p r o m p t i n g ,  h e  e l a b o r a t e d :  

I s o r t  o f  f e e l  l i k e  t h e r e  i s  a  h u g e  g a p  i n  my k n o w l e d g e .  
L i k e  I know t h a t  I ' v e  o n l y  t a k e n  h a l f  o f  t h e  l o w e s t  
l e v e l .  And s o  I c a n ' t  c l a i m  t o  h a v e  a n y  a p p r e c i a t i o n  
f o r  a n y  o f  t h e  res t  t h a t  i s  y e t  t o  come. B u t ,  i f  I h a 5  
t o  t r y  t o  e x p l a i n  w h a t  I w a s  d o i n g  f o r  < ) , s t  t h e  f l r s t  
p a r t .  . . it ' s a  means  o f  d e t e r m i n i n g  a n y t h i n g  t h a r  i s  iz 2 

s t a t e  o f  c h a n g e  o r  f l u c t u a t i o n  a t  a  p a r t i c ~ l a r  l n s t a n r .  
I d o n ' t  know, I feel  l i k e  I ' v e  b e e n  h a n d e d  a n  i n c r e d i h  l y  
p o w e r f u l  t o o l ,  b u t  n o t  t h e  i n s t r u c t i o n s  o n  how t o  
o p e r a t e  i t .  I t  s l i c e s ,  it d i c e s ,  i t  m i x e s ,  w h a t e v e r .  

T a l k i n g  f u r t h e r  a b o u t  h i s  f r u s t r a t i o n  w i t h  t h e  i m a g e  p.e 

had b e e n  l e f t  w i t h  i n  t h i s  c o u r s e  a n d  wha t  h e  h o p e d  would  

h a p p e n  i n  Math  1 5 2 ,  D a v i d  s a i d :  

When I was t a l k i n g  t o  [ t h e  i n s t r u c t o r ]  r i g h t  b e f o r e  t h e  
f i n a l  s t a r t e d ,  h e  s a i d  t h a t  I w o u l d  d e f i n i t e l y  h a v e  a 
d i f f e r e n t  o u t l o o k  on t h i n g s  h a l f w a y  t h r o u g h  t h e  s e c o n d  
t e r m  when t h e y  s t a r t e d  t o  t i e  t h e  t w o  t o g e t h e r .  I ' m  
l o o k i n g  f o r w a r d  t o  t h a t .  I ' m  a  l i t t l e  f u s t r a t e d  no% i n  
t h e  s e n s e  t h a t ,  "Okay, I ' v e  g o t  a l l  t h i s  t h a t  1 c a n  d c  
now. ~ i v e  m e  m o r e . "  I ' d  l i k e  more t i m e  t o  t w i s t  :t a n 5  
see w h a t  I c o u l d  d o  w i t h  i t ,  b u t  a l s o ,  " D o n ' t  s t o p  now. 
I ' v e  o n l y  g o t  h a l f  o f  wha t  I n e e d . "  

When I a s k e d  C h a r l e s ,  who h a d  s t u d i e d  c a l c u l u s  a  n ~ m b e r  

o f  y e a r s  a g o ,  w h e t h e r  h i s  c o n c e p t  o f  wha t  t h e  c a l c u l , ~ s  was 

a b o u t  h a d  c h a n g e d  a f t e r  t a k i n g  Math 151,  h e  r e p l i e d ,  " W e l l ,  

n o t  r e a l l y .  I h a d  a  p r e t t y  g o o d  f ee l  f o r  w h a t  t h e  c a l c u l x s  



should be able to do." Earlier in the interview, Charles ?.ad 

described the importance of the subject. 

I really think that calculus is the basls for most cf 
mathematics and lt is used in virtually every other 
related science and in a lot of non-sclence cocrses 17 
some way or other. It's a basls for a lor cf zk:-qs. 

Towards the end of the interview, we spoke with each other 

about Math 152. After I extolled the beauty and underlyin~ 

genius of the Funadamental Theorem, Charles added: 

But from an application point of view, the inteqration 
has at least as much application as differentiation, f ~ r  
practical applications. So it's interesting from t h a t  
point of view, too. 



What Role does Proof and Rigour Plav in this Cocrse? 

Susan had little to say akout the role prcof played 1- 

commented, "Like proofs, I obviocsly find difficult. 

Epsilon-delta proof. Just trying to put it in abstracz 

numbers. . . I just don ' t know. " 

David had considerably more to say abouz the rcle cf 

proof and rigour in this course. When I asked him if ?.sd 

expected more of the test and examination items to deal 

directly with proof, he responded: 

Yes, I was actually very surprised. I had anticipated a 
lot more with respect to the rigour, as you refer t3 5 : .  
I find a lot of math professors tend to a "if ycx can 3: 
a proof you can do anything" kind of thing. A23 rha,'o 
true if you have a full appreciation of exactly xhar 
that proof represents. But in many cases I fi36 peoFle 
memorize it and it could be hieroglyphics as far as = h e y  
are concerned. They've memorized exactly what to 50 E n d  
put it down. I think it would have been a good ice2 
maybe to have one or two of the simpler ones in there. 
Not just for the purpcse of giving us more exposure t- 
them, because if we go any distance in math, we z r e  
going to have to become very familiar wi:h tha-. A n d  we 
got ].itera:ly almost no exposure to it whatsoever." 

About his own abilities to do proofs by the end ef tk.e 

course, David commented: 

Well, I can sit and look at all kinds of proof a n 6  gc 
nod, nod, nod. But will I be able to duplicate :z 2 ~ .  ry 
own? DO I understand it thoroughly enough to be able :c 
duplicate ir? One or two of the very simplest ones, ;sw 
that the cocrse is complete, I might be able tc s~uasle 
my way through. But some of the more complex ones, 7:. 
I would have to spend a lot more time. If I E r c l h -  
understand the proof, then they are right that I dc 
understand the concept very thoroughly. But I tk.lnk, cy 
the nature of the course, it is too easy just to 



memorize something without really appreciating what it 
represents. 

When asked if the proofs the instructor offered durinq 

lectures helped his understanding of the material, Davic5 

replied: 

Again, it varied from topic to topic. Some of the 
proofs that were used, in many cases, struck me that the 
reasoning was very intuitive. And I thought that i, 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 us;ng. 

Later, talking about the need to accurately state theorercs 

and definitions in this course, David said: 

In particular, when we were learning the concept of 
Rolle's Theorem and the Mean Value Theorem, he started 
to explain the concepts at the beginning. I went, "oh 
yes, that's very intuitive. That's great." And I 1 p ,  just 
breezing along until I caught myself making a couple - 5  
errors. And I went back and, Ah! ,one of the 
prerequisites wasn't met. And 1 had been going down the 
wrong alley, all for naught. When, if 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 :hat T 
remember looking at that. Both his explanation and :he 
one in the text were difficult, I found, to apply to 6 
problem and decide how to present it in a way that 'he 
problem requested. I finally figured it out. I was 
pleased with myself. But when it came to the exam, I 
couldn ' t do it. 



With respect to stating theorems and defi~itiozs, 

Charles said: 

Personally, I have a proble~~ with quoting definitions. . , I guess maybe I'm lazy when it comes to rnemorrzrny. : 
don't like memorizing definitions and that was what icas 
required, to some extent. Either that or yau had r: 
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 quote the definition 
exactly as he stated it in class. But yoc had to shou 2 
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 hzve to have some iaes cf 
what the concept is. At least, I think most of us dz. 
To be able to sit down and do a proof, ycu have ts 
remember the general approach. 

Catherine had taken a course in formal loqic and was 

intending to take another. Despite this background, whe: I 

asked her how she felt about proofs in this cocrse, she 

replied: 

Well, I don't quite understand what the differerce 
between doing a proof and doing a question is. I rean, 
isn't a proof just a complicated question? like sno- 
this..or derive it. 

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 justify them. Aqain, 
proving in logic courses, I never know wier. I've dc-e 
enough. 

Thomas made the following comments about the ro?e si 

proof in this course: 

I guess it's like spelling in English. It is the 
formalised part of the learning process. I'm gcessin~ 
I really don't know. But a lot of people really don1. 



u n d e r s t a n d  a n y t h i n g  u n t i l  i t ' s  b e e n  p r o v e d  t o  t h e m ,  zr 
t h e y  r e f u s e  t o  b e l i e v e  i t .  

I n  p a r t i c u l a r ,  t h e  p r o o f s  o f f e r e d  i n  l e c t u r e  n a d e  Thomizs  

" b e l i e v e  it was  t r u e " .  However ,  w i t h  r e s p e c t  t o  p r o z f s  i n  

t h e  t e x t b o o k ,  h e  s a i d ,  "No, I w o u l d n ' t  s a y  i t  was  = h e  f i r s t  

- ,  

t h i n g  I a t t a c k e d  when I o p e n e d  t h e  b o o k .  I t  was the r l r s t  

t h i n g  I t e n d e d  t o  s t ee r  c l e a r  o f .  I s k i p p e d  b a s i c a l l y . "  

When I commenEed t h a t  h e  m i g h t  h a v e  a c c e p t e d  t h e  t h e o r e x s  

w i t h o u t  p r o o f ,  h e  r e p l i e d ,  " B a s i c a l l y ,  I'm no': i n  a  pasiticn 

to s a y  o t h e r w i s e . "  Wi th  r e s p e c t  t o  s t u d e n t s  n o t  d e ~ . a n d i n g  

p r o o f s  f o r  e v e r y  t h e o r e m  i n  l e c t u r e ,  Thomas c b s e r v e d ,  " I  

g u e s s  w e  a r e  a l l  l i k e  s h e e p ,  a r e n ' t  we? Beir .g  l e d . "  



L e c t u r e s  a n d  T e x t b o o k s  

There w e r e  three ways t h a t  t h e  c o u r s e  m a t e r i a l  was 

t r a n s m i t t e d  t o  t h e  s t u d e n t s  : t h r o u g h  t h e  l e c t u r e s ,  t k r - ~ c k  

t h e  t e x t b o o k  a n d ,  i n  some i n s t a n c e s ,  t h r o u g h  a u d i a  t a p e s  zf 

t h e  l e c t u r e s .  

C a t h e r i n e  f o u n d  t h a t  n o t e  t a k i n g  d u r i n g  l e c t u r e s  2: 

e f f e c t i v e  u s e  o f  h e r  t i m e .  W i t h  r e s p e c t  t o  t h i s  c o u r s e ,  she 

commented :  

T h a t ' s  o n e  o f  t h e  t h i n g s  I m e a n t  a b o u t  t h e  s t r u c t u r e  cf 
m a t h  a n d  s c i e n c e  c o u r s e s .  They p l a n  t h e  n o t e s  s o  tha: 
t h e y  c a n  be c o p i e d  a n d  u n d e r s t o o d .  Not l i k e  h a v i n q  t c  

- ,  . t a k e  f r e e - f o r m  n o t e s  d u r i n g  a  l e c t u r e .  Yes ,  I 5c ;;nc 
t h a t  b e c a u s e  o f  t h a t  you see s o m e t h i n g  a n d  t h e r  y c x  
remember. You see y o u r  n o t e s ;  you see e x a c t l y  wha t  was 
o n  t h e  o v e r h e a d  i n  f r o n t  o f  y o u ,  remember w h a t  c h e  
i n s t r u c t o r  s a i d ,  maybe j u s t  a n  i n t o n a t i o n  i n  h i s  v c i z e  
w h i c h  g i v e s  you a  c l u e .  A l s o ,  I p e r s o n a l l y  t r y  to 
e l a b o r a t e  n o t e s ,  e v e n  w h a t  I ' m  t h i n k i n g  a b o u t .  

t h e  a s s i g n e d  p r o b l e m s .  " A c t u a l l y ,  I ' d  p r o b a b l y  a t t a c k  t h e  

g r a b b e d .  Go b a c k ,  r e v i e w  t h e  l e c t u r e  n o t e s . "  C a t h e r i - e  di5 

n o t  u s e  t a p e s  o f  t h e  l e c t u r e s  b e c a u s e  s h e  was  f r u s ~ r a t e d  

t h e  l i n e a r  n a t u r e  o f  a c c e s s i n g  i n f o r m a t i o n .  



When a s k e d  a b o u t  haw s h e  u s e d  t h e  t e x t b c c k ,  C a ~ ? e r ; r i e  

s a i d :  

O r i g i n a l l y  I d i d n ' t .  I r e a d  t h r o u g h  t h e i r  r e v l e w   an^ 
p r e v i e w  a b o u t  w h a t  e x a c t l y  f u n c t i o n s  a r e .  T h a t  
g r a d u a l l y  came b a c k  t o  m e .  I f o u n d  t h e  t e x t b o o k  2 b:z 
d i f f i c u l t  t o  r e a d  s o m e t i m e s .  B u t  a s  t h e  ccLrse iGer.5 3r, 
I s t a r t e d  g o i n g  t h o u g h  t h e  t e x t b o o k  m o r e  a n d  m o r e .  Wher 
s t u d y i n g  f o r  t h e  exams ,  b e c a u s e  you d o n ' t  h a v e  a c c e s s  
t h e  l e c t u r e s  a n d  s t g f f ,  I w o u l d  g o  t h r o u g h  whar  r,he 
t e x t b o o k  w o u l d  s a y  a n d  s o m e t i m e s  it was  e a s i e r .  

C a t h e r i n e  d e s c r i b e d  how s h e  r e a d  t h e  t e x t .  

I u s u a l l y  w o u l d n ' t  d o  t h e  e x a m p l e s .  I w o u l d  j u s t  see 
how t h e y  d i d  i t .  A g a i n ,  t h e  way t h e  t e x t b o o k  i s  l a i d  
o u t ,  I d o n ' t  know how f a s t  some p e o p l e  r e a d ,  b s t  I  ski^ 
v e r y  q u i c k l y .  I g e t  i t ,  b u t  I s k i m ,  a n ?  b y  t h e  t1rr.e I 
f i n i s h  r e a d i n g  t h e  q u e s t i o n  t h e y ' v e  a s s i g r e d  m e  I ' v e  
s e e n  h a l f  t h e  a n s w e r  t h e y ' v e  w o r k e d  o u t ,  w h i c h  I 
n a t u r a l l y  f i n d  q u i t e  a n n o y i n g .  I w i s h  t h e y  woc lB  
them a l l  a t  t h e  e n d  o f  t h e  s e c t i o n  o r  s o m e t h i n g .  

t h e  l e c t u r e s .  S h e  m e n t i o n e d  h e r  r e a s o n s  f o r  d c i ~ g  t h i s .  

I a l s o  seem t o  b e  t h e  s o r t  o f  p e r s o n  who p i c k s  up  v e r y  
l i t t l e  i n  c l a s s .  I o n l y  r e a l l y  l e a r n  when I g e t  k o n e  
a n d  I r e a d  t h e  n o t e s  a n d  t e x t b o o k  a n d  I s t z r t  w o r k l ~ g  2 ~ .  

t h i n g s  a n d  asking q u e s t i o n s  a n d  t h i n k i n g  a b o u t  t h : n g s .  
Yet I n o t l c e ,  o v e r  a n d  o v e r  a g a i n ,  how l l t t l e  I p - z k  E a  

f r o m  l e c t u r e s .  

I s t a r t e d  d o i n g  t h i s  i n  p h i l o s o p h y  a n d  I n o t i c e d  how - .  
much more  I w o u l d  p i c k  u p  a t  home w h i l e  I was  - : s t e r i - 2  
t o  t h e  t a p e s .  I was a p p a l l e d  a t  how much 2 w o u l d  m i s s  
i n  t h e  c l a s s r o o m .  

E l i z a b e t h  made h e r  own t a p e s  a n d  d i d  n o t  a v a i l  h e r s e - 5  :f 

t h e  o n e s  made b y  t h e  u n i v e r s i t y ,  b e c a u s e ,  a s  s h e  s a i d ,  " I ' v ~  

a l w a y s  f o u n d  it  more  c o m f o r t a b l e  t o  s t u d y  a t  hcne. A L ~ C ,  I 



f o u n d  t h a t  t h e  u n i v e r s i t y  h o u r s ,  e s p e c i a l l y  cob-ntown,  a r e  

v e r y  l i m i t e d . "  

E l i z a b e t h  a l s o  made e x t e n s i v e  u s e  o f  t h e  ~ e v t b o o k .  S5e 

s a i d ,  "I would  r e a d  t h e  t e x t b o o k  v e r y  c a r e f u l l y  a n d  

t h o r o u g h l y .  I w o u l d  t h i n k  a b o u t  e v e r y  word t h e y  s a i d .  I 

t e x t  made s e n s e  t o  h e r ,  s h e  r e p l i e d :  

Yes. I w o u l d n ' t  r e a d  on u n t i l  it made s e n s e  t o  r , e .  
S o m e t i m e s  t h a t  m e a n t  l o o k i n g  b a c k  a n d  r e v l e w l n q .  Or, I 
w o u l d  t r y  t o  f o i l o w  e v e r y  e x a m p l e  t h e y  g a v e  m e  cnz:l  I 
t h o r o u g h l y  u n d e r s t o o d  i t .  A f e w  t imes,  wheE I c c ~ 1 3 - ! :  
g e t  i t  on my own, I ' d  mark t h e  e x a m p l e  >nc z a k e  :c zz 
t h e  l e a r n l n g  c e n t r e .  

S u s a n  t h o u g h t  t h e  l e c t u r e s  w e r e  v e r y  u s e f c l .  S h e  

commented :  

T h e r e  was a  r e a l l y  g o o d  a p p r o a c h  t o  e x p l a i n i n g  .&ha: +;as 
h a p p e n i n g .  I f o u n d  i t  r e a l l y  e x c e l l e n t .  N o z h i n g  w r o r c  
w i t h  t h a t .  But  i t  would  h a v e  b e e n  r e a l l y  n i c e  i f ,  l e t ' s  
s a y  f o r  e x a m p l e ,  you g o t  o n e  o f  t h o s e  h a r d e r  q c e s r i z n s  
o n  y o u r  a s s i g n m e n t ,  a n d  you h a d ,  maybe n o t  a l e c t ~ r e  C S ~  
s o m e t h i n g  l i k e  t h a t  b e f o r e h a n d .  

H e r  t h o u g h t s  on t h e  t e x t b o o k  w e r e  l ess  p o s : t i v e .  

And t h e n  t h e r e  Kas  t h e  b o o k .  I t r i e d  t o  de   he e:;axc:?s 
i n  t h e  book  a n d  t h e r e  was a t  l e a s t  s o m e t h i q  t o  s h o x  h-w 
t o  g e t  t o  t h e  n e x t  s t e p .  Bu t  I f o u n d ,  q u i t e  z f t e n ,  t?.;t 
y o u  were j ~ s t  l e f t  on y o u r  own. 

W i t h  r e s p e c t  t o  t h e  p r o b l e m s  i n  t h e  t e x t ,  S u s a n  cornmeT;:e5, 

" I  f o u n d  it v e r y  f r u s t r a t i n g  t h a t  i n  t h e  b a c k  cf t h e  back, 

s p o k e  who u s e d  t h e  s o l u t i o n s  t o  t h e  a s s i g n e d  p r o b l e m s  = h a t  



been of more use to her as examples for workinq t h r c c q h  

similar problems. 

Charles was also complimentary about the qualizy .,- -r - - Q  

lectures. He said: 

The lectures were fine, I thought. One cf the better 
classes I've taken in terms of the quality of t5e 
presentation, the clarity and the orderly fashicn iz 
which it was presented. Because even math, which s ? ~ ~ l d  
be logical and orderly, could be presented in q ~ i t e  2 

shambled rr,anner. 

Charles missed a number of classes, but found a stcde~t 

of those things take time and time was the biggesc prcblev :n 

the course." 

straightforward. He spelled everything out very clear;,." 

David's use of the textbook changed throughout the terr,. 

nyself. 



D a v i d  d e s c r i b e d  h i s  r e a d i n g  p a t t e r n .  

t h i n k  t h a t  p r e t t y  much J would  s t a r t  zt t h e  b e g l z r , i r -  
t h e  s e c t i o n  a n d  i f  t h e r e  was a n y t h i n g  t h a c  I f r2ur j=  

r t i c u l a r l y  e a s y ,  I would  s k i m  o v e r  i t ,  l o o k i p g  fcr -7, 
h i g h l i g h t s ,  o r  a n y t h i n g  o u t  o f  t h e  o r d i n a r y .  The 
d e f i n i t i o n s ,  b e c a u s e  [ t h e  i n s t r u c t o r ]  p u t  s o  much 
e m p h a s i s  on t h e m ,  I p a i d  a  l o t  more  a t t e n t i o n  t e  :he- 
t h a n  I m i g h t  o r d i n a r i l y  h a v e .  

D a v i d  a p p r a i s e d  t h e  t e x t b o o k  s a y i n g :  

The t e x t b o o k ,  c o m p a r e d  t o  o t h e r s  I h a v e  s e e n ,  I ~ h c c g - r  
was a c t u a l l y  p r e t t y  g o o d .  I ' v e  b e e n  p a s s e d  d3w2 a 
c o u p l e  o f  t e x t b o o k s  f rom my p a r e n t s  a n d  t h e i r  t i m e .  I 
l o o k  a t  t h e s e  t h i n g s  a n d  t h i n k ,  "Good g r i e f .  I r ' s  2 
wonder  t h a t  you g o t  t h r o u g h . "  S3 I am a p p r e c i a - , l T 7 e  cf 
t h e  f a c t  t h a t  t h e  t e x t b o o k  i s  much more  s t r a ighzfor j . : a :=  
t h a n  many.  

. . h e  w i s h e d  h e  h a d  t a p e d  t h e  l e c t u r e s .  When I  a s k e d  if ihe 

u s e d  t h e  u n i v e r s i t y  t a p e s ,  he s a i d  h e  h a d n ' t ,  b u t  c ~ u l 6 r ~ ~  

remember  e x a c t l y  why n o t .  

Thomas f e l t  t h a t  h e  h a d  t o  l e a r n  how t o  r e a d  t h e  

t h i s ,  h e  r e p l i e d :  

Well, i t  was b a s i c a l l y  a l l  t h e  s y m b o l i s a t i o n  o f  i t  2 ; : .  

A l s o  t h e  way some o f  it i s  w o r d e d .  I t ' s  S a s i c s l l y  j .2~:  
a  d i f f e r e n t  l a n g u a g e .  I c a n  i m a g i n e  how some p e , 2 p l e  -;hc 
d o n ' t  s p e a k  E n g l i s h  a s  a f i r s t  l a n g u a g e  . . .  

When a s k e d  how h e  l e a r n e d  t o  r e a d  t h e  t e x t b o o k ,  Thomas 

it a n d  t r i e d  t o  u n d e r s t a n d  what  t h e y  w e r e  t r y i n g  t z  s a y . "  



b e g i n n i n g ,  b u t  more  o f t e n  h e  w o u l d  " t e n d  t o  go t o  '_he  c r o h l e x  

s e t s  a n d  t h e n  g o  b a c k " .  

