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l. Introduction

This report is prinari ly concerned rvith the nontradit ional
use of computers in undergraduate courses in mathematics anal sta-
t l s t i cs .  Fo r  reasons  exp la ine i l  be fo$ r ,  v re  make  on l y  pass ing  men-
t i on  o f  L rad i t i ona l  compuLer  use  i n  cou rses  i n  numer i ca l  ana fy -
s i s ,  compu te r  sc ience ,  p rog iamming ,  ope ra t i ons  resea rch ,  and
other areas for which computing is essential ly mandatory.

Excep t  f o r  s ta t i s t i cs  cou rses ,  t he  a lom inan t  compu te r  ac t i v i -
t ies in the courses under consideration are probl em-so1ving, sim-
u la t i on ,  and  l ea rn ing  to  p rog tam.  (A  g rea t  dea l  o f  p rog ranun ing
instruction goes on in loiver-division mathematics courses not
exp l i c i l l y  l abe fed  as  p rog ramming  cou rses . )  Tn  s ta t i s t i cs
cou rses ,  t he  dominan t  ac t i v i t i es  a re  da ta  ana lys i s  and  p rob lem-
solving (much of the latter presumably dependent on the former).
Most of this computing is being alone on large- to meali lrm-size
machines in an interactive, t ime-sharing mode with programs lvri t-
ten in BASIC oT FORTRAN.

In the recent past, the number of computer users among math-
emat i cs  facu l t i es  has  i nc reased  s ign i f i can t l y .  Recep t i veness  to
the  use  o f  compu te rs  i n  t rad i t i ona l l y  compu te r less  cou !ses  has
increased even more, but a number of barriers have prevented
t rans la t i ng  th i s  he igh tened  in te res t  i n to  ac tua l  use :  obso le te
or awkvrard hardware and softwaret a budgetary crunch tha! pre-
vents keeping up with new developments, even when costs are de-
c l i n ing ;  l ack  o f  t ime  fo r  deve lop ing  new mate r ia l s  and  l ack  o f
reward  fo r  t hose  who  take  the  l imer  and  pe rce i ved  l ack  o f  c lass
t ime  fo r  add ing  any th ing  to  ex i s t i ng  cou rses .  (Sub t rac ! i ng  any -
th ing  i s  se ldom cons ide red .  )  Then  the re  a re  ba r r i e rs  tha t  a re
neve r  men t ioned  on  su rvey  fo rms ,  such  as  ego  damage  su f fe red  by
an instructor \rho f inds that his or her own training is inade-
qua te  o r  ou tmoded  and  fea rs  ( co r rec t l y )  t ha t  s tua len ts  w i l l  p i ck
up computing faster than he or she.

In  con t ras l  t o  t he  s i t ua t i on  on l y  a  few  yea rs  ago ,  t he re  a re
no ! r '  e f f ec t i ve ,  t rans fe rab le  ma te r ia l s  t o  suppor t  comDute r  use  i n
a  w ide  range  o f  ma themat i cs  ana l  s ta t i s t i cs  cou rses ,  

-and  
the  p ro -

cess  o f  p roduc lng  such  ma te r ia l s  has  become more  ra l i ona f  and
sophisticated. Hov/ever, av/areness of these matel ials on the part
of the faculty using computers remains very fow, as evidenced by
the fact that, most of them continue to prepare their own mater-
i a l s .

Given t 'he fact that the 1evel of use is not anvlvhere near
sa lu ra t i on  (o f  po ten t i a l  use ,  no t  o f  ex i s t i ng  fac i t - i t i es ) ,  one
can  con f i a len t l y  p ted i c t  con t i nuea l  l nc tease  o f  use ,  sub jecL  to  the
same cons t ra in t . s  t ha t ,  have  ope ra ted  i n  t he  recen t  pas t ,  espec ia l -
l y  budge ta ry  cons t ra in t s .  Awareness  o f  ma te r i a l s  w i l t  con t i nue



to grow, due lo moalest marketing efforts, conferences, and
reporte in journals that are not specif ical ly computer-or i  enteal .
Microcomputers wil l  have an effect, especial ly where alepartments
can f ind a vray to acquire t.hem as off ice equipment or woral
p rocesso rs ,  bu t  re la l i ve l y  f ew  ma themat i c ians  a re  p resen t l y
aware of t treir potentia1

The more innovative anal soptrist icateal developments in tech-
nology anal courseware have had l i t t le impacl on the vasl najority
o f  campuses ,  and  t t ra t  w i l l  con l i nue  to  be  the  case ,  espec ia l l y
where computing faci l i t ies are orienteal towaral aalministral ive or
resea rch  nee i l s ,  o r  worse  ye t ,  nonex i s ten t .  Bu1 :  t he re  a re  many
br. ight spots on the ?rorizon suggesting an inuninent dawning and a
sunny tomorroiv, !r ' i th the simultaneous emergence of inexpensive,
easy - to -use ,  and  e f fec t i ve  ha ra lware  and  t rans fe rab le  sb f tware ,
and of heighteneal interest on Lhe part of the mathematics
facu l t y .

2 '



2. Background and Current Patterns

The decade of the sixt ies was a t ime of revolution in the
mathematics curriculum of primary and seconalary schooLs. Concur-
rent with these changes was a quieter reorganization of the cur-
y i ^ ' r l " m  i r  . d l  l a d a c  a h , i  _ ' i v e r s i t i e s .  T h e  m o s t  e f t e c t i v e  v o i c e
f o r  c h a n g e  j r  t h e  c o l I e g e  m a t h e - a t i c s  c u r r i c u . L u r  i n  t h e  p a s t  1 5
y e a r s  l ^ a s  b e e n  t h e  C o r u n i t t e e  o n  t h e  U n d e r g r a d u a t e  P r o g r a m  i n
M a t h e m a t l c s  ( C U P M )  o f  t h e  M a t h e m a t i c a l  A s s o c i a t i o n  o f  A m e r i c a ,
This committee was charged with the responsibi l i ty for making
recommenalat ions for the improvement of col lege and universi ty
m a t h e m a t i c s  c u r r i c u l a  a t  a l l  l e v e I s  a n d  i n  a l l  e d u c a t i o n a l  a r e a s .
T h i s  g r o u p  i s s u e d  p e r i o d i c  r e p o r l s  o n  v a r i o u s  a r e a s  o f  c o n c e r n ,
i n c l u d i n g  a  1 9 6 5  r e p o r t  e n t i t l e d  A  G e n e r a f  C u r r i c u l u m  i n  M a t h e m a -
t i c s  f o r  c o l l e g e s .  T n i s  r e p o r t .  w h i c h h a d w i d e s p r e a d a n d e x
;T;6-f;ElnE;aE-Gn- the mathematics programs in the u.s. colieses
and  un i ve rs i t i es ,  under took  to  i den t i f y  a  cen t l a l  cu r r i cu lum,
beg inn ing  w i th  ca l cu lus ,  t ha t  wou ld  se rve  the  bas i c  needs  o f
those  des i r i ng  an  underg radua te  ea luca t i on  i n  ma themat i cs .  Many
c o l  l e g e s  r e v i s e d  t h e i r  c o u r s e  o f I e r i n g s  i n  d i r e c t i o n s  s u g g e s L e d
by  th i s  repo r t .  A l t hough  the  p resence  o f  compu te rs  was  be ing
E e l L  i n  L h e  c u r r i c u l a  o . [  o t h e r  d i s c i p l i n e s ,  t h i s  I 9 6 5  C U P M  r e p o r L
d id  no t  add ress  i t se l f  t o  t he  re la t i onsh ip  o f  t he  compu te r  t o
educa t i on  i n  ma themat i cs .

Apparently i t  ldas the view of experienced teachers and re-
sea rche rs  i n  1965  tha t  t he  compu te r .  had  ] i t t ] e  t o  con t r i bu te  to
lhe  c lass room.  Never the less .  sco res  o f  i nd i v idua ls  were  expe r i -
menting with the conpuler to augment instruction in mathematics,
p r i na r i t y  i n  s ta t i s t i cs  and  ca l cu lus ,  Dur ing  th i s  pe r iod ,  t he
Na t iona l  sc ience  Founda t ion ,  t h rough  i t s  o f f i ce  o f  Compu t ing
Ac t i v i e ies ,  p layed  a  ma jo r  ro le  i n  p romot ing  the  deve lopmen t  and
use  o f  compu te r -based  i ns t ruc t i ona l  ma te r i a l s  i n  ma themat i cs  by
fund ing  compu te r -o r i  en ted  cu r r i cu la r  p ro jec ts ,  summer  i ns t i -
t u tes  i n  compu t ing  and  ma themat i cs  fo r  co l l ege  teachers ,  and  a
number  o f  f a rge  cu r r i cu fum deve lopmen t  p ro jec ts  o f  wh ich  ma thema-
t i cs  was  a  pa r t .

The  number  o f  apparenL ly  success fu f  t r i a l s  o f  compuLer -based
ins t ruc t i ona l  ma te r i a l s  i s  now fa i r l y  l a rge ,  and  CUPM has  s ince
published t\4to reports dealing \,t i th mathematics instruction and
compu t ing .  Tbe  f i r s t  o f  t hese  repo r t s ,  Recommenda t ions  fo r  an
Underg raa lua te  P rog ram in  Compu ta t i ona l  Ma themat i cs  (CUPM,  197 f ) ,

c iences  tha t
combines courses in mathematics, computer science, and comprlta-
t i ona l  ma themat i cs .  Th i s  sugges t i on  g rew ou t  o f  t he  commi t tee ' s
basic recommenalation that "mathematics alepartments should experi-
ment \r i th innovative undergraduate mathematics programs which
e lphas i ze  the  cons t rucL i ve  and  a lgo r iLhmic  aspec ts  o f  na thena-
t ics, anal which acquaint studenls with computers and with the



uses of mathematics in computer applications." The seconal
repott, Reconnnendations on Unalergraduate Mathematics Courses
Invo l v inq  compu t inq  (CUPM,  1972) ,  t ecogn ized  1 :he  po ten t i a l  i n f l u -
ence of l .he computer on the basic undergraduate courses in mathe-
ma t i cs ,  and  p roposed  changes  i n  ce r ta in  t rad i t i ona l  cou rses ,  as
well as the introduction of some new couases alesiqned to take
advantaqe of the computer,

Pe rhaps  the  f i r s t  subsLan t ia l  s i qn  o f  g row ing  accep tance  o f
these ideas was the symposium on "The Influence of Computing on
Mathematical Research and Ealucation,, joint ly sponsored by the
American Mathematical Society and the Mathematical Association of
America in connection \r i th thei i  annual summer neetings in 1976
in  M issou la ,  Mon tana .  Subsequen t  na t i ona l  and  reg iona l  mee t ings
of both AMS anal MAA have includeal a variety of speakers, panels,
and  spec ia f  sess ions  on  compu te r - re la ted  top i cs ,  i nc lud ing  the
use of computers in unalergraduate courses.