- - 1 a s k e d  t h e  i n s t r u c t o r  about h i s  l e c t u r e s  and hs z r z e r o d  

s e v e r a l  o b s e r v a t i o n s .  H e  r e p l i e d :  

What I t r y  t o  d o ,  u n l e s s  I ' m  designing a  c o u - s e ,  IS K C  
t a k e  t h e  c o u r s e  o u t l i n e  a s  g i v e n  t o  m e  a n d  t r y  sp5 
p r e s e n t  i t  i n  t h e  best  way I c a n .  T r y i n g  t 3  g e t  z k e  
n o t a t i o n  o f  t h e  b o o k .  I f  my n o t a t i o n  1s a  I l t c l e  
d i f f e r e n t  f r o m  t h e  b o o k ,  I ' l l  t r y  t o  a d a ? t  ES zne 
n o t a t i o n  o f  t h e  book w h i c h  d o e s  v a r y  a l l t c l e  cr;. 

The i n s t r u c t o r  w o u l d  r e a d  h i s  p r e p a r e d  n o t e s  a s  h e  ~ 3 p i e e  

t h e m  o n t o  t h e  o v e r h e a d .  When I r e m a r k e d  t h a t  c n e  sz25pr .y  ;-as 

q u i t e  p l e a s e d  w i t h  t h i s ,  b e c a u s e  i t  s l o w e d  t h e  i n f o r n a z i o r  

d e l i v e r y  r a t e  t o  a  p o i n t  w h e r e  h e  c o u l d  c o p y  m o s t  sf t h e  

n o t e s ,  t h e  i n s t r u c t o r  was somewhat  s u r p r i s e d .  H e  r e p l i e d ,  

f e e d b a c k  f r o m  l o n g  a g o . "  The i n s t r u c t o r  d e s c r i b e d  >-ec 

a n o t h e r  c h a r a c t e r i s t i c  o f  h i s  l e c t u r e  s t y l e ,  " ? y y p i c a l l y ,  :.r 

t h a t  k i n d  o f  c o u r s e ,  1 5 1 ,  t h e  q u i c k  q u e s t i o n  a n d   he v e r y  

s m a l l  p a u s e  a n d  t h e n  my a n s w e r  t o  i t .  I n  t h a t  c o u r s e ,  t h a r f s  

t y p i c a l .  " 

When t h e  s t u d e n t s  were a s k e d  t o  d e s c r i b e  r h e  qKal:~y :f 

t h e  i n s t r u c t i o n  i n  t h i s  c o u r s e ,   hey were u n i v e r s a l l y  

p o s i t i v e .  

C a t h e r i n e  s p o k e  o f  t h e  l e c t u r e s ,  " R e l a t i v e  t o  a t  l e a s t  

b e t t e r .  ~~t t h e  l a y o u t  o f  t h e  l e c t u r e s  a n d  t h e  c o v e r a G e  cf 



the materia; was very clear." When I mentioned the 

instructor's occasions? digression about aspecrs of 

mathematics, Catherine said, that although ir didn't a5& tc 

her understanding of the subjec~, "It doesn'z 5oEher Te, ;rls 

an important thing." 

Elizabeth praised the lectures. 

I found that the ~nstructor's style was 3:.e of rL?e bes, 
I have come across. I picked up more In h:s ;ecr;res 
than most ethers I'd been in. He was one cf :he Dest, 
if not the best, lecrurer I'd had. That was a C;B ?-el?. 
That was wny I continued golng right to Yne enc. 

said, "I liked it act~ally, because I 'm not acccstomed ~2 

instructors being enthusiastic about anything. : like5 -.+- - A ? c  - -  - . 

I'd not encountered it before." 

Both Charles and Thomas concurred with David's 2p3-p:~:. 

Charles commented: 

I find that sort of thing interesting. It's i?zeresting 
+ h i ? X  it to hear that sort of observation or comment. A ,--*A- 

was a nice break. I think it's good for someone -s s h - ~  
his interest in the subject, and to some exten~, _ha: 
the person who is teaching it is excited by and enjlys 
their subject. That carries through to rhe class. There 
is a limit to it. It's hard to know the balance. B ~ Z  k;e 
didn't do a lot of it. He did just enough of iz scrt 
of let you know thar there were other things besides . ~ l e  . 
pure mechanical calculations of differentLatin? 2x2 x - ~ r  
sort of thing. 

Thomas said, "I felt they were great. I really e n ~ ~ y e d  

out. " 



The T u t o r i a l  S e s s i o n s  

Q u e s t i o n s  a b o u t  t h e  t u t o r i 3 1  s e s s i o n s  a n d  t h e i r  

e f f e c t i v e n e s s  p r o v o k e d  q u i t e  a b i t  o f  r e s p o n s e  i n  t h e  

i n t e r v i e w s  

T h e  i n s t r u c t o r ,  when a s k e d  if t h e r e  w a s  a n y  a s p e c t  o f  

t h e  s t r u c t u r e  o f  t h e  c o u r s e  t h a t  w o u l d  b e n e f i t  t h e  s t u d e n t s ,  

a n s w e r e d :  

The  o n e  t h i n g  I h o p e  wou ld  h e l p  t h e m  w o u l d  be t h e  e x z r a  
h o u r  t h a t  t h e y  h a v e  a t  t h e  t u t o r i a l ,  w h e r e  t h e y  w e r e  
ab le  t o  g o  i n  a n d  a s k  q u e s t i o ~ s .  You may r e a l i z e  t h a t  
t h e r e  i s  s o  much i n  t h e  c o u r s e  h e r e  t h a t  it i s  d i f f i c u l :  
t o  s t o p  a n d  a n d  s p e n d  t e n  m i n u t e s  a n s w e r i n g  a  q u e s t i o n .  
~ t ' s  j u s t  t o o  t i m e  c o n s u m i n g .  S o  i n  t h a t  r e s p e c t ,  i n  
c l ass  t h e r e  r e a l l y  i s n ' t  much i n  way o f  f e e d b a c k .  Y3u 
h a v e  1-0 g e t  it o u t s i d e  o f  c l a s s .  One o f  t h e  p l a c e s  
w o u l d  b e  t h e  t u t o r i a l .  I w o u l d  h o p e  t h e y  w o u l d  g e t  some 
t h e r e .  

The  i n s t r u c t o r  d e s c r i b e d  t h e  f o r m a l  r e l a t i o n s h i p  b e t x e e n  

h i m s e l f  a n d  t h e  t e a c h i n g  a s s i s t a n t .  The  T A ' s  a r e  u n i o n i z e d  

c a n  a s k  h i s  t e a c h i n g  a s s i s t a n t  t o  w o r k .  He c a n ,  t o  some 

w a s  r e s p o n s i b l e  f o r  m a r k i n g  t h e  a s s i g n m e n t s ,  p r e p a r i n g  

s o l u t i o n  k e y s  ( c u t  a n d  p a s t e  f r o m  a s o l u t i o n s  m a n u a l )  f o r  = h e  

l i b r a r y ,  m a r k i n g  t h e  m i d t e r m s  a n d  e x a m i n a t i o n s  ( u s i n g  m a r k i n c  

k e y s  p r o v i d e d  b y  t h e  i n s t r u c t o r )  a n d ,  o f  c o u r s e ,  f o r  t h e  

t u t o r i a l  s e s s i o n s .  



When a s k e d  t o  c o m p a r e  t h e  t u t o r i a l  s e s s i o n  s e t u p  w i t h  

t h e  Math  L a b s  c o n d u c t e d  a t  t h e  R u r n a b y  c a m p u s ,  t h e  i n s t r u c t o r  

a l l o w e d  t h a t :  

I t h i n k  t h e r e  i s  a p r e f e r e n c e ,  t h e  s t u d e n t s  t h a t  h a v e  
m e n t i o n e d  i t  t o  me, f o r  t h e  l a b  u p  h e r e  [ 3 u r n a b y  
c a m p u s ] .  And I t h i n k  i t ' s  a m a t t e r  o f  t i m e .  B e c a u s e  
t h o s e  l abs  a re  u s e d  s o  h e a v i l y ,  t h e r e  i s  s o  much dema-d 
t h a t  t h e y  a r e  o p e n  a l m o s t  a l l  o f  t h e  t i m e .  Down t h e r e  
[ H a r b o u r  C e n t r e  c a m p u s ] ,  a n d  I c a n  s y m p a t h i z e  w i t h  c h a t ,  
t h e r e  i s  o n e  h o u r  a week .  And if y o u ' r e  n o t  q u i t e  
p r e p a r e d  t o  a s k  a  q u e s t i o n ,  y o u ' r e  o u t  o f  l c c k !  

C a t h e r i n e  a t t e n d e d  t h e  s e c o n d  t u t o r i a l  s e s s i o n  w h i c h  G.J ,Z~ 

a t t e n d e d  b y  a t  m o s t  t h r e e  o t h e r  s t u d e n t s .  F o r  h e r  t h e  

t u t o r i a l  s e s s i o n s  w e r e  a p o s i t i v e  e x p e r i e n c e .  S h e  commented :  

A l l  t h e  c o u r s e s  I t o o k  a t  t h e  U n i v e r s i t y  o f  S a s k a t c h e w a -  
h a d  n o  t u t o r i a l s .  S o  t h i s  l a s t  t e r m ,  it was l i k e  2 

b o n u s  w e  w e r e  g e t t i n g .  I f o u n d  t h e m  q u i t e  h e l p f u l . .  The 
p r o b l e m s  I h a d  w i t h  i t  s o m e t i m e s  w e r e  m i n e .  I h a d n ' :  
d o n e  t h e  r e a d i n g  o r  c a u g h t  u p .  I d i d n ' t  know w h a ~  h e  was 
t a l k i n g  a b o u t .  A l t h o u g h ,  b e c a u s e  h e  [ t h e  TA] w a s  d e a l i n ?  
w i t h  p e o p l e  who h a d  d o n e  t h e  p r o b l e m s  o v e r  t h e  weekend  
a n d  e n c o u n t e r e d  d i f f i c u l t i e s ,  h e  w a s  a b l e  t o  a d d r e s s  
t h e m  b e f o r e  I g o t  to t h e m .  

I a s k e d  C a t h e r i n e  i f  s h e  h a d  a t t e n d e d  t h e  Math Lab  a t  a n y  

p o i n t  d u r i n g  t h e  t e r m .  S h e  r e p l i e d ,  "I d i d  o n c e ,  e v e n  thoua? ,  

w e  w e r e n ' t  s u p p o s e d  t o ,  b e c a u s e  t h e r e  w a s  a  p r o b l e R  a n d  I 

c o u l d n ' t  f o r  t h e  l i f e  o f  me come u p  w i t h  a n  a n s w e r  t o  i t . "  

g r e a t  i d e a  t h a t  t h i s  t h i n g  e x i s t s .  They  w e r e  f r i e n d l y  a n d  

h e l p f u l .  " 

S u s a n ,  e x c e p t  f o r  o n e  week when s h e  a t t e n d e d  b o t h  

t h e  f i r s t  c o u r s e  s h e  h a d  t a k e n  w h i c h  o f f e r e d  a  t u t o r i a l .  



S u s a n  a s k e d  q u e s t i o n s  a n d  f o u n d  t h a t  "when o t h e r  p e o p l e  a s k e d  

q u e s t i o n s  i t  would  h e l p " .  But  somehow t h e  t u t o r i a l s  d i d  n o t  

c l a r i f y  t h e  m a t e r i a l  a s  much a s  s h e  e x p e c t e d .  She  c o m m e z t e j :  

I know h e  [ t h e  T A ]  u n d e r s t a n d s  what  h e  i s  d o i n g  ant 
e v e r y t h i n g  i s  p e r f e c t  t h e r e  i n  t h e  t u t o r i a l .  And ~ e i l ,  
h e  s a y s  you j u s t  c a n ' t  d o  t h a t .  I t  w o u l d  h a v e  h e l p e d  15 
I h a d  known t h a t  b e f o r e  I h a d  done  t h e  a s s i g n m e n t .  A 
l o t  o f  t h i n g s  s u c h  a s  "where  d i d  you come u p  w i t h   hat 
o n e " .  . . . I f o u n d  i n  t u t o r i a l  t h a t  it f e l t  a s  i f  I x a s  
on  a  t o t a l l y  d i f f e r e n t  t a n g e n t  q u i t e  o f t e n  . . .  . E v e r y o n e  
h a s  t h e i r  own m e t h o d .  But  s o m e t i m e s  it r e a l l y  i r r i t a t e s  
m e  when p e o p l e  d o  t h i n g s  i n  way o t h e r  t h a n  I ' v e  e v e r  
s e e n  it b e f o r e .  1 f o u n d  t h e r e  were some s c l u t i o n s  where  
I w o u l d  go ,  "why would you d o  t h a t ? "  

D a v i d  was o n e  s t u d e n t  who r e g u l a r l y  a t t e n d e d  b o t h  

t u t o r i a l  s e s s i o n s  a n d  made u s e  o f  t h e  Math Lab on  cwo 

o c c a s i o n s .  A s  s u c h  h e  h a d  t h e  w i d e s t  p e r s p e c t i v e  o f  t h e s e  I 

i n t e r v i e w e d .   bout t h e  Math Lab, Dav id  o f f e r e d ,  " I  

e n c o u n t e r e d  a  c o u p l e  o f  TA's  up  t h e r e  t h a t  s t r u c k  n e  a s  v e r y  

g o o d . "  Wi th  r e s p e c t  t o  t h e  t u t o r i a l  s e s s i o n s ,  h e  a d d e d :  

The p r o b l e m  w i t h  t h e  t u t o r i a l ,  i n  t h e  f i r s t  s e c t i o n ,  it 
w a s  a l m o s t  l i k e  h a v i n g  a s e c o n d  l e c t u r e ,  d o i n g  e x a m p l e s .  
Which h e l p e d .  But  a n y  l e a r n i n g  I g o t  o u t  o f  t h e  
t u t o r i a l s ,  f o r  t h e  most  p a r t  came o u t  o f  t h e  s e c o n d  o n e ,  
where  you c o u l d  a s k  a  s p e c i f i c  q u e s t i o n ,  o r  a s k  a  
q u e s t i o n  on a  p a r t i c u l a r  c o n c e p t ,  as  o p p o s e d  t o  j u s t  
d o i n g  e x a m p l e s .  

C o n c e r n i n g  t h e  TA, Dav id  o f f e r e d  t h e  o p i n i o n  

I f e l t  t h a t  [ t h e  TA] was r e a l l y  l o s t  a t  t h e  beqlnn:ng.  
~ u t  I d o n ' t  t h i n k  h e  was a c c u s t o m e d  t o  b e l n g  a  T A .  ~ u t  
~ ' m  q u i t e  s u r e  h e  n e v e r  h a d  t o  i n s t r u c t  a  c l a s s  t n t :  
much l o w e r  i n  math  t h a n  h e  w a s .  And I t h i n k  ~t t o o k  h l r  
a  w h i l e  t o  a d j u s t  t o  t h e  f a c t  t h a t  h e  h a d  t o  g o  r i g h t  
S a c k  t o  t h e  v e r y  b a s i c s .  H i s  e x p r e s s i o n  " J u s t  A l g e b r a " ,  
you know 



Thomas a l s o  a t t e n d e d  t h e  s e c o n d  s e s s i o n .  He d i d  no: u s e  

t h e  Math L a b .  H i s  P h y s i c s  c o u r s e  t h a t  t e r m  h a d  h a d  a n  o z e c  

l a b ,  b u t  h e  f e l t  t h a t  h e  s p e n t  much o f  h i s  t i m e  ~ z i t i n g  for 6 

t u t o r  t o  become a v a i l a b l e .  About t h e  math t u t o r i a ; ~ ,  T h c a a s  

few more  t u t o r i a l s .  I l e a r n e d  a  good d e a l  t h e r e .  I'm n a c  s o  

s u r e  o t h e r  p e o p l e  d i d .  But  t h e y  h a v e  t o  l e a r n  how t o  x s e  the 

guy t o o . "  When I n o t e d  t h a t  Thomas a t t e n d e d  a  s e s s i o n  w i t h  a  

s m a l l  number o f  s t u d e n t s ,  h e  r e s p o n d e d ,  "Which mean t  h e  [ t h e  

T A ]  was a l w a y s  a s k e d  t o  d o  q u e s t i o n s  which h e ' s  a i r e a d b r  

[worked  t h r o u g h ] .  So t h a t  was g o o d .  A b i t  l a t e  i n  t h e  

e v e n i n g  maybe.  " 

, - of t h o s e  I i n t e v i e w e d ,  C h a r l e s  was t h e  mas= critics- cf 

t h e  t u t o r i a l s  a n d  t h e  TA. H e  s a i d :  

The t u t o r i a l  was a l l  r i g h t  i n  t h e  s e n s e  t h a r  t h e  ~3~ w a s  
. , 

c e r t a i n l y  w i l l i n g  a n d  p r e p a r e d  t o  t a l k  a b o c t  a n y z n i n ~  he 
c o u l d  t o  h e l p  t h e  k i d s .  T h e r e  w a s n ' t  a  p r o b l e m  = h e r e .  
On t h e  o t h e r  hand ,  h i s  a b i l i t y  t o  p r e s e n t  a  p r o b l e ~ ,  
s o l u t i o n  i n  a n  o r d e r l y  f a s h i o n  w a s n ' t  v e r y  g o o d .  
s u p p o s e  t h a t  i s  l a c k  of  e x p e r i e n c e .  I g u e s s  i t ' s  p a r K l 1  
t h e  way you t h i n k ,  t o o .  When you jump s t e p s  i n  d o i x g  a 
s o l u t i o n  i n  a  t u t o r i a l ,  y o u ' r e  n o t  r e a l l y  h e l p i ~ g  
p e o p l e .  I f o u n d  it  c o n f u s i n g .  

C h a r l e s  was n o t  a l t o g e t h e r  n e g a t i v e  a b o u t  t h e  t ~ t o r i a 3 . s .  

T h e r e  were  t i m e s  you Could  p i c k  Up s o m e t h i n g .  Somet imes  
it would  b e  q u i t e  c l e a r ,  b e c a u s e  you would  know  no^ 

d o  s o m e t h i n g  e x c e p t  t h a t  YOU would b e  m i s s l n q  o n e  ::z=le 
s t e p  o r  l o o k i n g  a t  it t h e  wrong way o r  s o n e t h i n q .  T b e r c  
was some v a l u e  i n  i t ,  b u t . . .  

L a t e r  h e  a d d e d :  



s u s p e c t  t h i s  TA was p r o b a b l y  t y p i c a l  o f  T A ' s .  I d o n ' t  
know. They a r e  good math s t u d e n t s ,  t h e r e f o r e  t k e y  z r e  
T A ' s .  T h a t ' s  no  recommenda t ion  f o r  a n y t h i n g .  S ~ i l l  ir 
a  s u b j e c t  d o e s n ' t  mean you a r e  a  good t e a c h e r .  I n  f a c z ,  
s o m e t i m e s  t h e y  a r e  e x c l u s i v e  o f  e a c h  o t h e r .  

C h a r l e s  h a d  n o t  a t t e n d e d  t h e  Math Lab,  b u t  f e l t  t h c c  i: 

w a s  a  good  c o n c e p t .  He s u g g e s t e d  t h a t  two h o u r s  o f  Ma:k ~ a k  

b e f o r e  t h e  l e c t u r e s  a t  t h e  H a r b o u r  C e n t r e  campus w o u l e  h a v e  

b e e n  u s e f u l .  

H e a l t h  a n d  F a t i a u e  

s u c h  a s  i l l n e s s ,  f a t i g u e  a n d  t i m e  s p e n t  t r a v e l l i n g  t o  and 

f r o m  c lasses  a f f e c t e d  a t t i t u d e s  and  p e r f o r m a n c e  a d v e r s e l y  

E l i z a b e t h  was t a k i n g  two c o u r s e s  a t  t h e  B u r p a b y  camp-ds 

of t i m e  s p e n t  t r a v e l l i n g  was a  " b i g ,  b i g  p r o b l e m " .  

a t  t h e  King  Edward campus o f  Vancouver  Community C o l l e g e ,  

E l i z a b e t h  s a i d :  

I f o u n d  I n e v e r  h a d  a  c h a n c e  o r  t i m e  t o  s e t c l e  dowc and  
g e t  i n t o  a  r e a l l y  d e e p  c o n c e n t r a t i o n  a s  I h a d  b e f o r e  
when I was s t u d y i n g  a t  King  E d .  I t  was s u c h  a  g r e a t  
e x p e r i e n c e ,  i t  was s o  S a t i s f y i n g .  I r e a l l y  i e a r n e d  
b e c a u s e  I was a b l e  t o  g e t  i n t o  t h e s e  s t a t e s ,  s t u d y ~ n c ,  
w h e r e  I was r e a l l y  c o n c e n t r a t i n g ,  r e a l l y  g e t t l n g  d c w ~  
i n t o  d e t a i l ,  a n d  ; r e a l l y  e n ~ o y e d  i t .  I t  was a  
s a t i s f y i n g ,  w o n d e r f u l  e x p e r i e n c e .  And I f o u n a  I c o ~ i d  
n e v e r  g e t  i n t o  t h a t  s t a t e  when I was a t  S F C .  Ana o n e  o f  
t h e  p r o b l e m s  was t h a t  I  n e v e r  f o u n d  t h e  t l m e  b e c a u s e  I 
was c o n s t a n t l y  r u n n i n g  a r o u n d  t r y i n g  t o  g e t  t o  c l a s s e s ,  
w a i t i n g  f o r  b u s e s .  



S u s a n  e x p l a i n e d  t h a t  s h e  n e v e r  s o u g h t  o u t  t h e  i n s c r c c z c r  

o r  TA on  t h e  Burnaby  campus b e c a u s e  " g o i n g  u p  t h e r e  was-j 

h a v e  t a k e n  m e  o v e r  a n  h o u r  a n d  a  h a l f " .  

C a t h e r i n e  a l s o  t o o k  c o u r s e s  on  b o t h  c a m p u s e s .  D U Z : ~ ~  

t h e  l a t t e r  h a l f  o f  t h e  semester I would  d r i v e  h e r  b a c k  =c 

t h e  t i m e  w a s t e d  i n  commuting t o  t h e  u n i v e r s i t y .  

TWO o f  t h e  i n t e r v i e w e d  s t u d e n t s  s p o k e  o f  c h r o n i c  h e a l t "  

p r o b l e m s  t h e y  h a d  a n d  t h e  i m p a c t  it h a d  on t h e i r  s t x d i e s  

t h e  f o l l o w i n g  comments .  

I s t a r t e d  t o  a t t e n d  s c h o o l  a  c o u p l e  o f  y e a r s  a g o  a n d  1 
d i s c o v e r e d  I was t r y i n g  t o  p l a y  h e r o .  I w a s  t r y i n g  ~3 eo 
t o o  many t h i n g s .  Then I w a s  d i a g n o s e d  as  h a v i n g  u l c e r  
c o l i t i s ,  w h i c h  mean t  t h a t  I h a d  t o  manage m y  body j u s t  a 
l i t t l e  b i t  b e t t e r  a s  w e l l .  I t  i s n ' t  a  p r o b l e m  i f  I cse 
a  l i t t l e  d i s c i p l i n e .  If  I d o n ' t ,  it l e t s  m e  know if ; I T ,  

m i s b e h a v i n g .  . . .  But  a l l  I n e e d  i s  a  few n i g h t s  o f  f o u r  
h o u r s  o f  s l e e p ,  which  i s n ' t  t h a t  h a r d  when I ' m  w o r k i n g  
g r a v e y a r d ,  a n d  i t  s t a r t s  t o  o b j e c t  t o  t h a t  k i n d  of  
t r e a t m e n t .  Then i t  g e t  i n t o  a  v i c i o u s  c i r c l e  w h e r e  
g e t t i n g  t h e  n e c e s s a r y  s l e e p  a n d  m a i n t a i n i n g  t h e  enerz: ;  A - 

l e v e l s  n e c e s s a r y  t o  g e t  o v e r  i t  becomes a p r o b l e m .  