A  more  recen t  s t imu lus  to  q row lh  i n  t h i s  t ype  o f  compu te r
use is the report of a National Research Council  conunit lee
(AMTRAC)  on  the  ro fe  o f  app l i ca t i ons  i n  Lhe  underq radua te  ma the -
matics curricufum. This report may stimulate the CUPM-type
6 fF^ r+c  ^ f  5 r+Lough  i t  i s  cons ide rab l v  l ess  de ta i l ed
than any of the CUPM documents. Among its many recommendations
i  c  + h a  f ^ l  I  ^ L ' i  n d  -

[We recoinmend] "that every mathematics major acquire early
i n  h i s  o r  he r  co l l eqe  ca ree r  a  bas i c  compe tence  i n  compu te r
programming so that he or she can desrgn algorithms and write
programs of some complexrty. This competence may often besC
be  ga rned  bv  requ i r i ng  a  cou rse  i n  compu te r  sc tence t  \ rhe re
Lh is  op t i on  i s  used ,  Lhe  requ r red  cou rse  shou ld  be  des igned
so that many of the examples anal exercises relate to the
mate r ia l  o f  t he  s tuden t r s  ma themat i cs  cou rses ,  Fu r the r ,  [we
recommend l  t ha t ,  t o  t . he  ex ten t  poss ib le ,  t he  s tuden t ' s  com-
puting kno\,r ledge be uti l ized in appropriate mathematics
cou rses .

An addit ional factor beating on the trenal in curriculum
change  (no t  neg lec ted  i n  l he  AMTRAC repo r t )  i s  rhe  chang ing
employment piclure for mathematicians. There is nov/ a cleal
recognit ion that a mathematician ivhose training is exclusively
theoretical and abstract is not as enployable as he or she was in
fo rme l  yea rs .  As  a  consequencer  co l l ege  teachers  a re  now more
receptive to changes in the curriculum that \doulal provide for
different avenues of ealucation within the mathematical sciences,
especial ly programs that ealucate in the applications of mathema-
t i cs  to  o the r  d i sc ip l i nes ,  o t  p rog rams  tha t  o f fe r  a  compu te r  sc i -
ence emphasis. Thus, there is now a favorable cl imate for the
introduction of computer-oriented instruction into t,he curriculum
on  a  b road  sca le .



Some of the earfy experiments with computer materials for
the mathematics classroom have matured into publications \no!
necessari ly of lhe tradit ional textbook l]ype) and are l isted in
our bibl iography below. Others have run their course and died,
i nc lud ing  some ve ry  amb i t i ous  and  b r i e f l y  success fu f  ones ,  such
as CRICISAM. It is st i1l l :he case that most of the supplementary
mate r ia l s  f o r  t rad i l i ona l  cou rses  neve r  l eave  the  s i l e  o f  o r i g in .
but i t  is nov/ possible t.o f ind good materials in some lransfer-
ab le  fo rm ac ross  a  b roaa l  range  o f  t he  s tandard  cou rses .  (Th i s
was  no t  t he  case  on l y  a  few  yea rs  ago , )  Neve r the less ,  a  ma jo r i t y
of the mathematics instructors wil l ing or eager to use computers
a re  s t i l 1  w r i t i ng  the i r  own  ma te r ia l s ,  i n  some cases  due  to  the i r
i gno rance  o f  ava i l ab le  ma te r ia l  s .

There are several reasons for this gap of information about
ma te r ia l s ,  (1 )  The  fa rge -sca le ,  nonpro f i t .  g ran t - suppor ted  p ro -
j ec ts  have  usua l l y  no t  been  funded  fo r  mass i ve  adve r t i s i ng  and
marke t i ng  e f fo r t s ,  (2 )  Commerc ia l  pub l i she rs  have  been  amb iva -
Ien t  abou t  i nves t i ng  i n  compu te r - re la ted  ma te r ia l s .  On  the  one
hand, they would ] ike to be one jump ahead of the competi l ion
\ , / i t h  ne \ r l y  emerg ing  and  po ten t i a l l y  p ro f i t ab le  ma te r ia f s ;  on  the
olher hand, their conservative practices cause thenr not to pub-
I ish in new areas unfess they get rave reviews and to stop adver-
t i s i ng  any th ing  tha l  doesn ' t  show a  p ro f i t  ve ry  qu i ck l y .  (Rave
rev iews  and  qu i ck  p ro f i t s  a re  a lmos t  i ncompa t ib te  w i th  pub l i shed
mate r ia f s  i n  new ly  emerg ing  a reas  due  to  the  conse rva t i ve  p rac -
t i ces  o f  educa to rs  when  i t  comes  to  cu r r i cu fum change . )
(3 )  F lna l I y ,  t he  w ide l y  read  j ou rna l s  a re  j us t  no \d  ca tch ing  up
w i th  compu te r -  i nduced  changes  i n  the  cu r r i cu lum,

Computer-wise innovators are now developing naterials that
depend  on  and  bene f i t  f r om new techno log i ca ]  deve lopmen ts :  m ic ro -
compu te rs ,  g raph ics  a lev i ces ,  vo i ce  syn thes i ze rs ,  and  so  on ,  A t
the  same t ime ,  l a rge  numbers  o f  ma themat i cs  teachers  a re  j us t
b e g i n n i n g  t o  f e . a r n  a b o u t  t h e i r  F i r s t  c o m p u t e r ,  w q i c h  i s  I i k e l y  L o
be  sma l l ,  sha red  w i th  many  use rs ,  and  capab le  o f  commun ica t i ng
on-Ly  v ia  punched  ca rds  o r  t e le t ypes .  As  we  p red i c ted  i n  ou r  p re -
v ious  repo r t ,  many  schoo ls  a re  focked  i n  to  obso le te  compu t ing
sys le - r s  by  a  budge t  c runch  thaL  does  no l  even  pe rm i t  soend ing  a
few thousanal dollars for a modest microcomputet system (although
some instructors are buying their own and sharing with their stu-
dents). There are probably nany fewer campuses no\i/  \^r i th no com-
pu te r  sys tem a t  a l l ,  bu t  t he  techno log i ca l  and  deve lopmen t ' a l  gap
between the "haves" and lhe "have-nots" of the computer world is
ac tua l l v  w iden ino .



3. Examples of the Use of Computer in Mathematics

We 1ist. here some of the ways computing is being used in
mathemat i cs  and  sLa t i s t i cs  cou rses .  Th i s  l i s t  i s  no t  exhaus t i ve
ana l  t he  examp les  a re  no t  necessa r i l y  t he  bes i  o f  t he i r  t ype ,
Some are represented by published materials anal/or tr.ansferable
s o f t w a r e ,  a n d  o t h e r s  e x i s L  o n l y  a t  t h e  s i t e  o f  o r L g L n  a t  L h e  p r e -
sen t  t ime .  l / he re  ma te r ia l s  a re  ava i l ab le ,  t hese  a re  l i s ted  i n
the bibl iooraDhv.

Problem-Solving

Problem-solving is the dominant mode of computing in mathe-
malics courses, and examples may be found throughout the mater-
i a l s  ] i s ted  i n  t he  b ib l i og raphy .  We w i l l  c i t e  on l y  one  examp le
of a use that \, /a s rare a few years ago and is becoming standard
in  an  o the rw ise  conven t iona l  cou rse .  The re  i s  a  g row ing  consen-
sus that the standard undergraduate course in orcl inary differen-
t i a l  equa t i ons  shou ld  i n t roduce  the  s tuden t  t o  numer i ca l  as  we f f
as  ana ly t i c  me thods  o f  so lu t i on .  Wh i l e  mos t  i ns t ruc to rs  do  no t
spend  a  g rea t  dea l  oF  t ime  on  rh - i s  (many  s t i ] l  v i ew  the  who le
idea  w i th  a  g rea t  dea l  o f  susp ic ion ) ,  new d i f f e ren t i a l  equa t i ons
tex ts  ( f o r  examp le ,  Hag in )  con ta in  some mate r ia f  on  numer i ca l
me thods  tha t  may  range  f rom a  s imp le  d i scuss ion  o f  Eu le r ' s  me thod
up to fourth-order Runge-Kutta and predictor-corrector melhods.
Fo r  t hose  us ing  texLs  l ack ing  ch i s  ma te r ja f  o r  noc  go ing  fa r
enough wilh i l ,  there are now gooal supplementary materials avail-
ab le  ( f o r  examp le ,  Van  lwaara len ) .