A t  t h e  e n d  o f  t h e  c o u r s e ,  D a v i d  n o t  o n l y  p u t  i n  some l o 2 2  

n i g h t s  o f  s t u d y i n g ,  h e  a l s o  h u r t  h i s  b a c k  a t  work  

C o n s e q u e n t l y ,  h e  was p h s y i c a l l y  u n a b l e  t o  s i t  t h r o ~ g h  t h e  

I d i d  m y s e l f  i n  w i t h  my b a c k  a n d  t h e n  t h a t ,  c o ~ b i n e 5  
w i t h  a l l  t h e  s t u d y i n g  I h a d  d o n e ,  h i n d e r e d  my s l e e p  . . . . :  
r e c o g n i z e  f o r  my n e x t  s e m e s t e r  t h a t  f i r s t  a n d  foremost, 
I h a v e  t o  b e  i n  good  enough  s h a p e  t o  e v e n  w r ~ t e  t h e  
exam.  I was s o  d e m o r a l i z e d  when I w a l k e d  o u t  on t h a t  
exam.  I h a d n ' t  f i n i s h e d  i t .  1 walked  o u t  e a r l y .  I w o ~ l d  
n e v e r  do  t h a t  n o r m a l l y .  



t h e  k e y  e l e m e n t s  i n  h e r  d e c i s i o n  n o t  t o  c o m p l e t e  t h i s  c c s r s e  

t h i s  s e m e s t e r .  S h e  s p o k e  o f  t h e  e f f e c t  o f  h e r  p c o r  h e a l t h  

h e r  a t t i t u d e  

I e n d e d  u p  o f t e n  s t a y i n g  u p  a l m o s t  a l l  n i g h t  t r y i n g  : c  
g e t  a s s i g n m e n t s  d o n e .  I s t a r t e d  l o s i n g  s l e e p  a r c  ; 
d e v e l o p e d  t h i s  u l c e r .  I w a s  r e a l l y  i n  b a d  s h a p e .  I: 
came t o  a p o i n t  w h e r e  I c o u l d n ' t  e v e n  f o r c e  m y s e l f  t: g,- 
o n .  And l o s i n g  t i m e  a n d  d e a l i n g  w i t h  o t h e r  
d i s t r a c t i o n s  . . .  o n c e  a g a i n ,  when you r e a c h  a c e r t a l r .  
p o i n t ,  when you l o s e  a  c e r t a i n  amount  o f  t i m e  I n  c k e s e  
t y p e s  o f  c o u r s e ,  y o u  c a n ' t  r e c o v e r .  I j u s t  f e l t  I was 
l o s i n g  g r i p .  

T a l k i n g  a b o u t  o t h e r  c o u r s e s  s h e  h a d  b e g u p  t h i s  t e r m ,  

E l i z a b e t h  s a i d :  

The  physics went  Se t t e r  t h a n  a l l  t h e  o t h e r s .  I e n l o y e 3  
it a n d  I d i d  w e l l  u n t i l  t h e  e n d .  I t  w a s  t h e  L a s t  one I 
l e t  g o .  And I j u s t  r e a l i z e d  . . .  t h a t  I w a s r ' t  going 
make it  t h r o u g h .  I w a s  l i k e ,  "I s u r r e n d e r . "  Wkic?* was 
a  b i g  b l o w .  I h a d  h i g h  h o p e s  a n d  w a s  p l a n n i n g  t h i s  for 
a l o n g  t i m e .  Once you  l o s e  t h e  h e a l t h  a n d  e n e r g y ,  v;as 
s p e n d i n g  a l l  my t i m e  t r y i n g  t o  k e e p  u p .  I w a s n ' t  
s l e e p i n g ,  w a s n ' t  e a t i n g  p r o p e r l y ,  l o n g  b u s  r l d e s  a n d  sc 
o n  a n d  s o  f o r t h .  And t h e n  t h i s  s t o m a c h  p rob ;e r r .  That 
w a s  t h e  e n d .  

The  i n s t r u c t o r  g a v e  c l a s s e s  o n  a c o u p l e  o f  o c c a s i c - s  

w h a t  p r o v i s i o n s  t h e  u n i v e r s i t y  makes  if h e  i s  u n a b l e  t o  

a t t e n d  a l e c t u r e ,  h e  commented :  

H e  m e n t i o n e d  a n  o p e r a t i o n  h e  h a d  p o s t p o n e d  u n t i l  t h e  e n d  of 

t h e  s e m e s t e r  a n d  c o n t i n u e d :  



I ' l l  t e l l  you s o m e t h i n g  e l s e ,  t o o .  And I 'rr  s u r e  yc.c - r e  
a w a r e  o f  i t .  I n  t h i s  j o b  b . e r e ,  a n d  i n  o t h e r  
p r o f e s s i o n a l  j o b s ,  p e o p l e  a r e  n o t  a b s e n t  u n l e s s  = h e r e  i.= 
r e a l l y  s o m e t h i n g  wrong  w i t h  t h e m .  . . .  I n  t h i s  k i n d  o f  
j o b ,  u n l e s s  I ' m  s i c k ,  I ' m  n o t  a w a y .  And t h a t ' s  t r u e ,  I 
t h i n k ,  o f  e v e r y b o d y  h e r e .  B u t  when t h e y  a r e ,  I d o - ' t  
know w h a t  p r o v i s i o n s  . . .  I f  I w e r e  i n  a t r a f f i c  a c c i d e n r  
a n d  i n  t h e  h o s p i t a l  f o r  s e v e r a l  w e e k s ,  I t k i z k  t h e ) .  
w o u l d  d o  s o m e t h i n g .  Bu t  I s u s p e c t  f o r  a  w e e k  o r  sc,, 
n o t h i n g  wou ld  b e  d o n e .  

The  i n s t r u c t o r  was a w a r e  t h a t  many o f  h i s  s t u d e n t s  x e r @  

t i r e d  a n d  s o m e t i m e s  i l l .  "The t i r e d n e s s ?  Y e s ,  o f  c o u r s e  the:. 

a re  t i r e d .  Some o f  t h e m  h a v e  come o f f  o f  a n  e i g h t  h o u r  :ah!" 

B u t  t h e  w o r k i n g  a s s u m p t i o n  w a s  t h a t  t h e  s t u d e r + . s  wou ld  

s o l d i e r  o n  t h r o u g h ,  a l t h o u g h  h e  a d m i t t e d ,  " I c ' s  h a r d ;  I 

know.  " 

P e r s o n a l  Interaction 

I was i n t e r e s t e d  I n  t h e  amoun t  a n d  t y p e  o f  p e r s o n a l  

i n t e r a c t i o n  t h a t  wou ld  e v o l v e  among t h e  principals I n  t ~ l s  

c o u r s e  o v e r  t h e  s e m e s t e r .  Some o f  t h e  p e o p l e  nad t u r n e s  c lz t  

t o  be q u l t e  g r e g a r i o u s  a n d  t h e r e  w a s  o f t e n  c o n v e r s a c ~ o l  

b e f o r e ,  d u r l n g  a n d  a f t e r  c l a s s e s  b e t w e e n  s t u d e n t s ,  s z ~ d e n t s  

a n d  t h e  i n s t r u c t o r  a n d  s t u d e n t s  a n d  t h e  T A .  I: a  number  sf 

i n t e r v i e w s ,  I a s k e d  s t u d e n t s  w h e t h e r  t h e y  h a a  h a d  o p p o r t u r ; ~ ~  

t o  work w l t h  o t h e r  s t u d e n t s ,  a n d ,  1f t h e y  h a d ,  w n e t h e r  c r  r z t  

t h i s  cooperation h a d  p r o v e d  u s e f u l .  



C a t h e r i n e  f e l t  t h a t  h e r  s u c c e s s  i n  c h i s  c o c r s e  a n d  t h e  

a c t i v e  r o l e  s h e  t o o k  i n  l e c t u r e s  se t  a  b a r r i e r  be tweer ;  

h e r s e l f  a n d  h e r  c l a s s m a t e s .  She  m e n t i o n e d  

I ' m  s t i l l  g e t t i n g  some n a s t y  comments f rom p e o p l e  
s o m e t i m e s .  I f  p e o p l e  a s k  m e  how I ' m  d o i n 9  i n  a  c l a s s ,  I 
h a v e  t o  s a y ,  " S o r r y ,  b u t  I ' m  n o t  h a v i n g  a  p r o b l e r  w l c ~  
i t . "  They b e c o n e  s u l l e n .  

When I a s k e d  h e r  i f  s h e  had  worked w i t h  o t h e r  p e c p l e  c n  t h e  

a s s i g n e d  p r o b l e m s ,  s h e  r e s p o n d e d ,  "Only a  few t i n e s .  I ?-ad a  

c l a s s  j u s t  b e f o r e  m a t h .  No, a n d  I d o n ' t  work w e l l  t h a t  ~ ( 2 ;  

anyway .  " 

T h i s  was a n o t h e r  t h i n g  I was b e g i n n i n g  t o  r e a l i z e  f r o n  
e a r l i e r  t e r m .  I t ' s  v e r y  v a l u a b l e  t o  buddy up  w i t h  
someone .  I n o t i c e d  t h e  s t u d e n t s  who w e r e  much y o u n g e r  
t h a n  I, who came s t r a i g h t  o u t  o f  h i g h  s c h o o l  w i t h  6 
s m a l l  g r o u p  t h e y  knew, worked t o g e t h e r .  Even tho:gh 
f e l t  t h a t  t o  r e a l l y  l e a r n  I h a d  t o  d o  it b y  m y s e l f .  
o n c e  y o u ' v e  c o v e r e d  t h a t  g r o u n d ,  o r  i f  you r u n  i n t o  
d i f f i c u l t y  a n d  want  t o  d i s c u s s  i t ,  i t ' s  good t o  xork 
w i t h  a n o t h e r  p e r s o n .  

She  h a d  g o t t e n  t e l e p h o n e  numbers  f rom t w o  o f  h e r  c l a s s m a t e s ,  

b u t  d i d  n o t  c o n t a c t  them a s  o f t e n  a s  s h e  t h o u g h t  s h e  ~ i g h t  

worked  on  t h e  a s s i g n e d  p r o b l e m s  w i t h  a  t u t o r .  

S u s a n  d i d  n o t  work w i t h  o t h e r  p e o p l e  i n  t h i s  c o u r s e .  

She  m e n t i o n e d  t h a t  

b u t ,  a s  s h e  s a i d :  

s h e  t a l k e d  w i t h  C a t h e r i n e  e v e r y  sc  

I f o u n d  t h a t  s h e  c e r t a i n l y  knew what  s h e  was d c i r . g ,  kc: 
i t  w a s  j u s t  t o o  a b s t r a c t .  Somet imes  I f i n d  it 
d i s t r e s s f u l  when ~ t ' s  e v e n  more a b s t r a c t  r h a n  t h e  x a y  



I ' m  t h i n k i n g .  A c t u a l l y ,  I f i n d  q u i t e  o f c e n  t h a t  p e s p l e  
d o n ' t  u n d e r s t a n d  w h e r e  t h e  p r o b l e m  i s  . . . .  Where a c e s  yna -  
p a r t  come i n ,  w h e r e  someone  c a n  r e a l l y  t e a c n  5 7 0 ~  ay.5 
u n d e r s t a n d  w h e r e  y o u r  p r o b l e m  i s ?  

C h a r l e s  a n d  Thomas b o t h  f e l t  i t  w o u l d  b e  advar!tagez.:s Z: 

work w i t h  o t h e r s ,  b x t   hat t h i s  c o u r s e  d i d  n o t  l e n d  i t s e i f  :C 

p e o p l e  f i n d i n g  o t h e r s  w i t h  w h i c h  t o  w o r k .  C h a r l e s  sa:ci: 

P a r t  o f  i t  i s  beca .dse  i t ' s  l i k e  g o i n g  i n t o  f i r s t  y e a r  
u n i v e r s i t y .  When you t a k e  c lasses  p a r t - t i n e ,  i = ' s  l i k e  
g o i n g  i n t o  f i r s t  y e a r  u n i v e r s i t y  i n t o  t h e  f i r s t  c l a s s ,  
b e c a u s e  you  d o n ' t  know a n y b o d y .  You s e l d o m  see p e o p l e  
y o u ' v e  s e e n  b e f o r e .  And b e c a u s e  y o u ' r e  w o r k i n g ,  
e s p e c i a l l y  i f  y o u ' r e  w o r k i n g ,  you  c a n  o n l y  g o  f o r  :he 
c l a s s .  So  you t e n d  n o t  t o  e s t a b l i s h  r e l a c i o n s h i p s  :hat 
you c a n  s i t  down a n d  w o r k .  W h e r e a s ,  i n  ~ l ~ i v e r s i t y ,  
p e o p l e  i n  t h e  same c l a s s ,  f i r s t  t h i n g  you know y o > ~ ' r e  
s i t t i n g  i n  t h e  l i b r a r y  t o g e t h e r .  Y o u ' r e  d o i n g  t h i s  G r  

t h a t .  You h a v e  some c h a n c e  t o  b u i l d  u p  relationships 
a n d  work  w i t h  p e o p l e .  More d i f f i c u l t ,  I t h i n k ,  :f v0.d 
a r e  t a k i n g  c l a s s e s  p a r t - t i m e .  Bu t  y e s ,  I ' m  s u r e  i: 
wou ld  h e l p  t o  b e  a b l e  t o  s i t  down a n d  d o  y o u r  
a s s i g n m e n t s  w i t h  s o m e o n e .  

s t u d i e s  a t  t h e  u n i v e r s i t y  a n d  t h a t  t h e r e  was "a Ic t  c f  p e o p : ~  

a n d  you d o n ' t  know a  sou ; " .  The  p o s s i b i l i t y  o f  w o r k i n s  

e x p l o r e  i n  t h e  n e x t  s e m e s t e r .  

T e c h n o l o c v  : C a l c u l a t o r s  a n d  C o m ~ u t e r s  - 

The i s s u e  o f  t e c h n o l o g y ,  t h e  u s e  o f  c a l c u l a t o r s  2 5 ~  

c o m p u t e r s  i n  t h i s  c o u r s e ,  w a s  o n e  t h a t  I b r o u g h z  t o  = h e  

s t u d y .  I s p o k e  w i t h  e a c h  o f  t h e  i n t e r v i e w  s u b j e c t s  a b c ~ t  

t h e i r  u s e  o f  t e c h n o l o g y  a n d  a t t i t u d e  t o w a r d s  i t .  



Cather ine  used a simple Sharp 540D ca lc .d ia to r  f o r  b o y .  

t h e  assignments and t e s t s .  Shc brought it  t o  c l a s s ,  a l c k o ~ g ? .  

when t h e  i n s t r u c t o r  asked s t u d e n t s  t o  use t h e i r  cz lcc ;~ :ors ,  

t h i n g s  a s  he asked,  because I ge t  a l l  t h e  s t e p s  convo lc t ez .  1 

c a n ' t  t r a n s f e r  from hear ing i t  t o  doing,  t h a t  qclck::,.." -..-a- . - ,  - 

I asked how she f e l t  about some of her  c lassmates  h.a-v-i?~ ?,arc 

advanced c a l c u l a t o r s ,  she r e p l i e d  

I t  d i d n ' t  bo ther  me, it r e a l l y  d i d n ' t .  P a r t l y  becacsc I 
was doing b e t t e r  t h a t  t hey  were. There was a  c e r t a i n  
sense  of s a t i s f a c t i o n ,  a c t u a l l y .  N o ,  t k - 2  o n l y  zdvap.zacc 
was time and I was never p ressed  f o r  t ime .  

Ca ther ine  f e l t  it would be n i c e  t o  acqu i r e  a  su?er 

c a l c u l a t o r  " j u s ~  f o r  fun" .  " I  thought it would be fcr t c  ~12;. 

Cather ine ,  technology wasn ' t  a s i g n i f i c a n t  f a c t o r  i n  hey 

s u c c e s s .  She commented: 

I d o n ' t  kr.ow what i t  was l i k e  f o r  people :hat hza t h e ?  
1t may have been a  g r e a t  advantage.  And I d o r ' c  krov. 
what i t  would be l i k e  i f  I had one.  I obvioaslq. acn ' : 
need them. 

~ l i z a b e t h  a l s o  used only  a  b a s i c  s c i e n t i f i c  ca;cu;ator 

When I asked what she thought of t h e  programmable, g r z p k i c ~  

capable  models, she s a i d :  

The only one I saw was yours t h a t  one day. I ac tua l l ; ,  
d i d n ' t  even know t h a t  t hey  had ca lcc laEors  tha: coL12 s r  
t h a t .  ~ u t  I thought l t  was f a s c i n a t i n g  anB I xhcuch: 
was a r e a l l y  good f e a t u r e ,  t o  be a b l e  t o  s ee  t h e  q r z T z .  

When I asked why she d i d n ' t  ob t a in  one t h a t  s e n e s r e r ,  s?ie 

r e p l i e d :  



I r e a l l y  have t o  make an e f f o r t  t o  break i n t o  t h i s  .?ex 
technology.  Even though a f t e r  I ' v e  l ea rned  z o  "se I t ,  
no problem, i t ' s  very u s e f u l .  B u t  i t  t akes  a l o r  
of . . .  whatever, t o  break through t h a t  block t o  l e a r ?  tz 
use i t .  

. , Susan was another  s tuden t  who was no t  awzre of gray::cs 

capable  c a l c u l a t o r s .  

I found out q u i t e  l a t e ,  i n  December a t  t h e  end of t:?e 
term a lmos t .  Ac tua l ly ,  I remember our  prof say in9  
p l ea se  d o n ' t  use them dur ing t h e  exam and t h i n k i ~ ~ g ,  
"What's t h e  use of having them i f  you c a n ' t  c se   the^,?" 

B u t  a c t u a l l y ,  i t  would be quite h e l p f u l  t o  l e a r n  q u i ~ e  2 
b i t  f  rom i t .  

Susan used a  TI34, " t h e  one w i t h  a l l  of t h e  : ~ l o u r f x l  

i t  t o  remind h e r s e l f  of t h ings  such a s  where " s i n e  ccrL7es ,  

cos ine  curves  s t a r t .  Small t h ings  l i k e  t h a t . "  

Char les  used a  programmable c a l c u l a t o r  t h a t  he had 3wr.e:  

c a p a b i l i t i e s  was t o  program Newton's Method f o r  f i n d i n s  

r o o t s .  When we spoke about t h e  i n s t r u c t o r  r e s t r i c t i n q  t?le dse 

of some c a l c u l a t o r  func t ions  on t h e  midterms a s d  exaTlr.azrc;, 

Char les  commented: 

The graphing c a p a b i l i t i e s  would be one t h a t  I c o ~ l c  s e n  
you wouldn' t  al low, because you t r y  t o  ge t  people t -  
work w i t h  t h e  concepts of w h a t ' s  invo lved .  3 ~ :  
something a s  mechanical a s  Newton's Method, I car't 
understand why you would be concerned.  



po in t  he was making i s  t h a t  a  l o t  of t he se  th;ngs car, 52 5 3 - 5  

with a  c a l c u l a t o r  now. " 

When I asked Thomas how he f e l t  about h i s  classmates 

having c a l c u l a t o r s  w i t h  c a p a b i l i t i e s  t h a t  h i s  d id  no=, he 

r e p l i e d :  

I f e l t  t h a t  I was behind i n  t h e  r a c e .  The p z o b l e ~  I S ,  I 
l o s t  my c a l c u l a t o r  about two n i g h t s  be fo re  my secoz3 
chemistry nldterm.  SO I had t o  buy a  c a l c u l a t o r .  Tris 
i s  f o r  chemistry, so  I wanted one w l t h  a i l  che c o r , s t ~ ~ : c  
on i t .  So lt  was $ 5 0 .  So t h e  problem 1s  zo conTv-:zce 7 ,  

wife  t h a t  I should buy another  c a l c u l a t o r  f o r  $;4C. 

t h e  cou r se .  Thomas responded, "No, not very  o f t e n .  Xz: 2s 

o f t e n  a s  I would t h e  g raphics  one. I would have pot  i o c t  a 

l o t  o f  marks i f  I had t h a t .  I know t h a t  f o r  a  f a c c . "  

Thomas had taken a  U N I X  course and a  sho r t  coz r se  in 

us ing  c programming language i n  England. He wept i n t o  ~ 5 e s e  

courses  "not  knowing a  damn t h i n g  about computers". A f t e r  

t h e s e  courses  he admit ted ,  " I ' m  not  q u i t e  s o  scared  about 

them."  He was scheduled t o  t ake  a  course  i r  F ~ R T R A N  

programming next  semester ,  but  he had yet  t o  cse cornpacers I: 

h i s  o t h e r  courses  

Four s tuden t s  i n  t h e  c l a s s  ob ta ined  graphics  capable  

c a l c u l a t o r s  dur ing t h e  term.  Michael bought ax HP48SX 232 

Brian ,  p h i l i p  and David acquired T1811s .  David was one af 

use of  and a t t i t u d e  towards h i s  super  c a l c u l a t o r .  



David was comfortable w i t h  u s ing  technolcgy i n  

coursework wel l  be fore  he obta ined h i s  TI81.  In higk schcc: 

he had used a  TI58 c a l c u l a t o r  t o  do l i n e a r  r eg re s s ions  an 

da ta  from h i s  physics  l a b o r a t o r i e s .  And he wzs c s i n ~  ~ ! - ! e  

use of sp readshee t s .  

Well, f o r  Newton's method, I found t h e  concept ,  once ycL 
got  i t ,  t o  be q u i t e  s imple .  This works. Bxt I focnd I 
was g e t t i n g  bogged down jus t  with t h e  r e p e t i t i v e  rnc~io?  
of e n t e r i n g  d a t a ,  opera t ing  my thumb t h e r e .  B a s i c a l l - -  i t 

I ' v e  got  a  computer a t  home w i t h  a  sp readshee t .  I 
plugged it  i n  t h e r e  and jus t  l e t  i t  crank it  t h r o c g h .  I 
could s e e  then j u s t  e x a c t l y  how qu ick ly  it works a ~ d  :rLox,. 
e f f e c t i v e l y  and I t i n k e r  with it  a  l i t t l e  b i t .  7 5  my 
guess i s  t h i s  f a r  o f f ,  how long w i l l  it t a k e .  Good 
gr-e" nine  s t e p s .  Or, if it i s  t h i s  c lo se ,  two s t e s s  
and I ' v e  got e i g h t  d i g i t s .  So I experimented a  l i t t l e  
b i t  t h a t  way and got a  g r e a t e r  a p p r e c i a t i o n ,  i ~ ' z o ~ g ~ t ,  
f o r  e x a c t l y  how well it worked and some of i t s  
l i m i t a t i o n s  t o o .  

I asked him what had motivated him t o  purchase a   TI^: 

David s a i d :  

I was having a  hard time v i s u a l i z i n g  something l i k e  
t r igonometry  and what was happening. And I needed t o  
p i c t u r e  i n  my mind what t h ings  looked l i k e .  I ' ve  qoc 
some graphics  software on t h i s  t h i n g ,  but  it i s  very 
l i m i t e d .  I spent  more time i n t e r p r e t i n g  how  he sofzwsre  
worked than  what t h e  curve a c t u a l l y  d i d .  When i t  s p i ~ s  
ou t  t h i s  answer, what does i t  r e a l l y  mean? I found I 
was making i t  much more d i f f i c u l t  t h a t  i t  had t o  b e .  
When I got  t.o s e e  t he  graph of a  curve,  i: was l i k e ,  
 hat's i t .  T h a t ' s  not S O  much." When I got t o  see  
graphs repea ted ly ,  I  got a f e e l  f o r  e x a c t l y  what i k e i r  
behaviour was. Up t o  t h i s  p o i n t ,  purchasing t h e  "18:~ 
graphing a  func t ion  was a  very time consuming, l a b o r i o u s  
p roces s .  And I would t r y  t o  avoid  i t ,  i f  a t  a l l  
p o s s i b l e ,  f o r  some of t h e  u g l i e r  c u r v e s .  I f o u n j  I was 
l e a r n i n g  t o  so lve  problems by r o t e .  D o  t h i s ,  dc t h a t ,  
without  having any r e a l  unders tand ing .  By v i r t c r e  ~f 
having t h a t  c a l c u l a t o r ,  I could do problems much more 
qu i ck ly  and w i t h  g r e a t e r  unders tand ing .  So much s c  t h a t  



when i t  came t o  t h e  s e c o n d  m i d t e r m  i n v o l v i n g  r h e  g rap? : s ,  
when i t  came t o  p r o c e d u r e s ,  t h e  t e n  l i t t l e  s t e p s  cr 
w h a t e v e r ,  i t  was a  b r e e z e .  I d i d n ' t  e v e n  u s e  my 
c a l c u l a t o r  o n c e ,  I d o n ' t  t h i n k .  I t  [ t h e  f :nct isr .  ~3 5- 
g r a p h e d ]  h a d  a  t h i r d  power  i n  i t  a n d  I knew  here ~ 3 s  
o n l y  s o  many t h i n g s  t h i s  c o u l d  l o o k  l i k e .  So i t  h e l p e 2  
m e  t o  v i s u a l i z e  b e f o r e h a n d  wha t  w a s  p o s s i b l e  a n 6  - 7 "  *lazy  
w a s n ' t .  The  b i g  a d v a n t a g e  t h e  c a l c u l a t o r  g a v e  m e  x z s  
t h a t  I c o u l d  a b s o r b  c o n c e p t s  more  q u i c k l y  a n d  m o r e  
t h o r o u g h l y .  

David n o t  o n l y  u s e d  h i s  c a l c u l a t o r  f o r  g r a p h s ,  h e  

p r o g r a m e d  it w i t h  N e w t o n ' s  me thod ,  u s e d  g r a p h s  t o  es r :T .a te  

i t s  f i r s t  a ~ d  s e c o n d  d e r i v a t i v e  f u n c t i o n s  o n  t h e  same a:.:es. 

I a l s o  s p o k e  a t  some l e n g t h  w i t h  t h e  i n s t r u c t o r  abost 

h i s  u s e  o f  c a l c u l a t o r s .  Wi th  r e s p e c t  t o  t h i s ,  h e  s a i d :  

Y e s ,  t h e y ' r e  g r e a t .  I g o  b a c k  p r i o r  t o  t h e  i n t r O d l ~ c z i o -  
o f  h a n d  c a l c u l a t o r s  p e r i o d .  My r e a c t i o n  when t h e y  came 
i n  w a s  t h a t  t h e y  w e r e  n e a t .  They  c o u l d  d o  t h i ~ g s  t h a t  
you j u s t  d i d n ' t  see b e i n g  d o n e  v e r y  q u i c k l y .  M a t t e r  o f  
f a c t ,  t h e  t h e o r y  w a s  t h e r e ,  b u t  y o u  a v o i d e d  a  lot t h a t  
w a s  j g s t  t o o  t i m e  c o n s u m i n g .  YOU h a d  t o  b e  caref.:; t h a t  
y o u  d i d n ' t  g e t  b o g g e d  down t o o  much w i t h  a  t i m e  
c o n s u m i n g  t y p e  o f  p r o b l e m .  Yoc c o u l d  e n d  u p  was t5 r .q  
t i m e .  S o  when t h e y  came i n ,  I a d a p t e d  t h e  c o z r s e  
s l i g h t l y  t o  a d j u s t  f o r  t h e s e  c a l c u l a t o r s  a n d  I ' m  s c r e  : 
h a v e n ' t  a d j u s t e d  f o r  t h e  g r a p h i c s  c a l c u l a t o r  y e t .  Bu t  
if I t e a c h  i t  a g a i n ,  I ' m  s u r e  t h a t  I ' m  g o i n g  t o  have =c 
s i t  down and c o p e  w i t h  i t .  I t  w i l l  h e l p  , h e  s t u d e - r s ,  
b u t  i t  r e a l l y  w o n ' t  mean t h a t  I h a v e  t o  c h a n g e  t h i r g s  
v e r y  much in t e r m s  o f  e x a m i n a t i o n s  a n d  w h a t  n o t .  K h a t  
t h e y  w i l l  be a b l e  t o  d o ,  I wou ld  f o r e s e e ,  i s  t h a t  if I 
h a v e  a  g r a p h i n g  p r o b l e m  o n  i t ,  1 c a n  t e s t  t h a t  t h e y  knc::; 
t h e  c o n c e p t s ,  b e c a u s e  I c a n  demand t h a t  t h e y  show :he 
d e r i v a t i v e ,  s e t  i t  e q u a l  t o  z e r o  a n d  s o  o n .  SEE where  
i t  w o u l d  be a n  a d v a n t a g e ,  a n d  c e r t a i n l y  i n  a r e a l  
s i t u a t i o n  you  w o u l d  want  t o  d o  t h i s ,  i s  i n  c h e c k i n g  y o c r  
r e s u l t s .  You j u s t  p u n c h  t h e  f u n c t i o n  i n  a n d  q r a p h  i t .  
B U ~  f i n d i n g  t h e  maximums a n d  minimums,  t h e  p o i z t s  cf 
i n f l e c t i o n  a n d  s o  o n ,  t h e y  may b e  a  l i t t l e  a p p r o x i m a t e ,  
I c a n  t e s t  t h e  t e c h n i q u e s  t o  see t h a t  t h e y  kpow how 
d o  t h a t .  I t  w i l l  h a v e  a  m i l d  i m p a c t  o n  t h e  way I 
c o n s t r u c t  t e s t s  a n d  what  n o t ,  b u t  n o t  a  s i g n i f i c a r - , ~  c n e .  



On t h e  o t h e r  hand ,  f rom t h e  s t u d e n t ' s  p o i n t  o f  v l e h ,  I 
t h i n k  i t ' s  g r e a t .  I f  you c a n  g o  t h r o u g h  a l l  t h a t  i , $ a r ~  
a n d  t h e n  c o n f i r m  t h a t  yoGr r e s u l t s  a r e  c o r r e c t ,  z.qaz 
h e l p s  l e a r n i n g ,  I t h i n k .  

When I m e n t i o n e d  t h a t  p o s s i b i l i t y  o f  u s i n q  s v e r h e x i  

d i s p l a y  u n i t s  f o r  g r a p h i n g  c a l c u l a t o r s  i n  h i s  l e c t u r e s ,  t h e  

i n s t r u c t o r  r e p l i e d  t h a t  h e  a l r e a d y  made e x t e n s i v e  cse 3f 

c o m p u t e r s  i n  t e a c h i n g  s t a t i s t i c s .  The i n s t r c c t o r  

d i s t i n g u i s h e d  b e t w e e n  t e a c h i n g  s t a t i s t i c s  a n d  c a l c c l ~ ~ :  

When you g e t  i n t o  m u l t i p l e  r e g r e s s i o n ,  you ;:st c z r  dc 
t h e  p r o b l e m  by h a n d .  And i n  c a l c u l u s ,  I car? say,  " 2 9  
t h i s  g r a p h i n g  by h a n d . "  S u r e ,  i t  t a k e s  l o n q e r ,  b ~ t  ,:sc 
c a n  g o  t h r o u g h  t h e  S t e p s  t o  a c t u a l l y  C o n r E r u c r  z g r a ~ h  
a n d  you c a n  d o  it i n  a r e a s o n a b l e  amount e f  t i m e .   yo^ 

c a n ' t  d o  t h a t  w i t h  a  m u l t i p l e  r e g r e s s i o n  p r o b l e m .  
T h a t ' s  why you j u s t  punch  i n  t h e  commands i n c o  a 
c o m p u t e r ,  p r o j e c t  i t  o v e r h e a d  a n d  i t ' s  r i g h t  t h e r e .  

The i n s t r u c t o r  d i d  a l l o w  t h a t  u s i n g  g r a p h i n g  

c a p a b i l i t i e s  o f  c a l c u l a t o r s  would  a l l o w  him t o  s p e n d  l e s s  

c o u r s e .  He commented, w i t h  a  s m a l l  l a u g h :  

P r o b a b l y ,  maybe t h e  g r a p h i n g  c o u l d  b e  l e f c  o u t  t o  t h e  
e x t e n t  t h a t  I d i d  it w i t h  t h e  a d v e n t  o f  t h e  t e c h n o l o g y  
h e r e .  You know, maybe YOU c o u l d  g e t  y o u r s e l f  a  g r a p h i n $  
c a l c u l a t o r .  

M a t h e m a t i c a l  P r e r e f f u 1 ~ i t e . S  f o r  t h e  C o u r s e  

~ 0 t h  t h e  s t u d e n t s  a n d  t h e  i n s ~ r u c t o r  w e r e  cancer-ec 

a b o u t  t h e  p r e p a r a t i o n  t h e  s t u d e n t s  h a d  i n  matner?,a:lcs ?r:or 

t o  t a k i n g  t h i s  c o u r s e .  The p r o b l e m s  t h a t  t h e y  perceived 

seemed e x a c e r b a t e d  by t h e  f a c t  t h a t  many o f  t h e m  h a c  b e e n  

awdy f r o m  f o r m a l  e d u c a t i o n  f o r  a  number o f  y e a r s .  



C a t h e r i n e  f e l t  c h a t  " t h e r e  h a s  t o  b e  some t i m e  l i r - , i x  03 

e v e n  more s t r o n g l y .  

I t h i n k  t h a t  t h e  p r e c a l c u l u s  c o u r s e ,  e v e n  i f  you h a v e  
t h e  n e c e s s a r y  p r e r e q u i s i t e s ,  f o r  t h o s e  p e o p l e  t h a t  h s v e  
b e e n  away f o r  maybe more t h a n  f i v e  y e a r s  o r  someth:-s 
l i k e  t h a t ,  s h o u l d  b e  a  s t r o n g l y  s u g g e s t e d  r e q u i r e m e n : .  

g o i n g  t o  f i n d  t h e  P a t h  151  c o u r s e ,  h e  would  h a v e  t a k e -  t!-Ae 

Math 1 0 0  c o u r s e .  

E l i z a b e t h  h a d  t a k e n  t h e  Math 100 c o u r s e  a n d  had bee: 

q u i t e  s u c c e s s f u l  i n  it, a l t h o u g h  s h e  was u n e b l e  L C  c o r n p l e ~ e  

t h e  Math 151 c o u r s e  d u r i n g  t h i s  t e r m .  I n  h e r  f i r s t  s e n e s t e r  

a t  Simon ~ r a s e r ,  s h e  h a d  gone t o  t h e  a c a d e m i c  c o u n s e ; l i c c  

s e r v i c e s .  On t h e  b a s i s  o f  h e r  t r a n s c r i p t  f o r  V a n z o u v e r  

Community c o l l e g e ,  s h e  was a d v i s e d  t o  r e g i s t e r  f o r  221 t h e  

f i r s t  y e a r  s c i e n c e  c o u r s e s .  AS E l i z a b e t h  s a i d ,  "I - u s - ,  ' ao= 

k n o c k e d  c o m p l e t e l y  f l a t  on my b a c k  i n  t h e  f i r s t  c o c 7 l e  zf 

w e e k s . "  s h e  went  t o  s e e  a n o t h e r  c o u n s e l l o r  when s h e  e n r o l l e d  

a t  t h e  u n i v e r s i t y  t h e  n e x t  t e r m .  "The c o u n s e l l o r  I wenr 

a f t e r  a l l .  T h i n g s  were  okay  a g a i n . "  

The i n s t r u c t o r  s p o k e  a b o u t  t w o  s p e c i f i c  c o n c e r n s  h e  h a d  

a b o u t  t h e  s t u d e n t s  m a z n e m a t i c a l  p r e p a r a t i o n  i n  t h i s  c;ass. 



H e  was c o n c e r n e d  a b o u t  t h o s e  who h a d  b e e n  away f r o 3  t h e  

f o r m a l  s t u d y  o f  m a t h e m a t i c s  f o r  a  l o n g  t i m e  a n a  r e  k a c  s?yc 

o b s e r v a t i o n s  a b o u t  s t u d e n t s  who h a d  s t u d i e d  s o x e  o f  t h e  

p r e l i m i n a r y  c o n c e p t s  o f  c a l c u l u s  i n  h i g h  s c h o o l .  

With  r e g a r d s  t o  t h e  f i r s t  i s s u e ,  h e  s a i d :  

Some o f  them h a v e  b e e n  o u t  o f  s c h o o l  f o r  f o u r  o r  f l ~ - e  
y e a r s ,  o r  maybe e v e n  more .  T h e r e  was t h e  e n g i n e e r ,  f 3 r  

e x a m p l e ,  who was obviously a n  i n t e l l i g e n t ,  sc1ent:f:c 
k i n d  o f  p e r s o n  t h e r e .  But h e  h a d  b e e n  away f r o m  
m a t h e m a t i c s  f o r  a  l o n g ,  l o n g  t i m e .  S o  t h a t  p r o b a b l y  
works  a g a l n s t  t h e m .  Somet imes  t h e y  may want  t o  t a ~ e  2 

b r u s h  up  c o u r s e .  Most o f  t h e  t i m e ,  r e a l i s t i c a l ; \ ,  t h e ;  
d o n ' t  want t o  w a s t e  t h e i r  t l m e  d o i n g  l t ,  a l g e b r a  ;L zr 
s o m e t h i n g  l i k e  t h a t .  

H e  a d d e d ,  c o n c e r n i n g  t h e  c l a s s e s  h e  t a u g h t  a t  t h e  Bcrnab l -  

M o u n t a i n  campus:  

I d o n ' t  f i n d  t h a t  same p r o b l e m  up  h e r e .  R o s t  of  :Re 

t o o  much.  

On t h e  s e c o n d  i s s u e ,  t h e  t e a c h i n g  o f  a n  i n t r o d u c c : c p  :- 

c a l c u l u s  i n  t h e  h i g h  s c h o o l s ,  t h e  i n s t r u c t o r  corrmen:ez: 

One o f  t h e  t h i n g s  t h a t  d o e s  c r o s s  my mind abou: t h e  g r a ~ d s  

p a s t  h e r e ,  i s  t h a t  t h e r e  were two s t u d e n t s  t h e r e .  "he\,- >:"?,: 

t h r o u g h  a n d  I b e l i e v e  t h e y  had  t a k e n  t h e  c a l c u l ~ s  I n  hlc: 

s t u d e n t s  t h e r e .  But t h e y  d i d  n o t  d o  w e l l .  An$ 

I I V ~  h a d  t h a t  happen  l n  t h e  p a s t ,  where  p e o p l e  h a v e  czmc 
i n  f r o m  h i g h  s c h o o l .  T h e r e  may b e  l o t s  t h a t  c o n e  ir, 
f rom h i g h  s c h o o l  a n d  d o  w e l l ,  b u t  t h i s  s t z c k  I n  x-y ~, :-z  
T h e s e  two,  a n d  o t h e r  o n e s  i n  t h e  p a s t ,  a l t h o u g n  they 



- - h a v e  h a d  i t  [ h i g h  s c h o o l  c a l c u l u s ] ,  h a v e  n o t  d o n e  ;.;e--. 
And t h e r e ' s  s o m e t h i n g  o f  i n t e r e s t  t h e r e ,  I t k i n k .  

When I t o l d  t h e  i n s t r u c t o r  t h a t  t h e  p r o v i c e i s :  

M a t h e m a t i c s  1 2  c o u r s e  h a d  a  m a n d a t o r y  u n i t  or! i r . t r o d c e t c r ~ .  

c a l c u l u s ,  h e  commented 

+ 1111 t e l l  you  o n e  t h i n g  t h a t  comes  i n t o  my n?,ind - h c ~ s h .  
~ o t  w i t h  t h e s e  s t u d e n t s  h e r e ,  b u t  o n e s  t h a t  I ' v e  h ~ d  ir 
s i m i l a r  s i t u a t i o n s ,  i s  t h a t  t h e y  know how t o  
d i f f e r e n t i a t e  p o l y n o m i a l s .  And t h e y  t h i n k  t h e y  cay 
d i f f e r e n t i a t e .  I mean,  a  p o l y n o m i a l  i s  t h e  s i m p l o s t ,  
mos t  t r i v i a l  t h i n g  you  c a n  d i f f e r e n t i a t e .  They  kf is ,w t he  
power  r u l e ,  s o  t h e y  know how t o  d i f f e r e n t i a z e .  A n d  t k ~ . .  . . .A -  , 

may b e  g o o d  a t  t h a t ,  you know. I w o u l d  a g r e e  w i t 3  tFle 
a p p r o a c h  y o u ' v e  m e n t i o n e d  [ t e a c h i n g  c o l l e g e  i e v e ;  

r I c a l c u l u s  t o  w e l l - p r e p a r e d  h i g h  s c h o o l  s t 3 - d e n t s ] .  
e v e n  s a i d  t h a t  m y s e l f  b e f o r e .  Look,  if i t ' s  g o i x c  :o b e  
i n  h i g h  s c h o o l  - it  a l w a y s  was a n  o p t i o n a l ,  l o c a l l y  
d e v e l o p e d  c o u r s e  - f i n e  a n d  d a n d y .  B u t  I w o u l d  a q r e e  
t h a t - ,  i f  t h e y  a r e  g o i n g  t o  d o  t h a t ,  make i t  r i g 3 ~ r ~ u . s .  
B e c a u s e  t h e y  a r e  j u s t  k i d d i n g  somebody,  i f   he!^ : h i n k  
d i f f e r e n t i a t i n g  p o l y n o m i a l s  o r  f i n d i n g  max-mins =f a 
p o l y n o m i a l  a n d  g r a p h i n g  i t ,  i f  t h a t ' s  i n d i c a t i v e  o f  yacy 
a b i l i t i e s  i n  c a l c u l u s .  I t ' s  a  much b i g g e r  s t o r y  than 

- ,  t h a t .  And s o ,  i f  t h e y  a re  g o i n g  t o  d o  i E  - d c  ic. , c  
f u l l  f o r c e .  

s c h o o l  m a t h e m a t i c s  c u r r i c u l u m  a n d  t h e  u n i v e r s i t y  m a t h e m a t i c s  

c o u r s e s .  ~ 0 t h  o f  u s  f o u n d  o u r s e l v e s ,  a s  m a t h e m a t i c s  

t e a c h e r s ,  a s s u n , i n g  a  k n o w l e d g e  b a s e  f o r  o u r  s t u d e n t s  :he: st 

t i m e s  t h e y  j u s t  d i d  n o t  h a v e .  The i n s t r u c t o r  s a i d :  

I w e s  a m a z e d .  T h e r e  a r e  a  few t h i n g s  t h e r e  t h a t  : woz lc  
h a v e . . . b u t  I ' m  n o t  s u r e  w h e t h e r  t h e y  h a v e  n e v e r  s e s r ,  5: 
o r  t h e y  h a d  f o r g o t t e n  a b o u t  i t .  T h e r e  w e r e  c e r t a i - 1 ~  
i d e a s  t h a t  I m e n t i o n e d  t h e r e ,  t h a t  I f e l t  t h a t  t h e ) .  
s h o u l d  know t h i s  ma te r i a l  o r  a t  l e a s t  b e  a c q u a i n t e a  w i t ;  
i t .  ~ t ' s  l i k e  someone  s h o u l d  b e  a b l e  t o  s a y  i n  
e n g i n e e r i n g ,  "You s h o u l d ,  maybe n o t  know, b u t  b e  
somewhat  f a m i l i a r  w i t h  t h e  h y p e r b o l i c  t r i g  f . a n ~ t i o ; s . ~  
We t a l k e d  a b o u t  t h e m  f o r  h a l f  a n  h o u r  a n d  a x  l e a s :  



y o u ' v e  h e a r d  o f  t h e m .  You know t h e y  a r e  e x c o n e n t i a i ,  
you  know t h e i r  d e r i v a t i v e s  a r e  somewhat  l i k e  r h e  
d e r i v a t i v e s  of t r i g  f u n c t i 3 n s .  Y O U  may Car :<no% t h e  
e x a c t  f o r n u l a ,  b u t  Y O U  s h o u l d .  . . B u t  t h e y  - I j u s r  2 r e x  
b l a n k  f a c e s  o r  e l s e  t h e y  j u s t  d i d n ' t  wan t  r e  p u t  
t h e i r  h a n d s ,  o r  s o m e t h i n g .  A few c a s e s  w e r e  I l k e  :?az 
I'm n o t  s u r e  what  t h e  r e a l  r e a s o n  w a s .  

i n  t h e  C o u r s e  

b o t h  t h e  i n s t r u c t o r  a n d  t h e  s t u d e n t s  

I l i s t e d  some o f  c h e  t o p i c s  t h a t  w e  h a d  c a v e r e d  i- 

l a s t  t w o  weeks  o f  l e c t u r e s  t o  C a t h e r i n e  a n d  a s k e d  h e r  wha: 

s h e  t h o u g h t  a b o u t  t h e  t r e a t m e n t  g i v e n  t h e m .  K i t h  r e s p e c :  z E  

t h e  h y p e r b o l i c  t r i g o n o m e t r i c  f u n c t i o n s ,  s h e  cornmentee,  I 

h a v e  n o  i d e a  wha t  t h e y  l o o k  l i k e . "  S h e  a d d e d :  

~t w a s  v e r y  much a k i n  t o  wha t  w e  d i d  i n  h i g h  s c h o o l .  
L e a r n  how. Wkich i s  f i n e  f o r  me. I m e m o r i z e  q u i c k l y .  T 
c a n  l e a r n  t h e  d e r i v a t i v e s .  B u t ,  f r o m  wha t  I g a t k ~ e r ,  
t h a t ' s  n o t  e x a c t l y  t h e  p o i n t .  So  why? T h e y  w e r e n ' t  3; - 7, t h e  e x a n  a n d  I d o n ' t  f e e l  w e  d i d  a n y t h i n g  w i t h  t h e y , .  
were t h e y  on  t h e  exam? [ T h e  f u n c t i o n  c o s h  o c c c r r e c i  ir 
o n e  p a r t  of a  f o r m a l  d i f f e r e n t i a t i o n  i t e r c .  ] 

p a r a m e t r i c  a n d  p o l a r  r e p r e s e n t a t i o n  o f  e q u a t i o r ? ~  cf e c r - . e 5  

m i s s e d  



C a t h e r i n e  had two comments t o  make about  :he pa:i?q cf 

t h e  c o u r s e .  W i t h  r e s p e c t  t o  t h e  u n i t  on cu rve  s k e z c h i n c ,  she 

o f f e r e d :  

Like I s a i d ,  t h e  g r a p h i n g .  I d o n ' t  know if I E ' s  :ka: 
impor tant  o r  n o t .  I t  j u s t  WenC On f o r e v e r .  ?owe-<er, I 
cou ld  probably  graph any polynomial  o r  r a c i o n a l  fanc:ior 
thrown a t  me. P o s s i b l y  some o t h e r  o n e s .  I d o n ' t  kzcb:. 