Illustration of Concepts

I t  is now routine to actually evafuate Riemann sums when the
in teg ra l  i s  f i r s t  i n t roduced  in  the  ca l cu lus  cou rse .  Th i s  i s  a
muc t r  more  use fu f  way  to  i 1 lus l ra te  the  concep t  t han  the  t rad i -
t i ona l ,  bu t  c lumsy ,  d ig ress ion  to  cove r  f o rmu las  fo r  sums  o f
integer polters, \dhich leads to the worst possible way to f ind the
a rea  o f  a  t r i ang le .  S imp le  R iemann  sums  can  be  eva lua ted  us ing  a
ca l cu fa to r ,  bu t  more  comp l i ca ted  ones  become ted ious  because  o f
the  func t i on  eva lua t i ons .  Thus ,  access  to  even  a  sma1 . I  compu te r
i s  v e r v  h e l p f u l  - i n  k e e D i n g  t h e  c a l c u L a t i o F s  € r o m  g e t t i n g  i n  t h e
way  o f  unde .s ta rd ind  the  i n teg ra l  as  a  number ,

A n o t h F r  p r a m n l F  n F  . n n . F b -  r F i h T d r . a - - n t  i n . i r . l l u s  i s  t h e
observation that the location of roots by interval -ha] v i  ng is
a l so  a  cons t ruc t i ve  p roo f  o f  t he  In te rmed ia te  Va lue  fheo rem (see



Statistical Packages

Tkto approaches to the implementation of statist ical packages
are  i l l us t ra ted  L ' y  t he  Tan is  package  and  by  M in i t ab .  The  Tan is
package consisls of a set of FORTRAN subroutines and an accompa-
nying laboratory manual containing exer.cises the stualent can
carry out on the computer through the use of t .he subroutines.
The exercises are intended for use in a mathematical probabil i ty
a n d  s t a t i s t i c s  c o u r s e  a t  t h e  j u n i o r - s e n i o r  l e v F L .  . l h ^  c o m p u t e r
i s  used  i n  these  exe rc i ses  as  a  l ] oo l  t o  s imu la te  random exper i -
ments anal to produce computational graphical analyses of the
resu l t s .  f he  sub rou t i nes  a re  wr i t t en  to  be  used  i n  e i t he r  a
batch or an interactive environment with student-lvri t terr proorams
that cal l  them.

In contrast, the Minitatt,  approach is to provide the stualent
w i th  a  separa te  l anguage  to  genera te ,  ana fyze .  and  d i sp lay  s ta -
t ist ical data. An accompanying hanalbook is provided that intro-
duces  the  fea tu res  o f  t he  l anguage  and  con ta ins  exe rc i ses  mak ing
use  o f  s imu fa t i on ,  p lo t s ,  and  techn iques  to  i l l us t ra te  s ta t i s t i -
cal concepts and data exploration methoClology. Like the Tanis
package, Minitab is writ ten in FORTRAN and is available in both
ba tch  and  i n te rac l i ve  modes .  M in i t ab ,  however ,  requ i res  no  p r i o r
programming knowledge or computer experience on the part of the
s tuden t .

Data Analysis

The  th ree  mos t  conmon ly  used  da ta  ana lys i s  packages  a re
SPSS,  SAS,  and  BMDP.  Each  o f  t hese  packages  cons i s t s  o f  a  se t  o f
r o u L i n e s  f o r  d a L a  e n L r y .  d a t a  m a n a g e - e 1 L ,  a n d  s t a t i s t i c a l  a n a l y -
s i s .  Each  a l so  p rov ides  i t s  own  language  and  a  use r ' s  manua l .
The  manua ls  p resen t  Lhe  syn tax  o f  t he  Ianguages  and  a lesc r i p t i ons
o f  t he  p rocedures  tha t  a re  i r p lemenLed .

Computer-Assisted Instruction

In proport ion to the t ime and effort expended in rnirnicking
techniques successful in other f ields, computer-a s s i  sl:eal in-
struction (CAI) in col lege-level math has not become common.
one  reason  has  been  the  l im i ta t i ons  o f  phys i ca l  f ac i l i t i es :
teletype-I ike devices lvith low transmisi i6n speeals and l imited
charac te r  se ts  a re  noL  we l l  su i t ed  Lo  commun i la t i ng  nachena-
tics. Another reason is that the concepts encountered 1n
courses beginning lvith calculus aie not easily taught or
learned by rote alr i l l  techniques, although these may be ver:y
e f fec t i ve  fo r  acqu i t i ng  necessa ry  compu ta t i ona l  sk i l l s .  A
good example of useful CAI materials at. the precalculus 1evel
is the package developed recently at '  the University of



Tennessee at Chattanooga by Richard Detmer and Cl inton Smullen
f ^ r , l r i l l  : h . l  6 r ^ . + i - a  i n  w ^ r i ^ r l c  + ^ 6 i - c  i n  A l d a L . '  i h ^ l r r d i n d

word problems, An example of mater ials being aleveloped at lhe
c a l c u l u s  l e v e l  i s  t h e  p a c k a g e  ( n o t  y e t  a v a i . L a b l e )  b y  F r a n k  A n g e r
a n d  R i t a  R o d r i g u e z  o '  t h e  U n i v e r s i t y  o f  P u e r t o  R r c o .  ( T h e i r  p r o -
grams are in BASIC for an HP 2000/Access system with text pre-
s e n t e d  t o  t h e  s t u d e n t  i n  S p a n i s h .  T h e  p r o g r a m ' s  R E M a r k  s t a t e -
m e n t s  a r e  i n  E n g l i s h ,  h o w e v e r .  )

A  n u m b e r  o f  s y s t e r s  h a v e  b e e . 1  d e s i q n e d  F o r  t l ^ e  d e v e l o p n e n t
o f  C A I  m a t e r i a l s  i n  m a t h e m a t i c s .  I n  t h i s  a p p f o a c h ,  t h e  f o c u s  i s
on moving the development system rather than the f in ished mater-
i a l s .  D e s c r i p t i o n s  o f  t h e  f o l l o r v i n g  e x a m p l e s  m a y  b e  f o u n d  i n  t h e
C C U C / 9  p r o c e e d i n g s :  I a T H D O C  ( M a r k  c h r i s t e n s e n ,  c e o r g i a  T e c h ) ,  a n d
O u A T E  ( D o u g  A i m s ,  P a l o  A I t o  S c h o o l  D i s t r i c t ,  C a l i f o r n i a ) .

CAVCATC

D e t m e r  a n d  S m u l l e n  h a v e  a f s o  d e v e l o p e a l  a  s i m p l e  b u t  u s e f u f
C M I  s y s t e m  f o r  t h e i r  a l g e b r a  c o u r s e  i n  w h i c h  s t u d e n t s  a r e  s e f f -

-  ^  - . .  l n l  w  t h a  i  n e F  n , ^ F ^ r  ^ r  
' l : t \  

rp d u e \ r .  s )  s L e m ,  L - - - -  - - -  . n a n a g e r
a c t u a l l y  u s e s  L h e  c o m p u t e r .  I 4 a s t - e r y  L e s L s  a r e  g e n e r a L e d  b y  t h e
c o m p u t e r  a n d  k e p L  o n  f i I e .  S L u d e n t s  r e q u e s L  t e s L s  o r  r e - L e s t s
whenever they are ready, and the tests are graded inunediately by
a  l a b  a s s i s t a n t  u s i n g  a  c o m p u t e r - p r e p a r e a l  a n s w e r  k e y .  A l t
r e c o r d - k e e p i n g  a n d  p a c i n g  o f  t h e  s t u d e n t s '  p r o g r e s s  i s  h a n d t e d  b y
o n - I i n e  d a t a  f i l e s .

A  s i m i l a r  s y s t e m  h a s  b e e n  d e s c r i b e d  b y  W . J .  S m o l i n s k i  o f  t h e
L l n i v e r s i t y  o f  N e v /  B r u n s w i c k  i n  E R M  1 0  ( 1 9 ? 8 ,  p p .  5 6 - 6 3 ) ,  T h i s
s y s t e n  w a s  a l e s i g n e d  f o r  a n  e f e c t r i c a l  e n g i n e e r i n g  c o u r s e ,  b u t
w o u l d  b e  a d a p c a b l e  t o  a n y  q u a n t i t a t i v e  c o u r s e .  T h e  p r - L n c i p a I
d i f f e r e n c e  b e t w e e n  t h i s  p a c k a g e  a n d  t h e  D e t m e r - S m u l l e n  s y s t e m  i s
t h a L  L h e  E e s t s  a r e  g e n e r a t e d  o n - l  i n e  w h e n  t l ^ e  s L u d e n t  - e q u e s t s
o n e  a t  t h e  t e r m i n a f .  T h e  i n s t r u c t o r  i d e n t i f i e s  c e r t a i n  p a r a m e -
F - . -  i -  F h -  F h ^ r  a r a  a Y n i n a . l  h l r

t hus  i nd i v idua l i z i ng  the  tes t .  The  tes t  i s  p r i n tea l  f o r  t he  s tu -
dent at a hard-copy Lerminal. Numerical anslvers are identif ied
by  pa ramete rs ,  ana l  r vhen  the  tes t  i s  f i n i shed ,  t he  s tuden t  re -
enlers the computer program and enters his numerical anslvers at
t h e  t e r m i n a l .  G r a d i n g  a n d  r e c o r d - k e e p i n g  a r e  r \ e n  d o n e  b y  t h e
computer.

Cor rpu te r -ass i sLed  LesL  cons t rucE ion  (CATC)  can  be  ve ry  use -
ful even if  the course is not self-paced and not computer-
managea l .  Fo r  examp le ,  Mark  Ha Ie  (Un ive rs i t y  o f  F lo r i da )  has
deve loped  a  p rob lem genera to r  f o r  d i f f e ren t i a l  equa t i ons .



Graphics

While graphics equipment is not yei: available on most co1-
fege campuses, many experiments are under way lo exploit this
medium for the obviously visual aspects of many mathematics
cou rses .  These  p ro jec ts  a re  much  too  d i ve rse  and  sys tem-
depenalent 1:o categorize neatly or summarize brief ly, but most
i nvo l ve  a  " super  b lackboara l "  app roach ,  some a fso  i nco rpo ra l i ng
mot ion .  Fo r  examp les .  see  the  papers  by  Ger ry  Po r te r  (Un ive rs i t y
o f  Pennsy l van ia )  and  E l l i o t  t an i s  (nope  Co l l ege )  i n  t . he  NECC/79
Proceed ings ,

A n o t h e r  a p p r o a c h  t h a t  h a s  o e e n  t r i e d  i s  L o  L s e  c o r r p u L e r
g r a p h i c s  t o  d e s i g n  a n d  p r o d u c e  s t a t i c  m a t e r i a l s  ( f o r  e x a m p l e ,
c u s t o m i z e d  o v e r h e a d  t r a n s p a r e n c i e s  o r  h a n d o u t s ) .  S e e  t h e  p a p e r
b y  K .  J o y ,  J , R .  W a r n e r ,  a n d  R .  Y u s k a i t i s  i n  t h e  C C U C / 8  P r o c e e d -
i n g s  f o r  a n  e x a m p l e ,

Finally, lvhi le v/ait ing foj: the graphics equipment Lo ar-
r i ve ,  cha rac te r  g raph ics  ( f i ne -p r i n te r  o r  l ow-speed  te rm ina l )  i s
a  feeb le  bu t  use fu l  subs t i t u te .  Eve ry  compu te r  sys tem has  p ro -
g rams  ava i l ab le  fo r  cha rac te r  p lo t s  o f  s imp le  func t i ons ,  Fo r  an
examp le  o f  t h ree -d imens iona l  cha rac te r  g raph ing ,  see  Smi th ' s
Sur face  package .