About t h e  pac ing  of t h e  c o u r s e  a t  v a r i o u s  t i m e s  

th roughou t  t h e  t e rm,  she  mentioned:  

I d o n ' t  know about t h e  r e s t  of t h e  c l a s s .  The 
impress ion  I got  from some of  them, and t h l s  was Sack 
when I was a c t u a i l y  doing t h e  s i x  hours  c r  x k a t e v e r  
week, was t h a t  i t  seemed t o  be going  r e a l l y  qcick;, a; 
t h e  b e g i n n i n g .  One of  t h e  peop le  I t a l k e d  t o  and mjJse:f, 
we h a d n ' t  done any math i n  s o  long t h a t  we were 
scrambl ing  t o  keep up .  Then t h i n g s  seemed t o  r e l a x  2 
b i t .  Then t h e  l e c t u r e s  seemed t o  speed u p  a t  t h e  e n 3  c,f 
t h e  c o u r s e .  B u t  I d i d n ' t  need t o  scramble  any r . a r e ,  sz 
it d i d n ' t  seem f a s t  t o  me. I know a l o t  of  p e o ~ l e  : 
t a l k e d  t o  s a i d  t h e y  c o u l d n ' t  b e l i e v e  how f a s z  t h i n g s  
were g o i n g .  They were even w r i t i n g  some of i t  o f f .  E ~ =  
it d i d n ' t  f e e l  f a s t ,  j u s t  no t  d e t a i l e d .  

David was f r u s t r a t e d  w i t h  t h e  v a r y i n g  pace ~hroughou :  

t h e  te rm,  a l t h o u g h  he unders tood t h e  r a t i o n a l e  f o r  it 

somewhat. H e  s a i d :  

I am f r u s t r a t e d  a t  t h e  t imeframe t h e y  a l l o w ,  t h e  
o p p o r t u n i t y  t o  t r u l y  expand.  You're  r e q u i r e d  t o  q e t  ~5~ 
g i s t  o f  t h e  very  b a s i c  c o n c e p t s .  And a s  long a s  ycx car 
demonst ra te  you have a  b a s i c  u n d e r s t a n d i n g  af :he 
h i g h l i g h t s  of  t h e  c o u r s e ,  y o u ' r e  t h r o u g h .  B u t  yoc ze-;ez 
r e a l l y  g e t  a  chance t o  e x p l o r e  and i n t e r - r e l a t e  soye  cf 
t h e s e  concep t s  and s e e  where you can go w i t h  t h e ? .  - 

+ k- e 
t imeframe does not  pe rmi t  t h i s .  T h i s  was one of  m:j 
d i sappo in tmen t s  wi th  t h e  c o u r s e .  That f i n a l  pus?- 2 ~ .  t i 0  -.. - 

l a s t  t w o  weeks was c r a z y .  We s t a r t e d  t h e  c o u r s e  
cover ing  a  s e c t i o n  eve ry  l e c t u r e ,  l e c t u r e  and a  
h a l f . .  . . For t h e  f i r s t  two o r  t h r e e  weeks, it [pace  of 
t h e  c o u r s e ]  was q u i t e  adequa te  I t h o u g h t ,  because  be ing  
out of  schoo l  a s  iong a s  I have been,  iz t ook  e w;~:ie tc 



d u s t  o f f  t h e  cobwebs. But i f  I had been f r e s h  o u t  cf 
high  s c h o o l ,  I might have found i t  a  l i t t l e  s low.  I 
d o n ' t  know. I c a n ' t  judge any longer  w i t h  r e s p e c t  =c 
t h a t .  ~ u t  I t hozgh t  i t  should  have been a c c e l e r a t e d  a 
l i t t l e  b i t  more i f  he [ t h e  i n s t r u c t o r ]  wanted t o  c c v e r  
t h e  e n t i r e  c o u r s e .  Because,  c o v e r i n g  t h r e e  s e c t i 3 z s  3 

l e c t u r e  towards  t h e  end ,  i t  was j u s t ,  "Okay, I h a v e  
be a b l e  t o  do t h e  s i m p l e s t  of  q u e s t i o n s .  Cne of  
e v e r y t h i n g .  Exp lo r ing  it  w i l l  have t o  come a: a  later 
d a t e .  " 

Susan spoke about  t h e  pac ing  i n  s i m i l a r  cerrrls.  

The f i r s t  month, September,  went p r e t t y  s low compare2 
t h e  amount o f  m a t e r i a l .  And I found i n  t h e  l a s z  ~ X Q  o r  
t h r e e  weeks we were thrown s o  much work t h a z  1 f o u ~ a  
t h a t  I s a t  down f o r  a  coup le  o f  hours  j u s t  t o  mernGrlze 
h y p e r b o l i c  f o r m u l a s .  For  which t h e r e  x a s n ' c  even a  
question on t h e  exam. S O  I t h o u g h t ,  "Gee, w h a r f s  t h e  

. - r e l e v a n c e  of t h l s  o n e . "  We covered  s o  man>, t h i - g s  aF2 - 
t h o u g h t ,  " o h . "  The l a s t  b i t  was r e a l l y  r u s h e d ,  b u t  1 3 -  r 

t o  t h e  first midterm e v e r y t h i n g  was p r e t t y  smooth.  
even t h e  second n id te rm w a s n ' t  t o o  b a d .  3 u t  af :erwardst  
I think l t  was Newton's method o r  r i g h t  a f t e r  :nap, 
e v e r y t h i n g  a c c e l e r a t e d .  I t  was r e a l l y  r u s h e d .  

Thomas, when I asked about  p a c i n g ,  s a i d ,  " I t  w a s r . ' ~  a 

un i fo rm p a c e .  I t  go t  ve ry  h a i r y  towards  t h e  end ,  c o v e r i n ?  

if he  were t o  a l t e r  t h e  c o u r s e  he would " t r y  t o  a l l o c a t e d  :he 

same amount of  t i m e  t o  each  s u b j e c t  o r  maybe make t h e  cc,ursc 

t h e  b e g i n n i n g ,  t o  t h e  d i s t r e s s  of  t h e  i n s t r u c t o r ,  bu: a s  

o t h e r  way. People  were d e f i n i t e l y  having  p r o b l e n ~ . "  

C h a r l e s ,  t h e  e n ~ i n e e r ,  spoke about  t h e  f a c t  t h a z  

p a r t  of  mathematics  i s  t h e  a p p l i c a t i o n s ,  o r  it snoul3 be .  



S t i l l ,  I c a n  see why h e  d i d  i t  [ o m i t t e d  t h e  sections:. -. - 2 e r t  

j u s t  i s n ' t  t i m e  f o r  i t . "  

C h a r l e s  d i d  comment o n  some o f  t h e  t o p i c s  t h a t  were 

i n c l u d e d  i n  t h e  c o u r s e .  H e  s a i d :  

~ ' m  n o t  s u r e ,  f o r  t h e  i n t e n t  o f  t h i s  c o u r s e ,  t h a t  
h y p e r b o l i c  f u n c t i o n s  a n d  some o f  t h o s e  t h i n g s  real : ,  
a d d e d  t h a t  n u c h  t o  i t .  I know t h a t  hyperbolic fsnc:lcy.:  
h a v e  a  f a i r l y  s p e c i f i c  e n g i n e e r i n g  a p p l i c a t i o n ,  a z c  a  
f e w  o t h e r  a p p l i c a t i o n s ,  b e c a u s e  i n  o n e  o f  ~ . y  d e p a r t m e n t :  
w e  u s e  t h e n  a l l  t h e  t i m e .  B u t  I ' m  n o t  s u r e  t h a t  ix 
c o n t e x t  o f  t h e  c a l c u l u s  c o u r s e ,  t h a t  some o f  t h e  t h i r q s  
t h a t  w e  d i d  I n  t h e  l a s t  t w o  O r  t h r e e  w e e k s  w e r e  
e s s e n t i a l .  ~ y  own i n c l i n a t i o n  would  b e  t h a t  = h e  c o ~ r s e  
w o u l d  b e  b e t t e r  i f  y o u r  l e f t  o u t  t h e  l a s t  t w o  o r  t h r e e  
w e e k s  a n d  s t r e t c h e d  t h e  f i r s t  p a r t  o u t  an,5 g o t  p e o g i e  
more c o m f o r t a b l e  w i t h  i t .  B e c a u s e  some o f  r h a t  s ~ c f f  
i s ,  a r  t h e  p a c e  it w e n t ,  you d i d n ' t  l e a r n  i t  a n y x a y  . I: 
d i d n ' t  w o r k .  T h e r e  were c h a p t e r s  you j u s t  w h i s t l e d  
t h r o u g h .  

C h a r l e s  b e l i e v e d  t h a t  t h e  c o n c e p t s  of c a l c u l u s ,  p r o p e r l l .  

H e  s a i d  

None o f  t h a t  s t u f f  s h o u l d  b e  t h a t  d i f f i c u l t .  Most  o f  
t h e  c o p c e p t s  i n  c a l c u l u s ,  now a n d  t h e n  wher  you  g e t  i p ~ ~  

r i g o u r o u s  p r o o f s  i t  i s  d i f f i c u l t ,  b u t  i f  you  a r e  : e : : < ~ : ~  
a b o u t  t h e  c o n c e p t s ,  e s p e c i a l l y  i f  you  h a v e  someon?  ~ ? - g  
c a n  e x p l a i n  i t  a s  w e l l  a s  [ t h e  i n s t r u c t o r ]  d i d ,  a r e  
r e a l l y  n o t  d i f f i c u l t .  I f  you  u s e  t h e  r i g h t  l a n g u a g e  a ~ c  
p r e s e n t  it c o r r e c t l y ,  t h e  c o n c e p t s  a r e n ' t  d i f f i c u i c .  
And I t h i n k  m o s t  p e o p l e  w i t h  a r e a s o n a b l e  m a t h  
b a c k g r o u n d ,  t h o s e  t h a t  s u r v i v e d  a l g e b r a  i n  s c h o o l  
w i t h  a  E o r  s o m e t h i n g  l i k e  t h a t ,  s h o u l d n ' z  h a v e  
t r o u b l e  with i t .  B e c a u s e  i t ' s  n o t ,  I d o n ' t  t h i n k ,  a -y  
more  d i f f i c u l t  t h a n  a l g e b r a  o r  g e o m e t r y  o r  a n a l v s i s .  
~ u t  i c  i s  se t  u p  now s o  t h a t  t h e  p a c e  i s  r i d i c u l o c s .  

added, " ~ t  seems s t r a n g e  t o  m e  t h a t  t h e  c o u r s e  i s  s e t  so 



t h a t  you e i t h e r  have t o  be a  workaholic o r  a  r e a l  whiz 5: 

math t o  surv ive  i t ,  because i t  goes so f a s t . "  

The i n s t r u c t o r  was unequivocal i n  h i s  f e e l i n g s  abc,: t h e  

amount of  ma te r i a l  i n  t h i s  course and t h e  t ime a l l o t t e d  f o r  

cover ing  t h i s  n a t e r i a l .  He s a i d  on t h i s  s u b j e c t :  

Another t h ing  t h a t  I f e e l  about i n  t h a t  p a r t i c u l a r  
c l a s s ,  151, you know my f e e l i n g s ,  i s  t h a t  i z  i s  s z  
jammed w i t h  m a t e r i a l .  My f e e l i n g  1 s  t h a t  :here s : ? z u l d  
be more time f o r  i t .  The only reason t h e r e  i s  r o t  ~ , c ~ ~  
t ime i s ,  I t h i n k ,  a t  Simon F ra se r ,  b u r e a u c r a t i c .  
d o n ' t  t h ink  t h e r e  i s  any educa t iona l  foundat ion for 
having another  hour w i t h  t h e  cou r se .  Let Chinas s l 2 ~  
down a  l i t t l e  b i t  and s ink  i n  a  b i t  more. T h a t ' s  ~ , y  
f e e l i n g . .  . . I t  has t o  do w i t h  t h e  r e g i s t r a r  and t h e  
i s s u i n g  of u n i t s .  I th ink  t h a t ' s  what i t  i s .  

impact on h i s  teaching s t y l e .  He commented: 

I j u s t  f e e l  continuously under p r e s s u r e .  Z 've  got  t o  dc 
a  s e c t l o n  per hour .  And some of t h e  s e c t ~ o n s  a r e  
b i g g e r .  I f i n d  i t  d l f f l c u l t  t o  do l n  a  wajy t h a t  I feel 
l i k e  I 'm dolnq a good lob .  I know o t h e r  people dor ' :  
have a n y  problem g e t t l n g  through t h e  m a t e r ~ a l .  3 c ~  I 
have t o  look back and say t h a t  i t  has got  t o  be sore-,,;nat 
of 2 s u p e r f l c l a l  approach ju s t  t o  ge t  t h r c ~ g h  211 
m a t e r l a l  ir t h a t  t ime .  

La t e r  he added 

T h e r e ' s  no doubt about i t .  This i s  t h e  most jamnee 
cou r se .  . .  his course here  [Math 1511 i s  ncz my 
pre fe r ence  f o r  t each ing .  Not t h a t  I d o n ' t  l i k e  :ne 
m a t e r i a l .  I do l i k e  t he  m a t e r i a l .  I t ' s  f c n  t o  =each 
i t .  3 u t , f o r  example, when I t aught  i t  i n  t h e  c o l l e ~ e s  1 
got  fou r  hocrs t o  teach i t  i n .  I f e e l  very cornfarcab:? 
w i t h  t h a t .  B u t ,  macter of f a c t ,  I b e l i e v e  :his was 3 

f o u r  hour course o r i g i n a l l y  when i t  was seL up.  Tker 
t hey  s e t  up t h e  l a b  s e c t i o n s .  And they  woc lan ' t  a;ve 



f o u r s  u n i t s  of c r e d i t .  I guess  o t h e r  d e ~ a r t a e ~ z s  
compla ined;  i z ' s  an i n t r o d u c t o r y  c o u r s e .  ?Jhy i s  i: :ha- 

"013 t h e y  g e t  f o c r  u n i t s  i n  math and o n l y  ~ h r e e  h e r e ?  I:---- - .  i s  t h a t  k ind  of problem. And s o  t h e  hours  were -:red 
7 J p .  T h e y  were w i l l i n g  t o  g i v e  a  one hoc r  z - t o r i a l ,  5 . ; ~  
n o t  add one hour t o  t h e  l e c t c r e .  Yet =he  r x a t e r i a l  i- 
t h e  t r a n s f e r  c o c r s e s  i n  t h e  c o l l e g e s  i s  done i- f z c r  
h o u r s  and in some c o l i e g e s  ir! f i v e  hours  of ; e c r u r e s .  
Which means r n ~ t  t h e r e  is l o t s  more t i m e  t o  do exe-p lec  - Fee and  g e t  a  r a p p o r t ,  a d i a l o g u e  g o i n g .  B u t  ~ i : k z : ~ ,  
hour s ,  I c a n l z  f e e l  j u s t i f i e d  i n  l e t t i n g  t h a t  t l n n  2a. 
I d o n ' t  t h i n k  I ' d  g e t  t h e  m a t e r i a l  done .  



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Introduction 

In this chapter I summarize the most significa~t 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 ibis work 

and recommendations for improving those sltuati03~ I believe 

need to be corrected. Following this, I disccss the relevar.ce 

of this study to calculus reform effort. Finaily, I w r i ~ e  

about the impact this study has had on me as a classroo= 

teacher. 

Summary 

Chapter IV contains an extensive representaticn of rhe 

data that I gathered throughout the study, filtered as it is 

through the biases and interests of the research instr2ment, 

myself. ~n offering as complete a description of my 

experiences as was feasible, I intended that each reaaer of 

the account of the field observations and the interviews 

would find .something or some event which relates direczly 

with their own classroom experiences. 

The collection, analysis and representation of data 

during this study have led to an ongoing stream of t h 0 ~ ~ ; l t ~  



a n d  c o n c l u s i o n s  about  t h e  f i r s t - y e a r  u n i v e r s i t y  c a l c u i x s  

e x p e r i e n c e .  F o l l o w i n g  i s  a  d i s c u s s i o n  o f  t h o s e  a s p e c t s  2f 

t h e  Math 151 c o u r s e  d e s c r i b e d  i n  t h i s  s t u d y  which  I c a n s i d e r  

t o  b e  t h e  most s i g n i f i c a n t .  

p o s i t i v e  f e a t u r e s  o f  t h e  c o u r s e  

The s t u d e n t s  i n  t h i s  p a r t i c u l a r  s e c t i o n  o f  Math 15: 

e n j o y e d  a  t e a c h i n g  s i t u a t i o n  f a r  s u p e r i o r  t o  t h a t  o f  t h e  

m a j o r i t y  o f  s t u d e n t s  t a k i n g  t h e  e q u i v a l e n t  c o u r s e  i n  many 

N o r t h  American p o s t - s e c o n d a r y  i n ~ t l t ~ t i ~ n ~ .  " h i s  cornpar i sor  

i s  made on t h e  b a s i s  on i n f o r m a t i o n  g a t h e r e d  f o r  a s p e c i a l  

s u r v e y  i n  1 9 8 7  (Anderson & L o f t s g a a r d e n ,  i988) . 

~ 0 t h  t h e  l e c t u r e r  and  t h e  t e a c h i n g  a s s i s t a n t  were  f l u e r t  

i n  E n g l i s h .  The l e c t u r e r  was r e g a r d e d  by t h e  s t u d e c t s  a n d  

t h e  r e s e a r c h e r  a s  a n  e x c e p t i o n a l l y  good i n s t r u c t o r ,  s o  ruth 

s o  t h a t  some s t u d e n t s  s a i d  t h e y  would t a k e  f u t u r e  c o u r s e s  

t a u g h t  by  him b e c a u s e  t h e y  were t a u g h t  by him.  One s z j a e n ;  

c o n t i n u e d  1-0 a t t e n d  l e c t u r e s  a f t e r  s h e  had  o f f i c i a l l y  j r o p c e d  

o u t  o f  t h e  c o u r s e  b e c a u s e  of  t h e  e x c e p t i o n a l  q u a l i t y  o f  h i s  

p r e s e n t a t i o n .  

The e x c e l l e n c e  of  t h e  l e c t u r e s  i n  t h i s  c l a s s  became e-v-er. 

more a p p a r e n t  when t h e y  were c o n t r a s t e d  w i t h  :he 

p r e s e n t a t i o n s  o f  t h e  i n e x p e r i e n c e d  i n s t r u c t o r  e n c o u n c e r p c  

d u r i n g  t h e  p i l o t  p r o j e c t .  I t  i s  a l s o  i n  c o n t r a s t  to t h e  



benign neglect of calculus teaching by mathematicians 

referred to in the literature (Rodi, 1986) . 
The textbook was, in my opinion, one of the Ses: ~ h s z  I 

have used. It contained a wealti? of information as well 2s a 

wide variety of problems to be worked through. Appendices 

provided appropriate and necessary review material f o r  :he 

students who needed it. The text was profusely illuscrat~d 

with figures and diagrams. 

The ccrrent style of calculus textbook has beep. 

identified as a serious impediment to the qu21ity of calc~~i.;s 

instruction (Douglas, 1986; Garland & Kreider, 1983; ?,enz, 

1986a). The textbook used in this course had many af the 

features decried in the literature, yet none of the 

participants in this study had any significant concerns a b c s t  

the textbook. Several students, in fact, mentioned that thsy 

found the text to be informative and useful. 

The evaluation scheme provided relatively freque?~ 

feedback to the students on their progress. Weekly 

assignments were collected, marked in detail and returned 

promptly the next week. The two midterm tests acd the 

examinations were generally acclaimed to be fair and "as 

advertisedn by the instructor- Frequent feedback has beep. 

identified by some (LaTorre et al., 1990) as an essential 

feature for student success. 



In the tests and examinatio~ the studencs weye reqGire~ 

to demonstrate mastery of far more skills than the mechanical 

symbol manipulations associated with the "plug and chugw 

calculus to which the calculus reform l i t e r a ~ ~ r e  

disparagingly refers so frequently. (See Appendix 9.) 

The small class size allowed for the possibilizy of 

students making contact with each other and perha?s helping 

each other. 

8 , -  The instructor advocated the use of basic scien:lr:c 

calculators and did not actively discourage the use af T,ore 

advanced calculators and micr0~0mputer~. Although this class 

did not employ calculators and computers to the extent 

advocated by many in the calculus reform literature ( ~ . d , c k ~ ~ ,  

1990), it was not confined to strictly p e n c i 1 - a ~ d - p ~ ~ ~ ~  

calculations at the far end of the technological spectrun. 

The classrooms were modern and well-equipped. The 

instructor had use of overhead projectors for ail sf his 

lectures. The lecture hall for the Tuesday classes 

especially comfortable and conducive to notetaking. 

The lectures were taped and the tapes were made 

available in the librzry at the Harbour Centre campus, as 

well as equipment for listening to them. Solution keys fcr 

the assigned problems were also available in the library. 



Despite all the advantages that the students in this 

class had, it was not a very positive or successful 

experience for many cf them. 

Math 151 as a Filter 

The image of the calculus Course as a barrier 

(1988) describes the situation: 

Nearly one million students study calcu?-us each year in 
the United States, yet fewer than 25% of thes? stxdencs 
survive to enter the science and engineering pipeline. 
Calculus is the critical filter in this pipeline, 
blocking access to professional careers fcr the vast 
majority of those who enroll. (P. xi) 





, - ,  
they are reasonably intelligent students. If 'he ~ i s ~ : c _ ~ z ~ ,  

the other discipline, has any kind of mathematical tbL:n:~i:.- 

at all, then they want them to come through here because zk-ey 

filter out the people who can't think mathematically.w -he 

instructor s comments were reminiscent of the discussion k,, 

Steen (1986) on using the calculus course to develc~ 

mathematical maturity. 

A typical student experience with Math 151 is t::~: rhey 

are compelled to take the course; they have no sense s: ~p., 

this course is relevant to the work in the fj.elds ir, --"'-i. A 

they are truly interested; and it seeF.s as if t5ey are kei7.7 

made to jump through a very high hoop in order zo pr>-~~e 

they are worthy of studying subjects they wish. 



this is what you are qoing to end up w i t h . "  

were with trigonometry; for others it was wizh iogarit-rs. 

student commented on his background in logarithns and 

exponential functions: 

One topic explicitly designated as review by t k e  

~~~~~~~t~ seemed to be problematical for many rr,embers ?i 

class. 

There were some pieces of mathematics that t h e  

simplifying radical expressions, the values c' trigono~err~c 
7t 

functions for special angles such as 6, solving bicsan- - -+  - - c ~ : c  



e q u a t i o n s  t h r o u g h  s u b s t i t u t i o n ,  a n d  e v a l u a t i o r .  af e : y : s r ~ s s l c r ~ c  

w i t h  r a t i o n a l  e x p o n e n t s .  

A l o t  o f  t h e  p r o b l e m s  I found w e r e  t h e  gobs o f  r u s f ;  p3r 
j u s t  i n  r e m e m b e r i n g  t h e  a l g e b r a ,  b u t  i n  g e t r i n g  s s e 2  t 2  
s i t t i n g  down i n  a  c o n c e n t r a t e d  f a s h i o n  a n d  w h i s ~ l l r , ~  
a  b u n c h  o f  c a i c u l u s  p r o b l e m s . . . . W e l l ,  c e r t a i n l y  t h e  
a l g e b r a  p r e s e n t e d  some d i f f i c u l t i e s ,  b e c a ~ s e  ic h a d  h e e n  
s u c h  a  l o n g  t i m e  s i n c e  I ' d  d o n e  i t .  O n  t h e  o t h e r  h a n d ,  
I t h i n k  i t ' s  f a i r  f o r  a  p r o f e s s o r  i n  a  c o u r s e  t o  a s s u n ?  
t h a t  a  p e r s o n  who t a k e s  it h a s  t h e  n e c e s s a r y  
p r e l - e q u i s i t e s .  I d o n ' t  t h i n k  Y O U  c a n  b u i l d  i n t e  t h e  
c o u r s e  a  l a r g e  amount o f  review t i m e .  



P e r s o n a l  I n t e r a c t i o n  

D u r i n g  t h e  p i l o t  s t u d y ,  1 Was c o n c e r n e d  w l t h  hc7,.; S Q  ~ L - P -  

o f  my o b s e r v a t i o n s  d e a l t  w i t h  t h e  b e h a v i o u r  o f  t h e  l e c r u r e r ,  

r a t h e r  t h a n  t h e  s t u d e n t s .  T h i s  p r e p o n d e r a n c e  cf d a t a  a @ o u t  

t h e  i n s t r u c t o r ' s  a c t i v i t i e s  c o n t i n u e d  t h r o u g h c c t  t h e  5,211 

s t u d y .  c o n c l u s i o n  i s  t h a t  t h i s  a c c u r a t e l y  r e f l e c t s  t h e  

i m b a l a n c e  i n  a c t l v i t y  b e t w e e n  t h e  t e a c h e r  a n d  t h e  l e a r n e r  i- 

t h i s  s i t u a t i o n .  



D u r i n g  c l a s s  t inne ,  t h e  s t u d e r t s  were e f f e c t i v e l y  pzss:;:~. 

a n d  i s o l a t e d .  T h e  i n s t r x c t o r  f o r  t h i s  c l a s s  c i id ,  on r a r , y  

o c c a s i o n s  a n d  p a r t i c u l a r l y  i n  t h e  e a r l i e r  p a r t  c5 t h e  = e r r ,  

s e e k  s t u d e n t - i n s t r u c z c r  i n t e r a c t i o n  b y  a s k i n q  ques:i-r.c 

t h r o u g h o u t  h i s  l e c t u r e .  T h i s  d i d  n o t  e n c o u r a g e  s t u d e 7 : ~ -  

s t u d e n t  i n t e r a c t i o n .  

O f  t h e  s t u d e n t s  i n t e r v i e w e d ,  t h o s e  who a t t e n d e d  eke 

l a t e r  t u t o r i a l  s e s s i o n  w h i c h  h a d  o n l y  t h r e e  o r  f o u r  s t ~ : d e ~ , : s  

f o u n d  it t o  b e  a much m o r e  p o s i t i v e  e x p e r i e n c e  t h a n  r h e  

e a r l i e r  t u t o r i a l  s e s s i o n ,  w h i c h  was a t t e n d e @  by t e E  ~2 

s e v e n t e e n  s t u d e n t s .  T h o s e  s t u d e n t s  who a t t e ~ d e d  t h e  rqat?. :sb 

on  t h e  B u r n a b y  M o u n t a i n  campus  were e v e n  m o r e  e n t h u s i a s t ; c  

a b o u t  t h e  s i t u a t i o n .  A p r o m i n e n t  f a c t o r  i n  k o x  y h e  

r a t e d  t h e s e  s e s s i o n s  was  t h e  amount  o f  i n d i v i d u a l  at:enti,2:, 

t h e y  r e c e i v e d .  

~ l t h o u g h  t h e  s t u d e n c s  v a l u e d  p e r s o n a l  c o n c a c t  w i t ?  E > ~ ~  

e x p e r t s ,  w h e t h e r  it was  t h e  i n s t r u c t o r ,  t e a c h i r , g   assist^^: 2r 

t h e  g r a d u a t e  s t u d e n t s  on  d u t y  a t  t h e  Math  L a b ,  t h e r e  were 

b a r r i e r s  t o  g a i n i n g  a c c e s s  t o  t h e m .  One b a r r i e r  was  :Fie 

- m a t t e r  o f  t r a n s p o r t a t i o n  a n d  t h e  o f  a v a i l a b i l i t y .  r~~ 

it was a  s u b s t a n t i a l  commitment  i n  t i m e  t o  g c  tc t h e  y,ai: 

, , campus  d u r i n g  t h e  d a y .  A n o t h e r  b a r r i e r ,  e s p e c i z l l y  cur :n~  

t h e  l e c t u r e  a n d  t u t o r i a l  S ~ S S ~ O ~ S ,  w a s  t h e  number  cf c:her 

s t u d e n t s  s e e k i n g  zccess  t o  t h e  e x p e r t s '  t i m e .  



This was a small class of approximately txenty sz.~der,zs. 

During the breaks and immediately before and afrer z : ? ~  

lectures a number of ~ h e  students had shown themselves ~2 k 1  

naturally gregarious. The course was sufficierzly 

with others in the class 

Some students attempted to establish connectio~s : ~ i r _ h  

other students, but these connections failed for s variety cf 

reasons. One student got in touch with another to 5:cci:ss 

the assignments, but, as she said, "I found :hat she 

certainly knew what she was doing, but it was j u s z  ccc 

abstract. Sometimes I find it distressful when ::Is ever, 

had obtained the telephone numbers of two of her classxates, 

but she failed to contact them because she felt she haQ 

not be their concerns. 

did not lend itself t3 establishing work groups aT,z-q 

students. One said: 

part of it is because it's like going icts first y e a r  
7 . .  university. When you take classes parr,-time, it's 

going into first year university into the  firs^ class, 
because you don't know anybody. You seldom see people 
that you have seen before. And because yoc are ~srkir.2, 
especially if you are working, you can only ge for tkle 
class. So you tend not to establish relaticnships t h a ;  
you can sit down and work. Whereas, in university, 
people in the same class, first thing you kcox v c x 1  re 



s i t t i n g  i n  t h e  l i b r a r y  t o g e t h e r .  You a r e  d a i n g  , h i s  ~r 
t h a t .  Your h a v e  some c h a n c e  t o  b u i l d  u p  r e l a t i o r . s k A < p s  

, - a n d  work w i t h  p e o p l e .  More d i f f i c u l t ,  I t h i n k ,  I: yo2 
a r e  t a k i n g  c l a s s e s  p a r t - t i m e .  

5 - . p v - .  c l a s s  t o  t h e  c o m p e t i t i v e  n a t u r e  o f  t h e  s t u d e n t s .  - -  v - - v  

s u c c e s s f u l  s t u d e n t  f e l t  some o f  h e r  c l a s s m a t e s  rese2:ei Ze r  

-7- 5 f o r  h e r  s u c c e s s  a n d  a c t i v e  p a r t i c i p a t i o n  i n  t h e  c l a s s .  Y:._ 

a c t e d  a s  a  b a r r i e r  t o  d e v e l o p i n g  r e l a t i o n s h i p s  wi tp-  : tker  

s t u d e n t s .  A n o t h e r  s t u d e n t  commented t h a t ,  " I t  i s  i r  ~ 7 - e  

P e d a g o g i c a l  i s s u e s  d i d  n o t  d o m i n a t e  t h e  e a r l y  pzr:  2: 

c a l c u l u s  r e f o r m  d e b a t e ,  b u t  some o f  t h e  m o r e  r e c e n t  r e f ~ j - 5  

p r o j e c t s  h a v e  c e n t e r e d  on  t h e s e  i s s u e s  ( T u c k e r ,  199C). 

p a r t i c u l a r ,  c o o p e r a t i v e  i n t e r a c t i o n  among s t u 3 e n t s I  

i n s t r u c t o r s  a n d  t e a c h i n g  a s s i s t a n t s  h a v e  p r o d u c e d  go-d 

i n i t i a l  r e s u l t s  i n  s t u d e n t  l e a r n i n g  a n d  a t t i t u d e s  

( S c h w i n g e n d o r f  h D u b i n s k y ,  1990). 

The Wlde V a r i e t v  o f  M a t h e m a t i c a l  S k l l ; s  

g e o u i r e d  o f  t h e  S t u d e n t  i n  t h e  C s u r s e  

02 s e v e r a l  o c c a s i o n s  i n  my f i e l d n o t e s ,  I o b s e r v e s  I J ; : : ~  

some a s t o n i s h m e n t ,  t h e  diversity o f  t h e  m a t e r l a l  be:r~ 

p r e s e n t e d  t o  t h e  s t u d e n t s .  O f t e n ,  s e v e r a l  w l d e l y  c;verGec- 

a s p e c t s  o f  m a t h e m a t i c s  w o u l d  be a l l u d e d  t o  iR a  single t-vqp- 

h o u r  l e c t u r e .  F o r  e x a m p l e ,  d u r i n g  t h e  c l a s s  on  O c t o b e r  15, 



the lect~rer covered the concepts and definitiens 2f ::c,: 

extrema and critical points; differentiation techniques ;,;er? 

used to identify critical points; absolute e:<trema were 

defined and c3nLrastec with relative extrema; tke s c a z ~ n e - ~ ~  

, . of ~ o l l e ' s  and the Mean Value Theorems were civen, w;rn 

incidental inLroduction of existential quantifiers; s-:?,:.~ 

commentary on the nature of existence proofs was offere5; 

and, when the Mean Value Theorem was applied to a 

trigonometric funccioc, differentia~ion, the s c l u t i s r  ;f 5 

trigonomezric eqcation, and the use of a sc?entific 

calculator to evaluate an expression involving trisor?~err<: 

functions using radiar. measure all came into play. 

Throughout the course "plug and chug" techniques of 

, ~ formal differentiation required a certain facility w::~ 

algebraic manipulation. These techniques cor:sLixxted 6 

significant portion of the tasks on which stcde~ts were 



( V  x E (a, b) ) (f' (x) < 0) * (f is decreasing oz [a,b] ) . Pse? 

, , , . intervals, closed intervals, miversal quantlflers, r;.a:rrl 

implication and set membership all contained in si~,=:e 

application of the derived function. Distinctio~s (s?p,szi~?s 

subtle) were nade between open intervals and closed 

intervals, one-sided limits and limits, differenti~Lil::.~- S ~ Q  

continuity, increasingidecreasinq and strictly 

increasing/decrea~ing. 

The students were introduced to a substantial ar.o.::t :f 

new vocabulary. For example, they were reqhirec ro 

distinguish between polar and parametric represer,tazions ,:f a 

curve; critical points and local exzrema; local a-ci a k s - l . . + -  A '- c 

extrema;concavity and monotonicity; antiderivatives 

integration. 

The role of proofs in the course was never made 5 ~ 1 : ~  

clear. proofs of moderate rigour were offered oEe z i ~ , e  2x5  

"convincinq arguments" supported by diagrams were offered 2: 

another time. One question On the final examina-,izz, SF. E-6 

. . .  verification of a limit, was the only time students :.;ere ?Le-z 

responsible for creating proofs. The instructor spoke aboat 

aspects of proof theory: the structure of "if-then" 

statements, converses,and the nature of exlsterce crcsfs 

while explaining the Mean Value Theorem and cn tsctics fcr 

creating proofs. The instructor's meta-comments szct as, 

 ere's a little proof. How do YOU prove anythizg  he?. yc; 



have an equation?", offered an apprenticesnic for the .ucc.,;:; 

be mathematics student. Such material was nst offici~::;. 

part of the course content, however. 

The student was expected to be able to nave ccr.fzrzak:-.- 

~ - '  

from pencil and paper computations zo using scient::;~ 

calculators for iterative procedures (as in Newton's p.1etk~,~5i. 

Students were expected to be able to evalua~e crigcn:~,e:r:~ 

functions in radian mode and to evaluate expressions K:E;~, 

rational exponents using handheld calculators. At t5.e saye 

time they might be required to simplify an algebraic 

expression using pencil and paper or compute a formal 

derivative. 

Among the applications of calculus for which the 

students were responsible were related-rates word ?robleys; 

exponential growth and decay problems; curve-sketc9ing; 

physics problens (position-velocity-acceleracicr. cf z 

particle moving in one dimension); and some numerical 

analysis (linear approximations using differentials 223 

Newton's Method for finding Zeros). Notable f o r  ~ h e l r  

omission from the course Were applications from client 

disciplines such as economics, the social and the l i f e  

sciences. sections in the text specifically zargertiy.2 t>.s:_ 

types of applications were omitted. Calcul-~s was preser.ter; 

as a tool for solving mathematical problems. 



- ,- - In a  s i n g l e  s e c t i o n  o f  t h e  t e x t  o r ,  e q u i v c l e r . ~ ; ; . ,  :A. 

s i n g l e  h o u r  o f  l e c t u r e ,  t h e  s t u d e n t s  c o u l d  be e x p a s e e  ~2 , 
t e c h n i q u e  h i t h e r t o  unknown t o  t h e m  w h i c h  was  E h e z  a c c l i e z  

a  m a t h e m a t i c a l  p r o b l e x .  T h i s  t e c h n i q u e  c o u l d  be Sac!<e5  -? 

w i t h  t h e o r y  l z d e n  w i t h  n o t a t i o n ,  v o c a b u l a r y  a n 8  p r e c i s e  ;sc 

o f  l a n g u a g e .  S c c h  a  t o p i c  was t h e  u s e  o f  d i f f e r e n t i a l s  t2 

c r e a t e  l i n e a r  a p p r o x i r 1 a t i o n s  o f  f u n c t i o n s .  F a s t  s t u 5 e n t s ,  iT. 

t h i s  a g e  o f  r e a d i l y  a c c e s s i b l e  s c i e n t i f i c  c a l c c l a t c r s ,  -fl;o.;l= 

n o t  i m m e d i a t e l y  see t h e  v a l u e  o f  l i n e a r  a p p r o x i m a z i o r s .  

N e i t h e r  w o u l d  many o f  t h e m  u n d e r s t a n d  t h e  i n s t r c c t c r  s 

e x p l a n a t i c n  t h a t  6 y  was a  f u n c t i o n  o f  t w o  i ~ d e p e s d e c z  

v a r i a b l e s ,  x a n d  d y .  

W i t h  s o  many t h e m e s  b e i n g  e x p o u n d e d  i n  o p e  c o c r s e ,  '_: 

u n d e r s t a n d a b l e  t h a t  t h e  s t u d e n t s  w o u l d  f o c u s  t h e i r  e n e r g i e s  

on w h a t  t h e y  u n d e r s t o o d  t o  be t h e  e x a m i n a b l e  a s p e c t s  cf t h e  

m a t e r i a l .  j u s t  w h a t  t h e  s t u d e n t s  w e r e  t o  be a c c o u n t a b l e  f c r  

i n  t h i s  c o u r s e  was a  t o p i c  o f  d i s c u s s i o n  t h a t  t o o k  u s  

- .  
c o n s i d e r a b l e  time a n d  e n e r g y ,  b o t h  on  t h e  par:  o r  :ne 

i n s t r u c t o r  a n d  t h e  s t u d e n t s .  

The c a l c u l u s  r e f c r m  l i t e r a t u r e  h a s  b e e n  d c m i n a t e d  

c u r r i c u l u m  i s s u e s  ( F e r r i n i - M u n d y  & Graham,  1991), ss t h a t  5: 

i s  n o t  s u r p r i s i n g  t h a t  much o f  w h a t  I e n c o u n t e r e d  i n  t i i s  

s t u d y  h a s  b e e n  d i s c u s s e d  i n  g e n e r a l  t e r m s  i n  p r i e r  

l i t e r a r t u r e .  



Epp ( 1 9 8 6 )  s p e a k s  t e l l i n g l y  a b o u t  t h e  c h a l l e n g e s  f,ce= 

by s t u d e n t s  a s  t h e y  e n c o u n t e r  m a t h e m a t i c a l  r i g s u r  f o r  r h ~  

f i r s t  t i m e .  She  p o s e s  a s  a  q u e s t i o r  w h e t h e r  c a l c x l u s  >e 

t a u g h t  o n l y  a t  t h e  l e v e l  a t  w h i c h  mos t  s t u d e r t s  w c u l 6  s c ~ ~ e 3 d  

o r  s h o u l d  it be ~ a u g n t  a t  a  l e v e l  w h e r e  s t a n j a r c i s  of 

m a t h e m a t i c a l  r i g o u r  a r e  m a i n t a i n e d .  H e r  a n s w e r  i s  :- a c c ? ~  2 

middle  g r o u n d  a n d  t o  d e v e l o p  t h e  r e q u i s i t e  m a t h e r n a t i z a l  

s i t u a t i o n  i n  t h e  s t u d e n t s .  

W h i l e  Epp f o c u s e s  on  m a t h e m a t i c a l  r i g o u r ,  Lax  ( 1 9 9 6 2 )  

s p e a k s  o f  c e n t e r i n g  t h e  c a l c u l u s  c o u r s e  on  a ? p l i c a t i o n s  a c z  

n u m e r i c a l  m e t h o d s .  Renz (1986b) w o u l d  s p l i t  t h e  c a l c c l u s  

i n t o  a c a r e f u l  a n d  r i c o u r o u s  i n t r o d u c t i o n  t o  t?ie  r r . s ~ k e : r , a t i c s :  

foundat-ops o f  c a l c u l c s  a n d  a  c o u r s e  w h i c h  er r !phas lzes  

t e c h n i q u e s  a n d  ConCePzs -  

W i t h  t h e  l a c k  o f  c o n s e n s u s  among t h e  c u r r i c u l s r ,  

r e f o r m e r s  a s  t h e  p r o p e r  f o c u s  o f  a  c a l c u l u s  c o u r s e ,  i t  i s  

l i t t le w o n d e r  t h a t  t h e  c o u r s e  t r i e s  t o  a c c o m p l i s h  z c o  m c - 5 .  



T h e r e  was  c a n s e n s u s  i n  t h e  o p i n i o n s  o f  t h e  stcc3en:sl 

i n s t r u c t o r  a n d  r e s e a r c h e r  t h a t  t o o  much m a t e r ~ z l  was  :- ce 

c o v e r e d  in t h e  time a v a i l a b l e .  One s t u d e n t  s ~ c t e c :  

I am f r u s t r a t e d  a t  t h e  t i m e f r a m e  t h e y  a l l o w .  Vcu n e v e r  
r e a l l y  g e t  a  c h a n c e  t o  e x p l o r e  a n d  i n t e r - r e l a t e  s o ~ e  - 5  
t h e s e  c o n c e p t s  a n d  see w h e r e  you  c a n  g o  w i t h  t h e y .  The 
t i m e f r a m e  a i d  n o t  p e r m i t  t h i s .  T h i s  was  o n e  cf -.- . \I 

d i s a p p o i n t m e n t s  w i t h  t h e  c o u r s e .  

A n o t h e r  s a i d  a b o u t  t h e  p a c i n g  o f  t h e  c o u r s e ,  "1: -.~a s r. ' r 

a  u n i f o r m  p a c e .  I t  g o t  v e r y  h a i r y  t o w a r d s  t h e  e n d ,  z 2 v e r ; r z  

c h a p t e r s  i n  h a l f  a  t w o - h o u r  l e c t u r e . "  Yet a r . c t h e r  s,l,rjer.= 

commented,  " I t  seems s t r a n g e  t o  m e  t h a t  t h e  c c c r s e  i s  s e t  2r 

m a t h  t o  s u r v i v e  l t ,  b e c a u s e  it g o e s  s o  f a s t . "  The 1 ~ ~ ~ r - c t - r  

c l a s s ,  151, i s  t h a t  it  i s  s o  jammed w i t h  m a t e r i a l .  ?:.\. 

f e e l i n g  i s  t h a t  t h e r e  s h o u l d  be more  t i m e  f o r  i t . "  

The t o p i c s  a t  t h e  e n d  o f  c h a p t e r  6 ( h y p e r b o l i c  f u n c ~ i z z s  

a n d  l 1 ~ 6 p i t a l ' s  r u l e )  a n d  i n  c h a p t e r  9 ( p a r a r e t r l c  a c z  c z l z r  

r e p r e s e n t a t i o n  3f c u r v e s )  w e r e  d e a l t  w i t h  h a s t l l y  a n c  

s u p e r f i c i a l l y .  T h e s e  t o p i c s  were c o v e r e d  a f t e r  t h e  s e : ~ ? ~  

m i d t e r m  a n d  showed u p  on t h e  f i n a l  e x a r . i n a t i c r  i n  t h r e e  

q u e s t i o n s .  some s t u d e n t s ,  when i n t e r v i e w e d ,  C C L ; ~  n ~ z  eT2er  



c o n c e p t s  ~ n  t h e  t o p l c s .  The m o s t  s u c c e s s f u l  s t d d e n t  :r :Ke 

c l a s s  commented on t h e  h y p e r b o l i c  t r l g o n o m e t r ~ c  f u n c t l - 7 s :  

I h a v e  n o  i d e a  wha t  t h e y  l o o k  l i k e .  I t  x o s  ve rk-  ~ , c c k  
a k i n  t o  wha t  w e  d i d  i n  h i g h  s c h o o l .  L e a r n  how. ;fijFAickA is 
f i n e  f o r  m e .  I memor ize  q u i c k l y .  I c a n  l e a r n  t h e  
d e r i v a t i v e s .  B u t ,  f rom w h a t  I g a t h e r ,  t h a ~ ' s  n o z  
e x a c t l y  t h e  p o i n t .  SO why? 

The s e c o n d  most  s u c c e s s f u l  s t u d e n t  o b s e r v e d :  

B e c a u s e ,  c o v e r i n g  t h r e e  s e c t l o n s  a  l e c t u r e  t 3 x a r 2 s  ?re 
e n d ,  i t  was j u s t ,  ' O k a y ,  I h a v e  t o  b e  a b l e  rs d o  ::e 
s i m p l e s t  o f  questions. One o f  e v e r y t h i n g .  E x c i o r : r ~  1z 
w i l l  h a v e  t o  come l a t e r . '  