Networking

The  p r imary  ne t$ /o rk ing  se rv i ce  suppor t i ng  co l l ege - leve l  edu -
ca t i on  i s  EDUNET.  A  node  o f  t h i s  ne twork  p rov ides  access  by
Ioca ]  phone  ca l l  l o  many  l a rge ,  soph is t i ca ted  compu te r  sys tems
and  a  l o t  o f  packaged  so f tware .  Fo r  examp le ,  Shap i ro ' s  TSCT
mate r ia l s  a re  ava i l ab le  f rom the  L ln i ve rs i t y  o f  M inneso ta  v ia
EDUNET.  S ta t i s t l cs  packages  such  as  SAS and  SPSS a re  ava i fab le
f rom a  number  o f  supp l i e rs .  The  ne twork  a l so  p rov ides  a  way  to
examine  ma te r ia f s ,  such  as  those  f rom CONDUTT,  be fo re  dec id inq  to
purchase them.

There  a re  some r i sks  and  f rus t ra t i ons  assoc ia ted  w i th  us ing
a remote system, although EDUNET is doing everything possible to
assu re  tha t  he lp  i s  ava i l ab le .  One  o f  i t s  ea r l y  o f fe r i ngs  was
the MACSYMA symbolic manipulation systen from MIT, a very po!,rer-
fuf tool fol advanced mathematics and applications. Unfortunate-
1y ,  t he  ve rs ion  MIT  o f fe red  was  p rob lemat i c  and  no t  ma in ta ined .
EDUNET has since withahaq/n this service, br.tt  there is some pro-
spect that a supported version of I4ACSYMA v7i11 become available
on  EDL INET in  1980 .  (A  good  ve rs ion  o f  MACSYMA i s  ava i l ab le  v ia
ARPANET for those insti tut ions that quali fy, or by long distance
phone call  to MIT, piohibit ively expensive for mosL potential
u s e r s ,  )



Wond Processing

The pl imary obstacle to compuler-based text edit ing in math-
ematics has been the l inited capabil i ty of typewriter- l ike de-
vices for proalucing acceptable mathematical formulas anil  sl/mbols.
Now it is becoming possible, 'r i th dot natri)a alevices anal program-
mable keys, to overcome this diff iculty. Barry MacKichan and
Roger Hunter (New Mexlco State University) are using Pascal on a
Terak computer to develop. a nathematical telt  processor that $ti1t
make it  possible to wriLe and edit papers, leclure notes, ancl so
forth, sTilh t 'he proper mathematical spacing anCI characters.

l o



4. Summary of Survey Results

As was the case wi1-h the 1978-79 CoNDUIT surveys in other
d i sc ip l i nes ,  t he  ma themat i cs / s ta t i s t i cs  su rvey  was  i n  th ree
parts: department, faculty, and course. The survey forms vrere
sent l :o department heads requesting that they f i f l  out anal re-
turn the departmental forms anil  pass on to appropriate faculty
membels lhe combined facufty/course forms. The latter forms vr'ere
afso sent al irectly to approximately 10O faculty members known to
be  ac t i ve l y  us ing  compu te rs  i n  i ns t ruc t i on .  I n  a l l ,  8O0  depar t -
men ta l  f o rms  and  961  facu l t y  f o rms  repo r t i ng  on  2 ,050  i nd i v idua l
cou rses  were  re tu rned ,

Delmrtmental Profiles

Most of our returns are from departments with Mathematics or
Ma themat i ca l  Sc iences  i n  t he i !  t i t l es .  The  few  f rom a lepa r tmen ts
o f  s ta t i s t i cs  and /o r  compu te r  sc ience  a re  a l l  f r om la rge  schoo ls .
some demographic characterist ics of these departments are shown
in  tab le  1 .

Fifty-four percent of the t lepartment heads responaling reportetl
increaseil  use of lhe computer in their alepartments over the past
two  yea rs ,  43  pe rcen t  repo r ted  no  change ,  and  on l y  th ree  pe rcenL
repor ted  a  dec l i ne .  Th ree  ou t  o f  f ou r  expec t  t o  see  i nc reased
use  ove r  t he  nex t  two  yea rs ,  and  l ess  than  one  pe rcen t  f o resee  a
dec rease .

lfhere there has been an increase in use, the alominant lea-
sons have been demand by students and faculty, and changes in lhe
compu te r  sys tem.  The  fac to rs  ] im i t i nq  use  (and  g rowth  o f  use )
are seen to be lack of funds and ]ack of equipment. These fac-
tors are most important in smaller schools anal in schoofs where
the re  i s  l i t t ] e  o r  no  use  now.  (Bu t  mos t  o f  t he  schoo fs  where
a l l  o r  nea r f y  a ] l  o f  t he  facu l t y  use  the  compu te r  a re  a l so
sma l l . )  Lack  o f  f unds  i s  a l so  the  ma jo r  reason  c i t ed  by  those
who see no future gro\,rth, lrhi1e equipment changes anal increaseal
i h r F r F e ,  F r F  F v ^ a . + F , i  t ^  h p  l - h a  n r i v i r d  . n y . a s  h w  f h o s e  \ ^ r h o  d O

see gro\r"Lh.

Past increases tend to be concenlrateal in the four-year col-
leges and universit ies, and stagnation is concentrateal in the
schoo ls  tha t  do  no t  o f fe r  a  bache lo r ' s  deg ree .  Fu tu re  g rowth
appears  to  be  mos t  l i ke l y  i n  depa l tmen ts  tha t  o f fe r  a  bache lo r ' s
o r  mas te r ' s  as  the i r  h ighes l :  a leg ree ,  much  less  1 i ke1y  i n  t he  de -
pa r tmen ts  g ran t i ng  Ph ,D . ' s  ana l  i n  t he  j un io r  co l l eges '

1 1



Less t l .an t lro percent of alepartment heads identif ieal micros
ag a source for future change, but'  to a perGon these tesponalents

_ expec€eil  increased computer use.

TABLE 1

Departmental Demographic Profi le

Category Re spon se Percent

Highest degree None
Associate
Bache lo r ' s
Mas te r '  s
Doctorate

3 9
1 3
1 t

4L
2 0
L 3

9
1 8

2 7
2 0
1 6

2 5
L 9
1 8

2 5

2 3

3 9
7

gchool enrol ln6nt 1 - 1 , 0 0 0
I  , 0 0 1 - 5 , 0 0 q
5 , 0 0 1 - 1 5 , 0 0 0
>  r 5 , 0 0 0

Department
enrollment 1 1 - 1 0  0

101-  500
5 01-9  00
> 900

> 2 0

FfE faculty

Number of faculty
usrng comPuters

o
I
2
3
4 or rnof e

Extent of use None
Infrequent
Moilerate
Exlensive



Faculty Profiles

Characterist ics of our 961 facull :y responalents are shown in
table 2. Of those faculty members ans\^/ering questions about
change, 66 percent reported increaseal use in the pasl trvo yeafs,
lO  pe rcen l  repo r ted  no  change ,  and  on l y  fou r  pe rcen t  reDor ted
dec reased  use .  Seven ty - th ree  pe rcen t  o f  l hese  responden ts  see
further increased use in the next l :wo years, 26 percent see no
change ,  and  on l y  one  pe rcen t  p red i c t  a  dec rease .  where  the re  has
been  a  dec rease  o l  no  change ,  t he  l im i t i ng  fac to rs  l ve re  l ack  o f
money and lack of support staff.  l fhere a decrease or no change
is expected in the future, the reasons most often cited were sat-
u ra t i on  o f  f ac i l i t i es  and /o r  i n te res t .  The  p r imary  reasons  fo r
increaseal use in the recent past v/ere: course changes, hard\,/are,
software, student demand. and gro!r ' th in the f ield, in that or.der.
Fo]. future increases, the driving forces appear !o be hardware,
software, student demand, growth in t]he f ield, anal the number of
stualents. (These factors are rated in a somev/hal different order
by  facu l t y  i n  a lepa r tmen ts  o f  s ta t i s t i cs ,  where  ha rd l ta re  i s  seen
ai a much less important matter and soft$rare as more important'  )
The most important factors t imit ing gro\,rth in compuler use are

TABLE 2

F a c u l t y  D e m o g r a p h i c  P r o f i l e

CaLegory Response Perc  e  n t

fype of school Two-year

Un ive rs i t y

r - 1 , 0 0 0
1  , 0 0 1 - 5  ,  0 0 0
5 ,  0 0 I  - 1 5  ,  0 0 0
>  1 5 , 0 0 0
No  response

I 9
4 T
4A

1 6
3 9
3 0
1 3

3

Schoof enrol  lment

Acaalemic rank Ins t ruc to r  12
Ass t .  P ro fesso r  27
Assoc .  P ro fesso r  32
D - ^ + - . - ^ - / / . r " " i -  ) L

other 5

Numbet of courses
with computing

0
I
2
3
4 or more

'1

2 9
2 5
2 A
1 8



seen  to  be :  l ack  o f  t ime ,  equ ipmen t  (no t  so  impor tan t  t o  s ta t i s -
t i c i ans ) ,  f unds ,  so f tware ,  suppor t ,  t r a in ing  o f  s tuden ts  (more
impor tan t  t o  s ta t i s t i c i ans ) ,  and  acaa lem ic  rewa lds ,  i n  t ha t  o rde r ,
Over half the responilents mentioneal lack of t ime, and jusl under
one-fourth mentioned lack of reward.