The pacing o f  t h e  C o u r s e  was u n e v e n .  Tne l n s t r u c : ~ ~  

b e g a n  s l o w l y  t o  b r i n g  s t u d e n t s  "on b o a r d "  w i t h  r e s p e c :  tG t2e 

a s s u m e d  prerequisite b a c k g r o u n d  i n  m a t h e m a t l c s  a n d  to 

f a c i l i t a t e  t h e  s t u d e n t s '  s o l i d  g r a s p  on t h e  Sas:c c o n c e z t s .  

The p r e s e n t a t i o n  o f  t h e  m a t e r i a l  b e g a n  t o  seeT m3re 

r u s h e d  " s o m e t i m e  a r o u n d  N e w t o n ' s  m e t h o d "  i n  t h e  c p ~ ~ i 3 ~  2: 

some s t u d e n t s .  T h e r e  was universal a g r e e m e n z  t h a t  t:e 

i n s t r u c t o r  sprinted t h r o u g h  t h e  m a t e r i a l  i n  t h e  l a t t e r  car: 

of c h a p t e r  6 a n d  i n  c h a p t e r  9. This r u s h  a t  t h e  e n d  evcl<ez a  

s e n s e  o f  p a n i c  i n  some s t u d e n t s  a n d  a  c y n l c a l  " w 2 a t  :s t -e  

minimum I n e e d  t o  knox"  a t t i t u d e  among o t h e r s .  

The amount  o f  m a t e r l a l  i n  t h e  c o u r s e  left n o  tine :cr 

r e c o v e r y  if e v e n t s  c a u s e d  a  s t u d e n t  ( o r  t h e  l n s t r J c t ; r ,  7- 

f a l l  b e h i n d .  I l i n e s s ,  d o m e s t i c  u n r e s t  a n d  j c ~ - r e l a t e c  



absence and fatigue all had an impact on various members of 

the class. The pace cf the course was such that those ~ h z  

fell behind felt they had to make extraordinary efforts t- 

catch up or at least ciose the gap. Students finding 

themselves behind in this course faced double-jeopard~: 

catching-up and keeping-up. Concept assimilation time wzs 2: 

a minimum, as was exploratory investigation time. 

In the opinion of at least one student, this relen~less 

pace was characteristic of mathematics and science courses, 

but not university courses in general. She s a l d :  

I found that with humanity courses, with the Engllsn, 
philosophy or even the linguistics in the sumper, hT;:k 
those types of courses YOU could get lost for 2 ::c=le 
while, or something would happen, and you could recover. 
~ u t  when it came to a science or math course, I felz 
that, unless you were with it all the time, every day 2r 

week, as soon as something happened and you iose grip 2r 

time, it was impossible to recover. 



Conclusions and Recommendations 

Although the goals of this study were descriptive rather 

than prescriptive, my experiences have led me zo a p~r,ber cf 

conclusions and recommendations that I believe would be af 

benefit to the calculus student. 

The purpose of the course is not clearly a r t '  ~ l c u l a ~ e d  2nd 

communicated to the students. Currently, it is cnders~c26 by 

most of the participants that the purpose of the universit, 

calculus course is to weed out the mathematicaily less able 

students from oversubscribed majors. The stildent percepcicr. 

of the intended role of this course is that calcuius is meant 

to be a barrier they must pass. If there are other purposes 

to be served, then they are not clear to the particip~~ts iT. 

the course, especially the students. The first year sf 

university calculus has an image problem with students. 

  hose responsible for the design of the calculus -c>drse 

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 

a manner which they can understand should be a priority :as;< 

at the beginning of the Course. The stated goals of the 

course must be consistent with the actual purpcses of ~ > e  

course. 

 NO^ enough attention is paid to the demands this ccur~e 

makes on the mathematical maturity of the students. 'This 



refers to more than just the background skilis and knowledge 

of school mathematics which are explicitly staced 

prerequisites. Precise mathematical statements, use 9: 

mathematical symbols and vocabulary, elements of proof thezr  Y 

are introduced incidentally and frequently thrcugho~t :he 

course, but are not part of a typical high schcol ccrric.21-3. 

Where and when were the students supposed to have 

acquired a background in these aspects of mathematical 

endeavor? To what extent is it a goal of this course z h a ~  

the students should be taught this material? If this is one 

of the goals of this course, then to what extent in the 

evaluation scheme are the students held responsible for cne 

material? Perhaps the formal aspects of mathematical languzqe 

and reasoning should be de-emphasized in this coarse and maje 

the central topics of another introductory mathematics 

course. 

~t whatever stage and level the student is exposed ts 

mathematical rigour, it is not appropriate to assume that t3e 

students will pick it up as they go along. Some s:caents -$:ha 

would otherwise do very well in such Courses will be 

unsuccessful because they need time to construct xhe n e w  

knowledge. Other students will appear to be successful in 

assimilating these concepts, but will have established po2rly 

ideas which may cause them even more difficulty 

later on in their education. 



The c o u r s e  a s  i t  i s  c u r r e n t l y  p r e s e n t e d  c c  t h e  s t x 8 e - , =  

h a s  a  s t r o n g  " s u r v i v a l  o f  t h e  f i t t e s t "  q u a l i c y  t o  i t .  ~ k . 2  - 
p o t e n t i a l  f o r  s t u d e n t  s u c c e s s  i n  t h i s  c o u r s e  s h o u l d  be 

f a c i l i t a t e d  r a t h e r  t h a n  h a v i n g  t h e  c h a l l e n g i n g  aspects 

e x a c e r b a t e d  . The " s i n k  o r  s w i m "  s y n d r o m e  s h o u l d  be r e e u c e 5 .  

I be l i eve  t h i s  c a n  be a c c o m p l i s h e d  t h r o u g h  t h e  a c t i v e  

e n c o u r a g e m e n t  o f  p e e r  i n t e r a c t i o n  a n d  c o o p e r a E i o n ;  t h e  

e s t a b l i s h m e n t  o f  g r e a t e r  o p p o r t u n i t y  f o r  s t u d e r t - i n s t r ~ c t o r  

i n t e r a c t i o n ,  w i t h  t h e  r o l e s  t a k e n  b y  e a c h  b e i n g  more  e q - j a l ;  

a n d  b y  e x p a n d i n g  t h e  r o l e  o f  t h e  m a t h  l a b  i n  s t u d e n t  : e a r r i n g  

w h i l e  d e c r e a s i n g  t h e  u s e  o f  t r a d i t i o n a l  t u t o r i a l  sessi3rs .  

~ o l l o w i n g  t h e  o p i n i o n s  p r o f f e r e d  i n  t h e  c a l c x i l ~ s  reforF, 

movement ,  I w o u l d  a r g u e  t h a t  t h e  f i r s t  c a l c u l u s  c o u r s e  i s  

, - e x t r e m e l y  i m p o r t a n t  i n  e s t a b l i s h i n g  a t t i t u d e s  o f  p o t e n z l s _  

m a t h e m a t i c i a n s  a n d  s c i e n t i s t s .  B e c a u s e  o f  i t s  i m p a c t  (zn 

s t u d e n t s  who w i l l  t a k e  u p p e r - l e v e l  m a t h  a n d  s c i e n c e  c o u r s e s ,  

t h i s  c o u r s e  s h o u l d  h a v e  p r o p o r t i o n a t e l y  g r e a t e r  r e s o u r c e s ,  

e s p e c i a l l y  w i t h  r e s p e c t  t o  i n s t r u c t o r s ,  t e a c h i n g  a s s i s t a ~ ~ r s  

a n d  i n s t r u c t i o n a l  t i m e ,  d e v o t e d  t o  i t .  

T h e r e  i s  t o o  much m a t e r i a l  t o  be c o v e r e d  i n  t h i s  e o _ r s e  

if  it i s  t o  be a n y t h i n g  o t h e r  t h a n  a n  a c a d e m i c  f i l t e r .  T ~ E  

s t u d e n t s  v o i c e d  t h e i r  f r u s t r a t i o n  w i t h  o r  t h e i r  c y n i c a l  

a c c e p t a n c e  o f  t h e  f a c t  t h a t  much o f  t h e  m a t e r i a l  r e m a i n e d  

o b s c u r e  t o  t h e m ,  e v e n  a f t e r  t h e y  h a d ,  b y  t h e  e v i d e n c e  cf 

t h e i r  g r a d e s ,  s u c c e s s f u l l ~  c o m p l e t e d  t h e  c o u r s e .  T h e r e  



should be sufficient time for the better students ic E ; T ~ ~  

course to feel they have gained mastery of the central 

concepts. The survey cf functions, such as the hyperbclic 

trigonometric functions, and various representatior c 5 

curves, such as polar and parametric representations, shgx;d 

either be moved forward to the courses where they w ~ ~ : ~  SE 

more fully developed cr they should be fully integrated i-t3 

~, this course. If they are to have an expanded role ir, ::-:s 

course, some other topics should he deleted, cieiaye5 zz de- 

emphasized. 

Several of the preceding recommendations coxid be 

successfully implemented through a judicious use of 

inexpensive, readily accessible technology. Innovati~~e 

calculus curricula is being developed and taught ig the 

context of extremely sophisticated technology (Tucker, ; 9 9 ~  ) , 

but it is oossible to make significant changes  sing 5zfid- 

held calculators that are readily available to high schc3: 

students. calculators which are capable of graphing 

functions in both rectangular and polar forms, are 

programmable, and can calculate numerical derivatives allax 

the student to explore concepts numerically and gra?hizal:y. 

The study of calculus could easily become one cf infernal 

concepts which become tools for problem solving. "orma1 

symbol manipulation could be de-emphasized and precise 



language and exact re~soning could be better learned 5 2  =he 

context of an analysis course. 

The capabilities of current calculators ccclc t r a r . c f  - r ~  

the calculus classroon from a traditional, only m3dera;ely 

successful "transmission of knowledge" environment to 3 . e  

where the student explores and constructs his cr her 

understanding of the central CORCeptS, consequently 9aiy.inc 

ownership of this knowledge. Much of what wo,aid be losx ir 

5 .  , ?  switching to such technology would be a facility wlt? ?e---- 

and paper techniques whose relevancy must be scspecc 5 2  acj .  

case. 

T h e  R e l e v a n c e  of t h i s  Study t o  the  C a l c u l u s  R e f o r m  E f f o r t  

Throughout much of my fieldwork I emphasized the 

7 ~ participant role at the expense of the observer role. - na5, 

however, a perspective on the situation that none of the 

other participants had. I was particularly seP.sitive tc 

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 3n 

calculus instruction and curriculum that were cnlikelv tz 

occur spontaneously to my classmates. 

I shared many experiences with my classmates and, as 

confirmed in conversation with them, we often had similar 

reactions to situations. 1 had a different perspeczive 



t h e y  d i d ,  h o w e v e r ,  a n d  a  d i f f e r e n t  r e a s o n  f o r  b e i n g  there. 

- .  C o n s e q u e n t l y ,  I a r r i v e d  a t  a  number  o f  c o n c l z s i o n s  :?La: +;z,_a 

n o t  o c c u r  t o  someone  ~ h o  was s t r i c t l y  a  s t u d e ~ t  i r  +-.-:- - - L A . >  

c o u r s e .  

One o f  t h e  s t r o n g e s t  c o n c l u s i o n s  I came t o  h o l d  was  rp-ar  

t h e  i m p e t u s  f s r  c h a n g e  i n  t h e  c a l c u l u s  c l a s s r o o m  wcc:d 2 3 ~  

come f r o m  t h e  s t u d e n t s .  A l t h o u g h  t h e  s t u d e n t s  were 

f o r t h c o m i n g  i n  t h e i r  d i s s a t i s f a c t i o n  w i t h  marLy a s p e c z s  o f  

t h e i r  e x p e r i e n c e s  t h r o u g h o u t  t h e  c o u r s e ,  n o n e  sf t k e ~  :,?as 

c o m m i t t e d  t o  r a d i c a l  c h a n g e .  I n  S e v e r a l  i n s t a n c e s ,  :he 

. , s t u d e n t s  a c c e p t e d  t h e  b l a m e  f o r  t h e i r  l a c k  o f  s u c c e s s  iy. ---ls 

c o u r s e .   hey b e l i e v e d  t h a t  t h e y  h a d  n o t  w o r k e d  k a r 5  enausp: 

o r  w i t h  s u f f i c i e n t  e f f i c i e n c y  t o  s u c c e e d .  Ncne o f  t % e ~  f e l r  

t h e y  h a d  t h e  e x p e r t i s e  t o  P r u n e  t h e  s y l l a b u s  a l t h o u g h  m s s t  

f e l t  t h a t  t h e r e  w a s  t o o  much m a t e r i a l .  S i g n i f i c a n t l y ,  ths 

most common s u g g e s t i o r  was t o o  i n c r e a s e  t h e  arr.ocnt 2 5  

i n s t r u c t i o n a l  t i m e  r a t h e r  t h a n  d e c r e a s e  t h e  c o u r s e  ccnze;:. 

S t u d e n t s  c a n  i n f o r m  U S  o f  t h o s e  f a c t o r s  i ~ .  a  c a l c ~ l . 2 ~  

c o u r s e  t h a t  m i g h t  b e n e f i t  f r o m  r e f o r m ,  b u t  ~ h e  a c t u a l  

i n i t i a t i v e s  w i l l  h a v e  t o  come f r o m  t h e  e d u c a t o r s .  

 his s t u d y  b r o u q h t  o u t  f e a t u r e s  o f  t h i s  c o u r s e  whicp. c -  

not r e c e i v e  m ~ c m t t e ~ t i o n  i n  t h e  c a l c u l u s  r e f e r r ,  ~ i t2 ra : . , ; r -  - I 
b u t  h a v e  a  s i g n i f i c a n t  i m p a c t  On t h e  s t u d e n t .  

T h i s  c o u r s e  h a s  e x t r e m e l y  l i t t l e  r e c o v e r y  and 

a s s i m i l a t i o n  t i m e  b u i l t  i n t o  i t .  I l l n e s s ,  f a t i g u e  2 n d  





- .  The c a l c u l u s  c u r r i c u l u m  d e s i g n e r  c a n  be c o n v i n c e c  c: zne  

n e e d  f o r  r e f o r m  by r e a d i n g  t h e  s t u d y .  T h o s e  wha a r e  a l r e a d y  

i n v o l v e d  t h e  re fo r r r ,  e f f o r t  c a n  u s e  t h e  r e s x l t s  2: t h e  

s t u d y  t o  r e f i n e  a n d  f o c u s  t h e  c h a n g e s  t h e y  hoae t o  e f f e z t .  

T h e r e  a r e  i s s u e s  r a i s e d  i n  t h e  s t u d y  w h i c h  n a v e  n o r  a p p e a r e ~  

, - .  p r o m i n e n t l y  i n  t h e  l i t e r a t u r e .  A d d r e s s i n g  t h e s e  i s s u e s  :$-+- 

a l s o  h e l p  i n  t h e  d e s i g n  a n d  i m p l e m e n t a t i o n  o f  b e n e f i c i a l  

c h a n g e s .  

The c l a s s r o o m  i n s t r u c t o r  c a n  u s e  t h e  r e s c l t s  of :>is 

s t u d y  t o  g a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  l e a r ~ i ? ~  

s i t u a t i o n  i n  t h e  ~ l a ~ ~ r o o m .  I n s t r u c t i o n a l  p r a c t i c e s  ca: b e  

m o d i f i e d  t o  f a c i l i t a t e  l e a r n i n g  e v e n  w i t h i n  t h e  t r a d i t l : n a i  

cur r iculum.  ~ u r t h e r m o r e ,  t h e  c l a s s r o o m  i n s t r - ~ c t o r  may f i - d  

t h e  r e s u l t s  a n d  m e t h o d s  o f  t h i s  s t u d y  b e n e f i c i a l  i n  

e s t a b l i s h i n g  a  more  e f f e c t i v e  r e l a t i o n s h i p  with t h e  s t . ~ d e x z s  

in h i s  o r  h e r  c l a s s e s  i n  a  manner  s i m i l a r  t o  t h a t  d e s c r i b e e  

i n  t h e  f o l l o w i n g  s e c t i o n .  





- - Above all, my ~ i m e  "in the trenches" with my fe,,?~ y , e k  

151 students has giver me much greater empathy for s t ~ 5 e c z ~  

everywhere and the challenges they face. 



APPENDIX A 

CHRONOLOGY OF FIELDWORK 

WHEN 

J u l y  1 9 , 1 9 9 1 ;  

8 : 3 0  a . m .  

J u l y  1 9 , 1 9 9 1 ;  

9 : 3 0  a .m.  

J u l y  2 4 , 1 9 9 1 ;  

8 : 3 0  a . m .  

J u l y  2 4 , 1 9 9 1 ;  

9 : 3 0  a . m .  

J u l y  2 4 , 1 9 9 1 ;  

10:OO a . m .  

J u l y  3 1 , 1 9 9 1 ;  

8 : 3 0  a . m .  

J u l y  3 1 , 1 9 9 1 ;  

9 : 3 0  a . m .  

Aug.  2 , 1 9 9 1 ;  

8 : 3 0  a . m .  

Aug.  2 , 1 9 9 1 ;  

9 : 4 0  a . m .  

P i l o t  Project 

WHERE A C T I V I T Y  

A03150 (SFU) l e c t u r e  c b s e r v a t i ~ - s  

K9505 (SFU) d i s c u s s i o n  with 

( C a l c u l u s  L a b . )  i n s t r u c t o r  

A03150 (SFU) l e c t u r e  o b s e r v a t i o n s  

AQ c o r r i d o r  

( C a l c u l u s  L a b .  ) 

~ 9 5 0 5  (SFU) 

( C a l c u l u s  L a b .  ) 

K9505 (SFU) 

( C a l c u l u s  L a b .  ) 

d i s c u c s i o n  with 

i n s t r u c t o r  ( 3 0  

m i n u t e s )  

o b s e r v a t  i o c  

l e c t u r e  o b s e r v a t i o n s ;  

a u d i o  t a p i n g  

o b s e r v a t i o n  a n d  

d i s c u s s i o n  with 

s t u d e n t s  ( 2  h o i ; r s )  

l e c t u r e  o b s e r v a t i o r s ;  

a u d i o  taping 

o b s e r v a t i o n  ( 4 5  

m i n u t e s )  



WHEN 

August 

Sept. 3,1991; 

7:00 p.m. 

Sept.5,1991; 

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. l9,l99l; 

6:30 p.m. 

Sept. l9,l99l; 

7:30 p.m. 

Sept. 19,1991; 

8:30 p.m. 

Sept -24,1991; 

7:30 p.m. 

Sept -26,1991; 

6:30 p.m. 

Sept .26,1991; 

7:30 p.m. 

Sept.26,1991; 

8:30 p.m. 

Pro jec t  

WHERE ACTIVITY 

SFU purchase text 

Sookstore 

1415 HC preliminary observatizns; 

observe lecture (2 h c . i r ~ )  

1700 HC observe lecture (1 hoilri  

1415 HC hand out informed conserr 

forms; observe lecture (2 

hours) 

1510 HC observe/participare 5 -  

tutorial (1 hour) 

1700 HC observe lecture (1 hour) 

1700 HC tutorial sessicn w i ~ h  2 

students, SUT nc teach:?- "3 

assistant 

1415 HC observe lecture (2 kozrs) 

1510 HC observe/participate ir. 

tutorial (1 hour) 

1900 HC observe lecture (1 hocr! 

1515 HC observe/participate in 

tutorial (1 hour) 

1415 HC observe lecture (2 'nocrs) 

1510 HC observe/participate i- 

tutorial (1 hour) 

1700 HC observe lecture (1 hour) 

1515 HC observe/participate i ~ ,  

tutorial (1 hour) 



O c t .  1 , 1 9 9 1 ;  1 4 1 5  HC o b s e r v e  l e c t u r e  ( 2  h o u r s )  

7 : 3 0  p . m .  

O c t .  3 , 1 9 9 1 ;  

6 : 3 0  p . m .  

O c t .  3 , 1 9 9 1 ;  

7 : 3 0  p . m .  

O c t .  3 , 1 9 9 1 ;  

8 : 3 0  p.m. 

O c t .  8 , 1 9 9 1 ;  

7 : 0 0  p . m .  

O c t .  8 , 1 9 9 1 ;  

7 : 3 0  p . m .  

O c t .  1 0 , 1 9 9 1 ;  

7 : 0 0  p . m .  

O c t .  1 0 , 1 9 9 1 ;  

7 : 3 0  p . m .  

O c t .  1 5 , 1 9 9 1 ;  

6 : 4 0  p . m .  

O c t .  1 5 , 1 9 9 1 ;  

7 : 3 0  p . m .  

O c t .  1 7 , 1 9 9 1 ;  

7 : 3 0  p . m .  

O c t .  1 7 , 1 9 9 1 ;  

8 : 3 0  p . m .  

O c t .  2 2 , 1 9 9 1 ;  

7 : 3 0  p . m .  

O c t .  2 4 , 1 9 9 1 ;  

6 : 3 0  p . m .  

O c t .  2 4 , 1 9 9 1 ;  

7 : 3 0  p . m .  

O c t .  2 4 , 1 9 9 1 ;  

8 : 3 0  p.m. 

1 5 1 0  HC o b s e r v e / p a r t i c i p a t e  ir. 

t u t o r i a l  (1 h o c r )  

1 7 0 0  HC o b s e r v e  l e c t u r e  (1 h c ~ r )  

1 5 1 5  HC o b s e r v e / p a r t i c i p a t e  in 

t u t o r i a l  (1 h o u r )  

HC l o c a t e  l e c t u r e  t a p e s  a n d  

L i b r a r y  a s s i g n m e n t  s o l u t i o n  k e y s  

1 4 1 5  HC o b s e r v e  l e c t u r e  ( 2  h o u r s )  

1 5 1 0  HC o b s e r v e / p a r t  l c i p a t e  in 

t u t o r i a l  ( 0 . 5  h o c r ;  a r r i v e e  

l a t e )  

1 7 0 0  HC w r o t e  m i d t e r m  I 

c o r r i d o r s  t a l k  w i t h  s t u d e n t  (45 

HC m i n u t e s )  

1 4 1 5  HC o b s e r v e  l e c t u r e  (2 h o u r s )  

1 7 0 0  HC o b s e r v e  l e c t u r e  (1 h o u r )  

1 7 0 0  HC & o b s e r v e / p a r t i c i p a z e  i p  

? t u t o r i a l  (1 h o u r )  

1 4 1 5  HC o b s e r v e  l e c t u r e  (2 h o l ~ r s )  

1 5 1 0  HC o b s e r v e / p a r t i c i p a t e  i r  

t u t o r i a l  (1 h c x r )  

1 7 0 0  HC o b s e r v e  l e c t u r e  (1  h o c r )  

1 7 0 0  HC o b s e r v e / p a r t i c i p a t e  ir 

t u t o r i a l  (1 h o u r )  
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Nov. 26,1991; 

7:30 p.m. 

Nov. 28,1991; 

6:50 p.m. 

Nov. 28,1991; 

7:30 p.m. 

Nov. 28,1991; 

9:00 p.m. 

Dec. 3,1991; 

7:00 p.m. 

1415 HC observe lecture (2 :?o,r) 

1510 HC observe/participate i- 

tutorial (40 ninutes; 

arrive late) 
a .  

1700 HC observe lecture (L 2 3 ~ ~ )  