We w i l l  see  i n  l he  nex t  sec t i on  tha t  use  o f  pub l i shed  ma te -
r i a f s ,  e x c e D l  i n  t h e  c a t e g o r i e s  o t  p r o g r d n n i n g ,  n r r e r i c a l  a - l a I y -
c i c  r h , n  c ^ i a h ^ a  i <  a + i  l l  : r  r  p a - r r  l ^ ! . '  l 6 ! / e l  .  I 4 r h e n

a s k e d  w h a t  m a t e r i a l s  n e e d e d  t o  b e  d e v e l o p e d ,  t h e  o r d e r  o f  r e s p o n -
s e s  w a s :  p r o b l e m - s o l v i n g ,  s i n u l a t i o n ,  p r o g r a m m i n g  e x e r c i s e s ,
d r i l 1  a n d  p r a c t i c e ,  t u t o r i a l ,  a n d  d a t a  a n a l y s i s ,  F o i  t h o s e  i n
s t a t i s t i c s  d e p a r t m e n t s ,  t h e  o r d e r  w a s  q u i t e  d i f f e r e n t .  O v e r
L h r e e - f o u r t h s  c i t e d  d a t a  a n a l y s i s ,  w h i l e  s i m u l a t i o n  a n a l  p r o b l e m -
s o l v i n g  w e r e  a  d i s t a n t  s e c o n d  a n d  t h i r d ,  a n d  n o n e  o f  t h e  o t h e r
c a t e g o r i e s  r e c e i v e d  s u b s t a n t i a l  s u p p o r t .  I t  i s  w o r t h  n o t i n g
h e r e  L h a t  o n l y  a  l h i r d  o f  t h e  r e s p o n d e n t s  ( a  f i f t h  i n  t h e  c a s e  o f
s t a t i s t i c i a n s )  w e r e  a w a r e  o f  t h e  e x i s t e n c e  o f  C O N D U I T ,  a n d  o n l y
s i x  D e r c e n t  h a d  u s e d  a n v  C O N D U I T  m a t e r i a l s .  I t  \ , / i l ]  b e  c l e a r
from the bibl iography that rnany of the mater ials "neealei l "  alreaaly
e x i s t  ( C O N D U I T ' s  a n d  o t h e r s ) .  H o \ ^ r e v e r ,  i t  i s  n o t  c l e a r  \ , v h e t h e r
o u r  r e s p o n d e n t s  v / e r e  r e a l l y  e x p r e s s i n g  p e r c e p t i o n s  o f  n e e d  o r
i u s t  o f  t h e i r  o w n  p a t t e r n s  o f  u s e .

Course Profiles

A  b r e a k d o w n  o f  t h e  2 . O 5 0  i n d i v i d u a l  c o u r s e s  r e p o r t e d  i s
s h o w n  i n  t a b l e  3 ,  M a t h e m a l i c s  h e r e  m e a n s  e v e r v t h i n q  n o t  i n c l u d e d
i n  t h e  o t h e r  c a l e q o r i e s .

TABLE 3

course Breakalov/n

Ca tegory Numbe r P e r c e n t
Publ i  shed
M a t e r i a l  s

Mathematics
S t a t i  s t i c s
a ^ m n , r + a r  q ^ i  a n - 6

N u m e r i c a l  A n a l y s l s

Other (  unident i  f ied )

'7 20
2 9 3

401
1 5 1

3 5
I 4
1 3
t 1
2 0

7

7 7

1 5 6
1 0 4
4 1 1

3

't- 4



Severa l  obse rva t i ons  abou t  t ab le  3  a re  i n  o rde r .  F i r s t ,
d v e f  4 0  n c r ^ F . t  n -  l - \ F  . ^ r l r q F c  r a h d r t a , i  ^ r a  i n  - h a  a f a a s  o T  . o m -
pu te r  sc ience ,  compu te r  p rog ramming ,  and  numer i ca l  ana lys i s .
\vhere computer use is no1: only manalatory but essential ly well-
established, well-understooal, and ivel l-supporleal by text materi-
a f s .  I n  schoo fs  tha t  a re  l a rge  enough  to  have  a  separa te  compu-
t e r  s c i e n c e  d e p a r t m e n t ,  t h e s e  s u b j e c t s  a r e  n o r n a l f y  a m o n g  i t s
l i s t i ngs  (p lacemen t  o f  numer i ca l  ana lys i s  i s  sub jec t  t o  1oca1
po l i t i cs ) ,  bu t  i n  mos t  schoo ls  they  a re  s t i l l  t augh t  i n  t he  ma th -
ematics alepartment, i f  al al l .  CONDUIT has never assumed any
respons ib i l i t y  f o r  d i s t r i bu t i on  o f  ma te r i a l s  l n  t hese  a reas ,
because none seemed to be needeal, our emphasls has been, anal
con t i nues  to  be ,  on  t rad i t i ona l  ma themat i cs  and  s ta t i s t i cs
cou rses  i n  v rh i ch  use  o f  a  compu le r  i s  s t i l l  a  re fa l i ve l y  ne \ ^7
idea. Thus, except for a brief cofiunent about the ma]-erials in
use in computer science courses, we wil l  focus on the f irst t lvo
categories in table 3. A further breakalown of the maLhematics
cou rses  i n to  t rad i t i ona l  ca teqo r ies  i s  shown  in  tab le  4 ,

TABLE 4

Mathematics Courses Using Computer s

u o u r s e  t r t  L e Number P e  r c  e n t
Publ i  shed
M a t e r  i a  I  s

Ca lcu Ius  (  s  i ng l  e -va r i  ab l  e  )
L inea r  A lgeb ra

Liberal Arts Mathematic s
Preca  l cu f  us
Finite Mathematics
Ca fcu lus  (  mu l  t i va r i ab le  )
n n a r ^ +  i  ^ n c  D a c a r  ' ^ } l

M i + h a m a t  i  - r l  M ^ A a l  i  n d

T  i  h a : r  D Y ^ d r : h m i  h ^

Teacher Education
Engineering Mathematics
Number Theory
Bus iness  Ma themat i c  s
Probabil i ty
A h c + r > - +  A  I  d a h r :

. 6 ^n6+  r ! r  / n ^^^ r  ^ ^ r ,

Aalvanced CaI cul  us
Sl.mbol ic Logic

T o t a l s

L94'7'7

6 9
6 9
6 A
46
3 2
3 0
2 9

2 0

1 3
1 1

7
6
4
3
2

l l
l 0
1 0

9
6
4
4
4
3
3
2
2
2
1
1

1

l 1
9
4
4
4

r 2
2
3

2
I
1

1 2 A r 0 0 7'7



The fol lowing patterns of computer use and materials emerged
from the course survey. As noted already, for mosl courses ttte
on l y  compu te r - re l  a ted  tex t  used  ( i f  any  a t  a l l )  was  a  book  on
programming. About 50 percent of the respondents reportei l  using
their olvn prepared notes, another six percent somebody else's
no tes .  The  p reva i l i ng  t ypes  o f  s tuden t  ac t i v i t i es  were  p rob lem-
solving, then simulation anal learning to program (these two about
even) ,  t hen  d r i l l  and  a la t .a  ana lys i s  (a1so  abou t  even ) .  The  p r i -
mar.y activity for instructors, i f  they useal the computer at al l ,
was alemonstrations.

Mos t  compu t inq  i n  Lh i s  f i e ld  i s  be ing  done  on  l a rge  ma in -
frames and on minicomputers, vith the mainframes holding a st ight
edge  (no t  as  l a rge  an  ea lge  as  fo r  a l l  d i sc ip l i nes  su rveyed) .  O f
course, the mainframes serve more users and tend to be locateal at
the larger schools, so many more students are using large compu-
lers than small ones. The use of both microcomputers and pro-
g rammabfe  ca l cu la to rs  i s  s t i l l  ve ry  sma ] I  i n  ma themat i cs  cou rses .
The dominant mode of use for both maxis and minis is interactive,
w i th  65  pe rcen t  repo r t i ng  use  o f  ha rd -copy  te rm ina l s  and  58  pe r -

o n t v  . q  n a r . F n r  r F n ^ r +  u s e  o f
ba tch  p rocess ing  (punched  ca rds  and  l i ne  p r i n te rs )  and  17  pe rcen !
repo r t  us ing  g raph ics  d i sp lay  te rm ina l s .  O f  cou rse ,  t he  ba tch
p rocess ing  i s  be ing  done  la rge l y  on  ma in f rames  anc l  w i th  Ia rge r
numbers  o f  s tuden ts  pe r  cou rse .  The  ]anguage  used  mos t  o f ten  i €
BAS]C, by almost a two to one margin over ! 'ORTRAN, lvith a]l  other
Ianguages  fa r  beh ina l .  The  mos t  popu la i .  o f  t he  o the r  l anguages  i s
APL ,  and  i t  i s  used  by  l ess  than  l 0  pe rcen t ,  APL  and  Pasca l  a re
in .use  p r imar i l y  a t  schoo ls  w i th  l ess  than  10 ,000  s tuden ts ,  ana l
PL / I  i s  f ound  p r imar i l y  a t  schoo ls  w i th  more  than  10 ,0O0 .  As
with large computers and batch processing, the use of FORTRAN is
understated in terms of number of students, because it  too is
assoc ia ted  v l i t h  I a rge r  numbers  pe r  cou rse .

The  l eve l  o f  compu t - i nq  acL i v iLy  by  s tudenLs  i s  g rea tes t  f o r
freshmen (nearly half of the courses reported are al: the freshman
Ieve1)  and  dec f i nes  rap id l y  w i th  the  upper - Ieve l  c lasses .  The
use  o f  p lob ]em-so lv ing  a l so  dec l i nes  l v i t h  s tuden t  advancemen t ,
and simulation lakes over as the alominant mode in the junior and
sen io r  yea rs .  Tu to r i a l s ,  d r i l l s ,  and  l ea rn ing  to  p rog ram a re
ac t i v i t i es  tha t  a re  heav i l y  concen t ra ted  i n  t he  f reshman  yea ! r  as
one \roulal expect. These patterns of student use are the same
regard less  o f  t he  s i ze  o f  t he  schoo l ,  bu t  c lass  s i ze  has  a  a le f i -
nite bearing: simulations are somewhat more l ikely with smaller
classes, and tutorials and dri l ls some\dhat more l ikely with lar-
g e r  c l a s s e s .

D e r o n s L r a t i o n ,  t l ^ e  t o p r a r k i n g  L y p e  o f  i n s t r u c t o r  a c t i v i t y ,
cu ts  ac ross  d i f f e rences  o f  schoo l  t ype  and  s i ze ,  1eve1  o f  cou rse ,
computer type, and language used. However, alemonstral ions are
l a c a  l i k a l l ,  w i + 1 - i  - 1 r c c  c i z a c  ^ ! ' 6 r - ,  - J V I o U S  r e a -
sons .  (The  techno logy  ex i s t s  f o r  l a rge -sca1e  a lemons t ra t i on  s  ,  bu t
i t  ntould be expensive to equip every classroom.) Other instruc-



t o r  ac t i v i t i es ,  such  as  i ns l ruc t i ona l  managemen t ,  t es t  genera -
t ion, and test scoring. are concentrateal at the freshman feve1,
with large class sizes, and on mainframes with FORTRAN as l:he
u | J e r  d  u r r r 9  f d r r g u o \ j c .

class sizes for the reported courses showeal about one-fourth
in  each  o f  t he  ranges  6 -15 ,  16 -25 ,  and  26 -50 ,  and  ha l f  t he  re -
ma inde r  w i th  f i ve  o r  l ess ,  ana l  ha l f  ove r  50 .  A lmos t  70  pe rcen t
of these courses v/ere one semester or one quarlef, and most of
the resl not over one year. For 80 percent of the colrrses, the
c o n p u t e r  s u p p o r t e d  n o L  r o r e  t h a n  2 0  p e r c e n t  o f  L h e  s t u d e n L ' s
t ime. However, the ratio of required Lo optional computer use
was almost two to one.

Computer Use in Statistics

Compute r  use  i n  s ta t i s t i cs  cou rses  i s  qu i l e  conunon .  The
predominant application is the use of the compuier as a computa-
t ional. tool to al low the stualent to avoial teal ious, t ime-consurning
ca lcu la t i ons  an i l  t o  pe rm i t  t he  ana lys i s  o f  l a lge ,  i n te res t i ng
da ta  se ts .  Th i s  w idesp read  app l i ca t i on  i s  i nd i ca ted  i n  t he  su r -
vey  by  the  fac t  t ha t  86  pe rcen t  o f  t he  sLa t i s t i cs  coL rses  us inq
the  compu te r  i nvo l ve  t l a ta  ana lys i s  as  a  s tuden t  ac t i v i t y ,  and  74
percen t  i nvo fve  p rob l  em-so lv ing .  I n  f ac t ,  many  cou rses  have  been
introduced at the upper untlergraduate Ievel lhat are devoted en-
t i r e l y  l o  t he  use  o f  t he  compu te r  as  a  too f  i n  da ta  ana lys i s .
The  pa t te rn  o f  compu te r  use  i n  s ta t i sL i cs  cou rses  t l i f f e rs
acco rd ing  to  the  s i ze  o f  t he  schoo l .  AL  shaL le r  co l l eges  the
faculty tentl to use locaIly writ ten software or a package pro-
vided by the computer vendor. At the larger univelsit les one
or more of the commercial ly marketeal data analysis packages
are available and are useal by the students.

The  su rvey  resu l t s  i nd i ca te  tha t  t he re  i s  app rox imaCe ly
equa l  usage  o f  l he  th ree  mos l  popu la r  packages ,  M in i t ab  (40
courses ) ,  sAs  (38  cou rses ) ,  and  sPss  (36  cou rses ) .  The  BMDP
package \^ras reported in use in f7 courses. Mini lab has more of
an instructional orientation than the other three, and over 70
percent of i ts use was in undergraaluate courses. The other three
are intenaled for res earch-oriented data analysis, and about 60
percent of the courses using these packages !"ere graaluate
cou rses .  Th i s  su rvey  on l y  i nc lua led  s ta t i s t i cs  cou rses  taugh t  i n
depar tmen ts  o f  ma thena t i cs  and /o r  s ta t i s t i cs ;  many  s la t i s t i cs
courses are taught in other departments, and these probably make
even greater use of alata analysis software packages. The only
other software package reporteal in use by more than one respon-
alent was the Tanis package (reporteal in four upper_1evel unaler-
graduate courses ) .
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C o r n p u t e r - o r i e n l e d ,  p u b l i s h e d  m a t e r i a l s  a r e  u s e d  m o s t  o f t e n
with soft \ i rare packages. Specif ica]Iy,  of  the 8l  courses in \rhich
p u b l i s h e d  m a t e r i a l  v / a s  u s e d ,  7 5  u s e d  m a n u a l s  f o r  o n e  o f  t h e  f o u r
software packages l isted above. The Mini tab handbook \das used in
l 3  c o u r s e s  ( 8 3  p e r c e n l ]  o f  L h o s e  i n  i v h i  c .  t l ^ e  p a c k a g e  w a s  u s e d ) ,
T h e  d a t a  a n a l y s i s  p a c k a g e s  ( S A S ,  S P S S ,  B M D P )  a l l  h a d  t h e i r
m a n u a l s  i n  u s e  i n  a b o u t  h a l f  o f  t h e  c o u r s e s  u s i n g  t h e  s o f t w a r e .
The only computer-or iented textbook reporteal in use was
S t a l i s t i c a l  A n a l y s i s :  A  C o m p u t e r  O r i e n t e a l  A p p r o a c h  b y
A f  i ' - i  a n d  A z e n .  T h i s  b o o k  D r e s e n t s  s t a t i s L i c s  w i L h  t h e  a s s u m p -
t i o n  t h a t  a  d a t a  a n a l y s i s  p a c k a g e  i s  a v a i l a b l e .  f t  w a s  r e p o r t e d
i n  u s e  i n  t . w o  g r a d u a t e  c o u r s e s .

B e c a L r s e  o f  t h e  c o m p u t a t i o n a l  o r i e n t a t i o n  o F  i h e  c o n p u t e r  u s e
in  s ta t i s t i cs ,  t he re  i s  s t i 11  a  heavy  use  o f  ba tch  mode  (42  pe r -
cen t  o f  responden ls )  and  fa rge  ma in f rame compu te rs  (73  pe rcen t ) .
The trend a\ray from batch toward t ime-sharing is present in sta-
t i s l i cs ,  bu t  t he  move  i s  s lower  than  i n  many  o the r  d i sc ip l i nes .

Computer Use in Calculus

Of  the  t rad i t i ona f  underg radua te  ma themat i cs  cou rses ,  ca l cu -
lus lyas the f irst to have signif icant amounls of computing

' : . '  ' m i h : l 6 e  i h  i h i c  . c d a r r l  ' r a h a  l r r h a  ^ r

use  he re  i s  more  heav i l y  o r i enLed  Eoward  p rob .Lem-so lv ing  Lhan  fo r
a l l  ma themat i cs  cou rses ,  l ess  toward  s imu la t i on  o r  t u to r i a l  and
d r i I I  a c L i v i t i e s .  A  q r e a L  d e a l  o f  i n s t r u c L j o n  i n  p r o g r a m m i n g  L s
assoc ia ted  w i th  s ing le -va r iab le  ca Icu lus ,  ve ry  l i t t I e  w i th  mu l t i -
v a r i a b l e  c a l c u l u s ,

The  pa t te rn  o f  ma te r i a f s  i n  use  has  sh i f t ed  somenha t  s ince
our  fas t  su rvey ,  The  mos t  popu la r  compu te r -ca l cu lus  tex t  (bu t
s t i l I  no t  i n  w idesp read  use )  i s  Smi th ' s  I n te r face :  Ca lcu lus  ana l
the  Co- " rpuLer  ( see  Lhe  b ib l i og raphy ) .  The  on f  y ! - rhe r  t ex t s  men-
tioned by more than one respondent were Stroyan, Orth, Lelnbach,
and Dorn-Bitter-Hector , The last two were more popular in our
previous survey, but Smith and Orth \rere relatively neu then, anal
S t royan  was  no t  ye t  i n  p r i n t .  The  l ead ing  tex t  i n  t he  p rev ious
survey v/as Lhe CRICISAI'{ book, which has virtual ly disappeared, as
d id  seve ra l  o f  t he  o the rs  men t ioned  l as t  t ime ,

Computer Use in Linear Algebra

As  qTas  t . he  case  w i l h  ca l cu lus ,  ac t i v i t y  i n  l i nea r  a tgeb ra  i s
orienteal more tov/ard probl em-so1ving, less toward simulation,
tu to r i a l ,  o r  d r i l 1 .  BUL  much  less  p rog ramming  i ns t ruc t i on  i s
assoc ia ted  w i th  th i s  cou rse .  The  usua l  t ype  o f  compu t ing  ac t i v i -
ly rel ieves the studenl of routine but tedious computations to
aflow more attention t.o t.he central ialeas. The leading texts in
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t h i s  a r e a  a r e  M c ] - a u g t l l i n r  W i 1 l i a m s ,  a n d  F r a l e i g h .
o f  t h e  t h r e e  a r e  C O N D U I T  p a c k a g e s . )

(Note that two

Computer Use in Differential Equations

I t  is novr almost standard for a differ.ential equations
course to include at leasl a brief unit on numerical methods,
although the computation may be done (with some diff icufty) on a
ca l cu fa to r .  A t  any  ra !e ,  t he re  i s  g row ing  recogn i t i on  Lha t  a
course that incluales only analyt ic methods of solution is a
f raud ,  s ince  these  me thods  w i l l  se la lom be  ones  needed  in  p rac -
t i ce .  Th i s  conv i c t i on  i s  re f l ec te i l  i n  t he  fac t  t ha t  v i r t ua l l y
every new book on differen1:ial equations being released includes
a chapter on numerical methods. A few of the better ones are
l i s ted  i n  t h i s  b ib l i og raphy .  The  ones  men t ionea l  mos t  o f ten  by
ou r  responden ts  were  Hag in  and  B raun '  I n  t h i s  cou rse ,  bo th
p rob lem-so lv ing  (numer i ca l  so lu t i on  o f  d i f f e ren t i a l  equa t i ons )
and simulation (the same thing, in an applieal context, anal per-
haps with graphical output) appear oftenr other activit ies appear
ve ry  l i t t l e .  Th i s  cou rse  i s  a  na tu ra l  f o r  g raph ics ,  and  we  ex -
pec t  t ha t  t he  p resen t  c rude  cha rac te r -g raph ics  p rog rams  w i l l  be
rep laced  as  g raph ics  te rm ina fs  and  m ic ros  become more  w idesp lead .