Gastown dinner with intruczor, 

teaching assistant an6 tip:c 

students 

1530 HC wrote final examination 



APPENDIX B 

COURSE OUTLINE 



4 Functions ond  Thelr Graphs 
5 Ccinblnatians of Functions 

1.1 The Tangent a n d  Velocity R o M e m  
12 The Lim of a Function 
13 calculofb-g urnns usfng the Limn LM 

21  Derivatives 
22 Differentiation Formulas 
23  Rates of Chonge In the Naturd and 

Social Sclences 
2.4 Derivatives d Trigonometric Functions 
25 The ChoinRule 

The RecIse DefiWn of a Umtt 
c o n w  
Tangents. Velocltles, and Other Rates 
d Change 

lrnplkn Dtfferentiaton 
Higher Derivatives 
Related Rates 
D i e r e n t b k  a n d  Uneor Approximations 
Newton's Method 

Shmfer 3 -The Mwm Value Theorem a n d  Cum 

3.1 Maximum and Minimum VakreS 3.6. lnf inb Urnns; Vertical Asymptotes 
3.2 The Meon Value Theorem 37 Curve S e t c h h g  
3.3 Monotonic Functbns ond the 3.8 &Plied Madmum and Minlmurn 

F d  Derivoti  Ted Problems 
3.4 C ~ W  ond Points of inflection 310 Antiderivatives 
3.5 Limns at Infmw, Hmizonfol Asymptotes 

9.1 Curves Defined by Parametric @Jdh 9.4 P o b r  Coordiiofs 
92 Tangents a n d  Areas' 9.6 ConlcSections 



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 



Simon Fraser Universitv 
MORMED CONSENT BY SUBJECTS TO PAR~ICPATE IN A RESEARCH 

PROJECT 

Note: The University and those conducting this project suscribe to the ethical conduct of 
r e s e a r c h  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 . k .  Gduc.1 candidate, Faculty of Education, 
Simon Fraser University) proposes to do an ethnographic study of the Calculus 15 1 class 
in which you are currently enr0lkdliII~tIU~ting. 

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: 
1) 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) ~ o m a l  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 part or in full, at an" 
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 t&ng L 

part. 
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 University. 
I agree to participate by allowing the n ~ ~ ~ c h e r  to obtain information from me in the ways 
described above during the period from September 3, 1991 through December 3 1, 199 i, 

NAME (Please print): 

ADDRESS: 

SIGNATURE: WITNESS : DATE: 

Once signed, a copy of this consent form will be returned to you. 



R e q u e s t  f o r  E t h i c a l  A p p r o v a l  of R e s e a r c h .  
P a g e  2 ,  I t e m  5 

5 .  ( b )  An INFORMED CONSENT BY SUBJECTS TO P A R T I C I P A T E  I N  I; 
RESEARCH PROJECT form has been dev i sed .  A copy of t h i s  f s r ~  
w i l l  be given t o  each p o t e n t i a l  sub j ec t  i n  t h i s  p r o j e c t  
( i n s t r u c t o r ,  s t uden t s ,  t e ach ing  a s s i s t a n t  ( s )  ) . Signed fcrms 

w i l l  be kept  by t h e  r e sea rche r ,  cop ies  of t h e  s igned  f o r ~ . s  
will be re tu rned  t o  t h e  s u b j e c t s .  

A copy of t h i s  form i s  appended t o  t h i s  r e q u e s t .  
The r e p o r t i n g  of t h e  s tudy r e s u l t s  w i l l  not  use t h e  

a c t u a l  names of t h e  s u b j e c t s ,  but  w i l l  use code a l i a s e s .  The 
aud io  t a p e s  of in te rv iews  w i l l  not  be r e l ea sed  t o  t h i r d  
p a r t i e s  without t h e  w r i t t e n  consent  of t h e  in terviewed 
s u b j e c t s .  

Ma te r i a l s  accumulated i n  t h e  s tudy w i l l  remain i n  t h e  
secure  possess ion of t h e  r e s e a r c h e r .  Ma te r i a i s  w i l l  be 
r e l e a s e d  t o  t h i r d  p a r t i e s  without t h e  w r i t t e n  consent  of -he 
s u b j e c t  ( s )  involved.  

5 .  ( a )  Formal in te rv iews  w i l l  be he ld  with sub jeccs  on 3s 
t o  twelve occas ions .  The purpose of t h e  i n t e rv i ews  i s  t o  
ga the r  d a t a  which w i l l  " r evea l  how p a r t i c i p a n t s  conceive of  
t h e i r  worlds and how they  exp la in  t h e s e  concep t ions" .  
[Goetz, 1984 #211, p .  126 The in t e rv i ews  w i l l  be 

nonstandardized i n  t h a t  a  d i f f e r e n t  sequence and s e l e c t i a n  of  
ques t i ons  w i l l  be employed i n  each i n s t a n c e  depending o ~  ?be  
responses  of t he  in terviewed p a r t i c i p a n t .  

The i n i t i a l  ques t i ons  a r i s e  from i s s u e s  i n  t h e  c u r r e n t  
c a l c u l u s  reform debate and from l e a r n i n g  t h e o r i e s  t h a t  ! -L~ve  
been t h e  focus  of d i s cc s s ion  r e c e n t l y  i n  mathematics 
educa t ion .  Subsequent ques t i ons  develop from p a r t i c i p a n t  
responses .  

Examples of proposed i n i t i a l  ques t i ons  f o l l c w :  
Demographic ques t i ons :  

Age, l e v e l  of school ing,  l e v e l  of formal mathematics 
educat ion and succes s .  Academic and c a r e e r  ambi t ion .  why 
a r e  you e n r o l l e d  i n  t h i s  p a r t i c u l a r  course?  

Lec tures ,  assignments and eva lua t ion  methods: 
What a spec t s  of t h i s  c l a s s  he lp  you t o  l e a r n  t h e  

m a t e r i a l ?  What a spec t s  do not he lp ,  o r  a c t u a l l y  hinder  y2.Lr 

l e a rn ing?  
 bout t h e  ass ignments :  a r e  t hey  t h e  r i g h t  l enq th?  a r e  

t h e  r i g h t  type of problems ass igned?  
HOW do you go about doing t h e  assignments? DO you eve r  

work w i t h  o t h e r  s t u d e n t s ?  D O  YOU seek he lp  from t h e  
i n s t r u c t o r ,  t each ing  a s s i s t a n t  o r  someone e l s e ?  What do yo.2 
do if you don"t understand how t o  do a  problem? 



DO you u s e  c a i c u l a t o r s  o r  c o m p u t e r s  when you d o  y o u r  
a s s i g n m e n t s ?  Why o r  why n o t ?  How d o  you u s e  t5ern? 

HOW d o  you u s e  t h e  t e x t b o o k  i n  t h i s  c o u r s e ?  What d o  
t h i n k  o f  t h e  t e x t b o o k ;  d o e s  w o r k i n g  w i t h  i t  h e l p  you l e a r r ?  

What d o  you d o  d u r i n g  l e c t u r e s  t h a t  h e l p  you l e a r n ?  
What t y p e  o f  n o t e t a k i n g  d o  you do?  Do you want  t o  a s k  
q u e s t i o n s  d u r i n g  t h e  l e c t u r e ?  Do you a s k  q u e s t i o n s ?  

HOW i m p o r t a n t  a  f a c t o r  d o  f i n d  t h e  e v a l u a t i o n  p r o c e d u r e s  
i n  t h i s  c o u r s e  t o  b e ?  D O  t h e  t e s t s ,  e x a m i n a t i o n s ,  a n d  g r a d e d  
homeworks h e l p  you l e a r n ?  How a p p r e h e n s i v e  d o  t h e  proceS:res 
make you f e e l ?  Why? 

u n d e r s t a n d i n g  a n d  a t t i t u d e s :  
why a r e  you t a k i n g  a  c a l c u l u s  c o u r s e ?  Is  t h i s  c o u r s e  

m e e t i n g  y o u r  p u r p o s e s ?  What more w o u l d  you l i k e  t o  g e t  f r o r .  
t a k i n g  t h i s  c o u r s e ?  What u n e x p e c t e d  t h i n g s  a r e  h a p p e n i n g  t~ 
you as you t a k e  t h i s  c o u r s e ?  

HOW d o  you f e e l  you a r e  d o i n g  i n  t h i s  c o u r s e ?  why 60 
you f e e l  t h a t  way? 

What d o  you t h i n k  t h e  c a l c u l u s  i s  a l l  a b o u t ?  1s ir 
i m p o r t a n t  t o  u n d e r s t a n d  t h e  s u b j e c t ?  Why o r  why n o t ?  BOX d o  
you t h i n k  you w i l l  u s e  what  you h a v e  l e a r n e d  i n  t h i s  c o - r s e  
a f t e r  it  i s  c o m p l e t e d ?  

DO you u n d e r s t a n d  t h e  l a n g u a g e  u s e d  i n  t h e  t e x t b o o k  a n d  
b y  t h e  i n s t r u c t o r ?  What d o  you f i n d  a b o u t  t h e  u s e  o f  
l a n g u a g e  which makes i t  d i f f i c u l t ?  What d o  you c h i n k  i s  
meant  b y  [ r e c e n t l y  c o v e r e d  t h e o r e m  o r  d e f i n i t i o n ] ?  What 
s o r t s  o f  t h i n g s  d o  you d o  to h e l p  you u n d e r s t a n d  t h e  m a t e r i a l  
i n  t h i s  c o u r s e ?  

What d o  you t h i n k  a  m a t h e m a t i c i a n  d o e s  when h e  o r  s h e  is 
d o i n g  m a t h e m a t i c s ?  D O  you t h i n k  w e  a r e  d o i n g  m a t h e m z t i c s  i n  
t h i s  c o u r s e ?  Why, o r  why n o t ?  What s o r t  o f  m a t h e m a t i c s  ~ i l :  
you d o  when you f i n i s h  t h i s  c o u r s e ?  



APPENDIX D 

EVALUATION SCHEME AND INSTRUMENTS 

Evaluation of student performance in thls cocrse i%-as 

based on seven assigned problem sets, two one hour ?.:orerr, 

tests, and a three hour final examination. 

The problem sets were equally weighted. Performance o- these 

sets constituted 20% of the student's overall qrade. 

Midterm tests were equally weighted. Performance or ~ n e s e  

tests constituted 40% of the student's overall grade. 

The final examination was cumulative over the c~urse 292 

constituted 43% of the student's overall grade. 

NO scaling was applied to the percent grade earned b y  

the student. Percent grades were translated to letter grades 

using a scale given to the students in the first lec~ure. 



Problem Sets 

~ l l  of the assigned problems were taken from the textbock f2r 

the course: 

C a l c u l u s  , by James Stewart, Brooks/Cole publishers, ;95: 

(second edition) 

Assignment # page problems 
and due date 
#l;Sept. 12,1991 60 2,4,8 

68 2, 6,12 

141 4,18,32,40,46 
#4; Oct. 8,1991 148 42,68,74 

154 16,30,36 
159 24,42,51 
163 18,26,30 
169 18,30,42 

#6; Nov. 5, 1991 211 6, 8,20,34,36,38,4O 
,42 

t op ic  



OCT. 1 4 ,  1 9 9 1  

TIUE: 1 H R .  

1. D e f i n e  e a c h  o f  t h e  t e r m  be low:  

1 2  1 a )  L 1 s  t h e  o f  t h e  f u n c t i o n  f as x a p p r o a c h e s  a .  

2 .  Use t h e  g r a p h  o f  f  b e l o v  t o  a n s  ,wer  e a c h  q u e s t 1  o n .  

a )  l i m  f  (XI = 
[ 1 , 1 1  x+2f 

b) l i m  f ( x )  = 
x 9 2  

{"4 + h i  - " 4 ) )  
d )  l l m  - - 

h+O 

e )   or t h o s e  v a l u e s  o f  x I n  t h e  i n t e r v a l  [ 1 , 9 1 ,  where  is •’ 

1 1 1  d l s c o n t i n u o u ~ ?  

f )  F o r  t h o s e  v a l u e s  o f  X i n  t h e  i n t e r v a l  [1 ,91 ,  where  is f 
d l f  f e r e n t  i a b l e ?  



3. Flnd the value of each llnlt below: 

4 .  ~ i n d  the derivative, dy/dx, of each function glven below. 
(M algebraically. 

5 .  a) use the pefinition of the derivative of f given in 
1 4 1  l(b) to compute the derivative, fl(x), for 

f(x) = 1 / ,  

121 b) Find the equation of the line tangent to the graph of f 
at the point (3,1/2). 

6 .  ~f each edge of a cube is increasing at the constant rate of 
141 3 centimeters per second, how fast is the volume increasing 

when x, the length of an edge, is 10 centimeters long? 

7 .  The radius of a seherlcal ball is computed by measurlng the 
[ 5 1  volume of the sphere (by finding how much water it 

displaces). The volume is found to be 40 cubic centimeters, 
1~1th a percentage error of 1%. Compute the corresponding 
~ercentage error in the radlus (due to the error ln measuring 
the volume 1. 

( V  = (4/3)vd) 



MATHEX AT I C S  15 1 

MIDTERM 2 

NOV. 14, 1991 

TIME: 1 HR. 

1. a )  S t a t e  t h e  Hean V a l u e  Theorem. 

b )  S t a t e  t h e  E x t r e m e  V a l u e  Theorem. 

c )  D e f i n e  a  p o i n t  o f  i n f l e c t i o n .  

d )  D e f i n e  a  c r i t i c a l  number. 

3. F o r  t h e  p o l y n o m i a l  f :  f  ( t )  = t3 + ta  - 4 t  + 7 f i n d  

a )  t h e  i n t e r v a l  <s) u h e r e  f  is d e c r e a s i n g .  

b) t h e  i n t e r v a l ( s )  u h e r e  f  is c o n c a v e  up.  .. 

c j  t h e  number o f  r e a l  r o o t s  e f  t h e  e q u a t i o n  f ( t )  = 0. 

4. C o n s i d e r  t h e  e q u a t i c m  eK = s i n c x ) .  

a) HQW many p o s i t i v e  r o c s t s  d o e s  t h i s  e q u a t i o n  have?  n e g a t i v e  
r  o o t  s? 

b )  U s e  Newton's  Method t o  a p p r o x i m a t e  t h e  v a l u e  o f  t h e  l a r g e s t  
n e g a t i v e  r o o t  o f  t h i s  e q u a t i o n  b y  l e t t i n g  x o  b e  t h e  i n t e g e r  
,,t,ich i s  c l o s e s t  t o  t h e  a c t u a l  r o o t .  ( F i n d  xl.) 

5. An o p e n  box w i t h  a s q u a r e  b a s e  is t o  h a v e  a vo lume o f  2000 
c u b i c  c e n t i m e t e r s .  what s h o u l d  t h e  d i m e n s i o n s  of  t h e  b o x  b e  i f  
t h e  amount o f  m a t e r i a l  u s e d  i s  t o  b e  a minimum? 



t'ATHEP,AT I  CS 15 1  DEC. 3, 1 9 9 1  

MAC):S C / 1 0 0 3  FINAL EXAM TIME: 3 H.9. 

NOTE: No g r a p h i n g  f u n c t i o n s  o n  a n y  C a l c u l a t o r  may b e  u s e d .  

1. a )  G i v e  the  d e l t a - e p s i l o n  d e f i n i t i o n  ccf l i m  ( f < x ) > .  
x-a 

b )  D e f i n e  w h a t  i s  m e a n t  b y  F i s  a n  a n t i d e r i v a t i v e  of  f  o n  t h e  
i n t e r v a l  I .  

c )  D e f i n e  w h a t  i t  m e a n s  f c ' r  a f u n c t i c n  t o  b e  mc~r~r l_:onic  o n  t h e  
i n t e r v a l  I .  

d )  S t a t e  E c ~ l  I e's T t ~ e c ~ r e m .  

2. F i n d  

3. F i n d  dy/dx fcdr e a c h  f u n c t i o n  b e l o w .  (DO NOT SIMPLIFY.) 

. a )  y = l n ( l - 4 1 )  



6. s ~ t p p o s e  t h a t  t h e  v e l . x i t y  g t  t i m e  t o f  a  p a r t i c l e  i n  l i n e a r  
mot ion  i s  g i v e n  by t h e  f c . r n u l a  v ( t )  = t f  + s i n ( t > .  

C 2 3  a )  F i n d  t h e  a c c e 1 e r w t i c . n  a f  t h e  p a r t i c l e  a t  t = ?. 

C 3 3  b )  I f  t h e  p a s i t i c . n  o f  t h e  p a r t i c l e  a t  t = 3 is 3, S ( 2 )  = 3, 
d e t e r m i n e  t h e  pc .5 i t i c .n  of t h e  p a r t i c l e  a t  t i m e  t .  

7. a )  F i n d  a fierrnula f o r  t h e  i n v e r s e  o f  t h e  f u n c t i o n  

C  3 3  f :  f ( x )  =c. 

1 2 3  b )  S t a t e  t h e  dcmain  and  r a n g e  e f  f-L. 

C 2 3  c )  S k e t c h  a  r o u g h  g r a p h  c * f  f - ' .  

8. suppc.sc a s m a l l  q u a n t i t y  o f  r a d m  g a s ,  which  h a s  a h a l f - l i f e  o f  
C 6 3  3.8 d a y s ,  is a c c i d e n t a l l y  r e l e a s e d  i n t a  t h e  a i r  i n  a 

l a b o r a t o r y .  I f  t h e  r e s u l t i n g  r a d i a t i o n  l e v e l  is 50% a b o v e  t h e  
" s a f e "  l e v e l ,  hc-u l c o g  s h o u l d  t h e  l a b o r a t o r y  r e m a i n  v a c a t e d ?  

9. L e t  f < x )  = Ax' + Px + C ,  u h e r e  4, P, and  C a r e  c o n s t a n t s  w i t 1 1  
C 5 3  A f 0. Shou t h a t  f o r  a n y  i n t e r v a l  Ca,b3,  t h e  number c 

g u a r a n t e e d  b y  t h e  Mean V a l u e  Theorem is  t h e  m i d p o i n t  o f  [ a r b ] .  

10. A b a s e b a l l  diarrtcmd i s  a s q u a r e  w i t h  s i d e s  50 f e e t  l o n g .  S u p p o s e  
C 7 3  a b a s e b a l l  p l a y e r  is a d v a n c i n g  f r c m  s e c o n d  t o  t h i r d  b a s e  a t  t h e  

r a t e  of  24 f e e t  p e r  seccsnd, a n d  a n  u m p i r e  is s t a n d i n g  on home 
p l a t e .  L e t  9 b e  t h e  a n g l e  b e t w e e n  the t h i r d  b a s e 1  i n e  a n d  t h e  

j l i n e  o f  s i g h t  f rom t h e  umpi re  to t h e  r u n n e r .  Hc.u f a s t  is 9 
c t lang ing  when t h e  r u n n e r  is 30 f e e t  f rom t h i r d  b a s e ?  



x + l  
11. S1:e t ih  t h e  g r a p h  o f  t h e  f u n c t i m  f: f ( x )  = - 

r A Y  xa - 4 - - -  , L a b e l  a l l  s i g n i f i c a n t  a s p e c t s  o f  t h e  g r a p h  e x c e D t  p , > i n t s  c.f 
i n f l e c t i o n  a n d  S H O W  ALL W G X .  

1 2 .  F i n d  t h e  x - c c ~ o r d i n a t e s  of the p c s i n t s  o n  t h e  p a r a b o l a  
E 7 3 y = x= + 2 x  t h a t  a r e  c l c - s e s t  t o  t h e  p c - i n t  <-1,O) .  

13. T h e  c u r v e  d e s c r i b e d  b y  t h e  p a r a m e t r i c  c u r v e s  b c l c u  is  
c a l l e d  a c y c l c , i d  a n d  i s  a  pe r i cmdi i  f u n c t i o n .  

C33 a) S k e t c h  t h a t  p c a r t i o n  o f  t h e  c y c l c . i d  f c ~ r  0 t 5 m. 

C 3 3 b) F i n d  t h e  e q u a t i c m  c-f t h e  l i n e  t a n g e n t  t o  t h e  g r a p h  c.f t h e  
c y c l ~ i d  a t  t h e  p o i n t  w h e r e  t = f l / 2 .  

C 6 3  b) C l s e  N e u t c - n ' s  m e t h c d  t o  apprcmximate  t h e  l a r q e s t  p o s i t i v e  
rc to t  o f  t h e  e q u a t i c ~ n  i n  p a r t  !a). U s e  t h e  i n t e g e r  n e a r e s t  
t o  t h i s  rcqr~t  f m  x,. S ~ U  c a l c u l a t i c ~ n s  r e q u i r e d  t o  
f i n d  x ~ .  

d e f i n i t i o n  of l i m i t .  



APPENDIX E 

COURSE AND INSTRUCTOR EVALUATION FORM 



COURSE AND INSTRUCTOR EVALUATION 
I FILL IN THE CIRCLES 

VIE we nwx w ~ r  
DO NOT USE INK 

I ERASE CHANGES COMPLETELY <. OR FELT PENS 

- GENERAL - 3. How often did you anend the lectures/seminars? - 4. The course prerequisites were - 5 The overall level of dlff~culty for the course was - 6. The amount of work required for the course was - 7 How valuable was the course contenl? - 8. The course text or supplementary material was - 9 1 would rate th~s course as 

I 

always 

essential 

too easy 

too Ilttle 

very 

relevant 

BACKGROUND 
I 

Please answer rhe 
f o ~ l o n  ing quesr~ons ro rhe 
besr o f  your abiliry - The resulrs are carefu//y 
cons~dered m dectvons 
regarding course - rewstons and promor~on 

I 
and  renure o f  laculry 
menlbers 

- COURSE GRADING - 10. The assignments and lecture/seminar mater~al we-e - 11. The exams and assignments were on the whole 

well related 

!air 

2 Why d ~ d  you take th~s  course? 
Choose the stngle most Imponant reason 

a It was compulsory 

@ I am ~nterested ~n the sublect 

0 NO alternat~ve cou-se avadable 

0 It looked lhke an easy cred~t 

0 Other reasons 

@@@@-@, wr&": 1 \Yhat 1s your cumuiatlve 
2-5 - ~ a d e  pant  average? 

hardly ever 

not essen:ial 

too dlff~cult 

too much 

not very 

irrelevant 

- - - 6% -. , -.- -. '& 
@@Q@@, W-- . -i; .<2;. .:, - . - , " - - - '  - - ., <- 
G& s@ br&- 

m L. 

SAMPLE-MARK , ,+ 2 
000.0 Rsght 

unrelated 

unfa~r 

3 5 or over @ 
3 0 1 0 3 4 9  @ 
2 5 1 0  2 9 9  @ 
2 0 1 0 2 4 9  0 
below 2 0  0 

- 12. The niarklng scheme was on the whole fair 000 @ 0 unfalr - INSTRUCTOR AND LECTURES/SEMINARS - 14. The ~nstructor's organization and preparation were excelient 0 0 0 (3 @ poor - 15. The ~nstructor's a31l1ty to communicate material \vis excellent 0 0 0 @ 0 poor - 16 The ~nstructor's Interest in the course content appei-?d to be high 00 0 0 0 low 

17. The instructor's feedback on my work was adequate 0 0 0 0 0 inadequate - 18 Quest~ons durmg class were encouraged 0 0 0 0 @ discouraged 
1 19 was  the instructor reasonably accessible for extra he'>? available 0 0 @ 0 0 never avadable - 20. Was the ~nstructor responsive !o suggestions or co-slalnts? very a@@@@ n o t a t a l l  - 21. Overall. the ~nstructor's attitude towards students i:is excellent 0 0 0 0 @ poor 

22. I ~ o u ~ d  rate the ~nstructor's teaching ability as @@@@@ 

- GENERAL COMMENTS 

I 

I 
Course: Semester: Instructor's Name: 

- - - 
I 

I - 
I 

I 

NCS Traru-Opt& MWl.72173-3 A2302 Prirt.4 ir USA 

1. What do you conslder to be 
the strongest and weakest 
features of the instructor, as 
a teacher? 

2. What do you consider to be 
the strongest and weakest 
features of the course? 

- - 
I 

3. Any other comments or 
suggestions? 

Please do not m n e  an* zhe .ocloud an* U u  a Wr sh.m d mpr for addit-l c a m n t r  
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