Computer Use in Finite Mathematics, Liberal Arts
Mathematics. and Teacher Education

These  cou rses  a re  g rouped  toge the r  because  the  boundary
f i nes  be t i , r een  them a re  tuzzy .  Typ i ca l  Lop ics  fo r  i nc lus ion  i n
s u c h  c o u r s e s  d r e  s e t s ,  s y m b o l i c  l o g j c ,  f j n i t e  c o m b i n a L o r i c s ,
ma t r i ces ,  e lemen ta ry  l i nea r  p rog ranun ing ,  f i n i t e  p robab i l i t y ,
M a r k o v  c h a j n s ,  a n d  e l e m e n L a r y  s L a t i s t i c s .  I f  t h e  c o u r s e  i s
t i t l ed  F in i t e  Ma themat i cs , .  t he  emphas is  may  be  more  on  p rob lem-
so lv ing r  i f  L ibe ra l  A rcs ,  more  on  concep tua l  re laL ionsh ips  and
pa t te rns  o f  t hough t .  I f  t he re  a re  enough  p rospec t i ve  (e lemen ta ry
and junior high) teachers to be taughl, thele may be more emptra-
sis on arithmetic and numeration systems, anal on statist ics
( r Q ' s ,  s t a n i n e s ,  e L c . ) ,  b u L  o t h e r l r i s e  t h e s e  s t u d e n L s  a r e  I i k e l y
to satisfy a requirement by taking one of lhe other types of

In al l  three cases, a nevt feature that is becoming stanalard
is a unit on prograruning (usually in BAsIc) and elementary con-
cepts about compulers. Some of this may be used for problem-
s o l v i r g  a n d  s i m u l a t i o n  ( b o L h  m o r e  L i k e I y  i n  f i n i t e  m a t h  c o u r s e s ) ,
and some of the freshman-level alr i l l  and tutorial activit ies lake
place in these courses. The most popular computer-related books
in l :he f inite math area are Dorn-Mccracken, Anton-Kofman, and
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Will iams, and in the l iberal arts category, Smith. No responalent
mentioneal any such book in connection with a course specif ical. ly
aimeal at teachers.

Computer Use in Precalculus Mathematics

T h e  s u b j e c t  m a L L e r  f o r  t h e s e  c o u r s e s  i s  a l g e b r a ,  t r i g o n o m e -
t r y ,  e lemen ta ry  funcL ions ,  and /o r  ana tyL i c  qeomet ry .  They  a re
o f ten  cons ide rea l  remed ia l  (depend ing  on  co l l ege  en t rance  requ i re -
men ts ) ,  somet imes  te rm ina l  (bas i c  sk i l l s ) ,  somet imes  l ead ing
to l va rd  a  s tandara l  ca l cu lus  sequence  (as  the  name sugges ts ) .  I n
th i s  a rea ,  t he  compu te r  i s  much  more  ] i ke ty  to  be  usea l  f o r  d r i l l ,
tutorial ,  instrauctional management, and test '  generation and scor.-
ing, anal much less for problem- solving, simulation, or program-
ming instruction, The only text mentioned more than once was
Lecuyer. But note that the primary activit ies here require soft-
\^rare support, noL a student text. Most of the software systems
deve loped  fo r  p reca l cu lus  cou rses  a re  heav i l y  s i t e -dependen t .  One
that is not (and that sho\rs some promise of aalding something use-
fu l  t o  d r i l l  and  p rac t i ce )  i s  t he  package  a leve loped  by  De lmer  and
S m u l l e n .

Computer Use in Operations Research, Modeling, and
Linear Progranming

These  a re  a reas  tha t  resemb le  compu te r  sc ience  and  numer i ca f
analysis in that conputer use is often manalatory, sophisLicated,
vell-understood. anal carried out by packaged routines provided on
Ia rge  compu t ing  sys tems .  These  a re  a l so  cou rses  tha t  a re  l i ke l y
to be taught in departments other than mathematics in schools
Iarge enough to support, for example, a department of operations
research. The only reason .for not al iscussing these courses sepa-
rately, as we did with the others, is because there are so few of
them. Computets are used in these courses primarity for pr:oblem-
so lv ing ,  s inu la t i on ,  and  da ta  ana lys i s .  However ,  so l v ing  a  p ro -
blem in one of these areas is l ikely to mean much mole than it
aloes in calculus, anal t 'he simulations are l ikely to be much more
amb i t i ous  than  i n  a  d i f f e ren t i a l  equa t i ons  cou rse .

2 0



Computer Use in Computer Science and Numerical Analysis

lvhi le we have disavoweal any intention to discuss these
areas, our survey sholved a few things about textbooks that may be
o f  i n te res t .  The  mos t  popu la r  compu te r  sc ience  book  (a t  l easL
for courses taught: in mathematics i lepartments ) is that by cear
(sRA) .  The re  were  many  books  i n  use  fo r  numer i ca l  ana lys i s ,  bu t
the most popular ones ivere Stark, Gerald, Conte-aleBoor, and
Johnson-Riess. A new book that is alreaaly attracting attention
i s  Bu rden-Fa i res -Reyno la l s .  The re  were  l i t e ra l I y  dozens  o f  p ro -
grafiuning texts identif ied in the survey--far too many to single
ou t  on l y  a  few .

Computer Use in Other Mathernatics Courses

For the other courses l istetl  in table 4, the responses were
few in number anal scatteretl ,  but definitefy growing from our pre-
vious survey. The message for mathematicians is that there is a
potentiaf use for computers in practical ly every course in the
curriculum. cooal materials already exist for number lheory, sym-
bo l i c  l og i c ,  and  p robab i l . i t y .  L i t t ] e  seems  to  have  been  done  ye t
w i th  o rgan ized  ma te r ia l s  f o r  mode ] .n  o r  abs t rac t  a lgeb ra  cou rses .
one woult l  expect that graphics devices would be put to l tork in
geometry anal lopology coutses, and they alreaaly have been for lhe
s tudy  o f  Fou r ie r  ana lys i s ,  f o r  examp le ,  i n  advanced  ca l cu lus '
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5. Prospects for the Future

Since the bulk of the materials development in mathematics
has  been  fo r  cou rses  i n  t he  ca l cu lus / l i nea r  a lgeb ra /d i f f e ren t i a l
equations range, the unmet neeals are nolv largely at the lowest
and  h ighes t  l eve l s  o f  t he  cou rse  spec t rum.  On  the  one  hand ,  much
rema ins  to  be  done  in  the  deve lopmen t  o f  cos t -e f fec t i ve  CAI ,  CMI ,
and  CATC fo r  l a rge  en ro f lmen t ,  remed ia l  p reca l cu lus  cou rses .  On
the  o the r  hand ,  t he re  i s  ve ry  l i t t l e  ava i l ab le  i n  t he  way  o f  o r -
gan ized  ma te r ia l s  f o r  exp lo la t i on  o f  a lgeb ra i c  s t ruc tu res  i n  an
abs t rac t  a lgeb ra  cou rse ,  f o r  examp le .  o r  f o r  t he  use  o f  g raph ics
in  an  advanced  ca l cu lus  o r  beg inn ing  topo logy  cou rse .

An upper-Ieve] course for lrhich a new development is under
way  i s  l i nea r  p roq ramminq ,  The  ex i s t i ng  naLer ia f s  range  f rom
se l f - con ta ined  p rob lem so l ve rs  (a  good  examp le  i s  t he  L INPRO p ro -
g ram in  l he  HP User  Con t r i bu ted  L ib ra ry )  t o  soph is t i ca ted  p roduc -
t i on - t ype  packages ,  such  as  IBM 's  MPS.  A  nev /  t each ing -o r i en tea l
package  v / i l l  u t i l i ze  a  p rog ram tha t  does  one  s imp lex  s tep  a t  a
t ime and aflo!9s lhe student to make decisions interactively about
such  th ings  as  Lhe  foca t i on  o f  t he  nex t  p - i voL ,

In  those  a reas  where  good  supp lemen ta ry  ma te r ia f s  nov r '  ex i s t ,
t he  nex t  phase  w i l l  be  g reaLer  i n teg ra t i on  o f  compu te r  ma te r ia l s
into standatd textbooks, thus making the suppfements obsofete.
(Th i s  has  a l reaa ly  begun ,  bu t  t he  p rocess  i s  s low ,  ana l  supp lemen ts
w i l l  be  w i l h  us  fo r  some t ime  ve t .  )

T h e  q r e a t e s t  n e e d  i n  s L a L i s E i c s  a l s o  i s  t l - e  t l e v e l o p m e n t  o f
Eex tbooks  Lha t  i nLeg ra te  t \ e  use  o f  Lhe  compu te r  i nLo  the  cou rse .
Many of the survey responalents who are using the computer in
the i r  s ta t i s t i cs  cou rses  a re  a fso  us ing  tex ts  tha t  a re  \ r r i t t en  as
i t  c o m p u L e r s  d i d  n o t  e x i s t .  S e v e r a l  E e x t b o o k s  h a v e  a t L e m p t e d
th i s  i n teg ra t i on ,  bu t  none  .o f  t hese  has  rece i vea l  w idesp read  ac -
cep tance .  The re  have  been  many  reasons  fo r  t h i s ,  bu t  one  tha t  i s
unique to the computer orientation of the texts is that many of
the  l eachers  o f  s ta t i s t i cs  were .no t  f am i l i a r  enough  w i th  compu-
te rs  and  d id  no t  have  t ime  to  ]ea rn  mo te .

E x p l o r a l o r y  d a t a  a n a L y s i s ,  - a d e  p o p u l a r  b y  J . I d .  T u k e y ,  i s
having a great impact on statist ics courses orienteal toward alata
ana lys i s .  T t l e re  w i l l  be  an  i nc reased  use  o f  t he  compu te r  t o  im-
plement t 'he techniques, as weII as to improve stualent unalerstand-
ing  o f  t he  concep ts  i nvo l ved .  Packages  have  a l reaa ly  been  deve l -
oped that incotporate these techniques, and an enhanceal version
o f  M in i t ab  w i l l  i nc lude  then r .
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.  t ' l i1]h computer costs decreasing rapidly, and with the coming
of lhe microcomputer, many problems can be overcome. The micro-
compu te r  a l so  w i l L  i n f l uence  the  ava i l ab i l i t y  o f  and  p rac t i ca l i l y
o f  compu te r  g raph ics .  Some maLer ia f s  a re  cu r renL .Ly  under  deve l -
o p m e n l  L h a L  u L i l i z e  g r a p h i c s ,  b u t  t r d n s f e r a b i l  i t y  a n d  t \ e  c o s t  o I
Lhe  equ - ipmenL  have  been  deLer ren ts  i n  L I ^e  pas t .  I 4 i c rocomou te rs
vT i th  g raph ics  capab i l i t i es  w i l l  f ac i l i t a te  these  app l i ca t i ons  i n
bol:h mathematics anal statist ics.

The  e -C fec t i ve  use  o - [  CA I  beyond  Lhe  rouL ine  d r i ] I  and  p rac -
t i ce  1eve1 ,  espec ia l l y  i n  h igh l y  concep tua l  cou rses  l i ke  ma thema-
tics, appears to depenal on better cornmunicatlons devices than
low-speeal teletypes with l imited character sets, restr icted di-
rection of motion, and uncertain response t imes from a t ime-shared
compu te r .  I n  add i t i on  to  g raph ics  d i sp lays ,  m ic rocompu te rs  can
a l ready  p rov ide  g raph ics  tab le t ,  t ouch -sense ,  o r  l i gh t  pen  i npu t ,
con t ro l l ab le  response  t ime ,  t one  genera to rs ,  and  vo i ce  syn the -
sizers, and in the not-too-al istant future, they !,r ' i11 have video-
d i sc  capab i l i t i es  as  we l l .  wh i l e  i t  won ' t  happen  qu i ck l y ,  t he re
w i l l  F v F n i r r a l  l v  h c  t r r r e  C A I  a t  a l l  1 e v e 1 s  o f  m a t h e m a t i c s ,  A n
example that already exists is ] -he VOCAL authoring system, devel-
oped by patr ick Suppes at Stanford, \ , thich uses a voice synthe-
s i z e r  t o  g i v e  a u d i t o r y  i n f o r m a t i o n  ( i n  a d d i t i o n  1 ] o  v i s u a l  i n f o r -
mation on a cRT display) l :o the studenL, under program contol .
A n  a p p l i c a t i o n  o E  t h i s  s y s t e m  c o  a  c o u r s e  i n  s y m b o l i c  l o g i c  i s
described in a paper by Tryg Ager anal James MacDonald in the NECC
P r o c e e d i n g s .

l{e predicted in our previous reports that systems l ike PLATo
and MACSYMA vr 'ouId have l i t t le impact on col lege mathematics for
the foreseeable future. With respect to PLATO, that is more cer-
t a i n  n o ! r ,  s i n c e  t h e r e  i s  I i t l f e  a p p r o p r i a t e  c o u r s e w a r e  o n  t h e
s y s t e m  n o \ ^ r ,  a n d  t h e  c a p a b i l i t i e s  o f  t h e  s y s t e m  d r e  r . a p i d l y
b e i n g  e x c e e d e a l  b y  m i c r o s ,  a t  a  f r a c t i o n  o f  t h e  c o s t  a n d  u n d e r
t o t a l  c o n t r o l  o f  t h e  u s e r .  M A C S Y M A  c o u l d  h a v e  s o m e  v a l u e ,  e s p e -
- i a l 1 r /  i n  i a ^  - ^ , t r c a c  i f  F h a  r + + a m ^ +  F ^  ^ r ^ -

v ide  i t  ove r  EDUNET had  no t  f a i l ed .  T t  i s  sa fe  to  say  tha t  i t
won't appear on a micro any t ime soon (but muMATH, a much smaLfer
symbo l i c  man ipu la t i on  sys tem,  i s  ava i l ab le  on  seve ra l  m ic ros ) .
According to rumors, MACSYMA may soon become a conrnercial proaluct,
l ike SPss and SAs, and it  nay then be available on a more \r iale-
s p r e a d  b a s s L s ,  i n c l u d i n g  p o s s i b l y  o n  E D U N E T .

A t  t he  o the r  end  o f  t he  techno log i ca l  sca fe ,  ca l cu fa to r  cap -
ab i l i t i es  con t i nue  to  deve lop ,  and  the  d i s t i nc t i on  be tween  them
and  compu te rs  i s  beg inn ing  to  b ]u l .  Oh io  S la te  Un ive rs i t y  has  a
lafge-scale project under lvay to develop materials to support the
use of prografirmable calculators in calculus courses. Another of
our predict ions in the previous report was that teachers of math-
ematics r^toulal continue lo nove in the direction of f inding an
appropriate mir. of the available computational tools to support
their educational objectives, anal we continue to see lhat process
a t  work .



In the three years since our previous report \ras written,
developments have been as we expected, except that \ ire did not
rea11y appreciate how fast changes in micros $/ould come on the
scene. Our summary of future prospects then is sl i l l  appropriatre
now, and we inalufge in the luxury of quoting ourselves:

"To summarize, the fol lowing devefopments point toward a
rapid increase in the use of numerical computation in mathe-
matics courses: pressures fraom outside the mathematics
depar tmen ts ;  ava i l ab i l i t y  o f  ca l cu la to rs  ana l  m in i compu te rs ;
and  the  ava i l ab i t i t y  o f  t r ans fe rab le ,  easy - to -use  packages
for the novice, supported by sounal text materials, and cap-
ab le  o f  runn ing  on  ex i s t i ng  equ ipnen t ,  -L r  may  be  an  ove r -
stalement to cal] t .his a revolutionary change, but i t  ap-
pears that mathematics courses (other than those attended by
small numbers of majors headed for graCluate study in pure
mathemat i cs )  i v i l l  l ook  ve ry  d i f f e ren t  f rom those  o f  20  o r
even  10  yea rs  ago .  The  po ten t i a l l y  d ramat i c  e f fec ts  o f  com-
puter graphics on the teaching of mathematics wit l  probably
no1: appear on a *idespreaCl basis as fast as their alevelopers
p rea l i c t ,  p r imar i l y  f o r  economic  reasons .  Deve lopmen ts  i n
hardware and soft$/are wilI  certainly continue. and costs
vri l l  continue to alecrease. Ho\tever, the impact of these
alevelopments wiI l  probabfy continue to be l imited to rela-
t ively few campuses unti l  there is a consensus among mathe-
matics teachers that we can no longer afford to do vrithout
these  too Is .  "



6. Information Sources

Journals
Note that abbreviations in parentheses ate used in the

nex t  sec t i on  to  i na l i ca te  sou rces  o f  rev iews .

The American Mathematical Monthly (AMM)

The most widely read and inf luential journal for col lege
teachers of mathematics, Percentage of computer-related
con ten t  i s  sma l l  bu t  g row ing .  Te leg raph jc  rev iews  espe-
ciaIIy helpful for keeping track of new books anal materi-

Amer i can  S ta t i 6 t i c i an

S ta t i s t i ca l  Compu t ing  depar tmen t  ana l  Teacher ' s  Corne r  a re

compu t rnq  Kev lews  I  cK ,

Reviev,/ ing journal of the Association for computing Ma-
ch ine ry .  I nc ludes  rev iews  o f  ma themat i cs  and  s ta t i s t i cs
textbooks thac involve comDutinq.

c rea t i ve  compu t ing  ( cc )

Orienteal towaral microcomputers and their uses. Good re-
vievrs of equipment and software. Educational applications
tentl to be more at the secondary level than al the colle-
g ia te .  Lo ts  o f  games  and  bus iness  app l i ca t i ons  as  we l1 .

Ealucational sludies i .n Malhematics

Published in Hollanal. Contains many conputer-related
a r t i c l es .

i tournal of the American statist ical A6sociation (. lAsA)

PLlbI ishes u6efu1 book reviews.
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Mathematics Magazine (MM )

Intended to reach unilergraduates directly, but many useful
a r t i c l es  fo r  i ns t ruc to rs  as  we l l .  compu le r - re la tea l  con ten t
i nc reas ing  g radua l l y .  He lp fu l  b r i e f  sunmar ies  o f  cu l ren t
books anal art icles.

Mathematics Teacher (MT)

Many  a r t i c l es  by  co l l ege  facu l t y  members ,  bu t  readers  a re
p r ina r i l y  h igh  schoo l  and  j un io r  co l l ege  teachers .  Ou i te
a  fe \d  compu te r - re la ted  a r t i c l es ,  p lus  announcemen ls  o f
p roduc l s ,  se rv i ces ,  an i l  pub l i caL ions  i nvo l v ing  compu te rs .

S IAM Rev iew (  SR)

c lass room No tes  sec l i on  fo r  s ign i f i can t  app l i ca t i ons  o f
ma themat i cs  su i tab le  fo r  cLass room p resen ta l i on ,  many  o f
\dhich involve the use of computers. Helpful book reviews

Two-Year Col lege Mathematics Journal (TYCMJ)

Contains a Computer Corner section for short notes, plus
occas iona l  l onge r  a r t i c l es  l v i t h  compu te r - re la ted  con ten t .

Other Information Sources

Ad Hoc Conunittee on Applied Mathematics Training (AMTRAC). lbg
RoIe of Applications in the Undergraduale Mathematics curricu_

Report of a National Research council  conmittee chaired by
Pe te r  H i l t on .  A rgues  fo r  app l i ca t i ons  i n  t t l e  ma themat i cs
curriculum, basic competence in computer progfanuning for
eve ry  ma themat i cs  ma jo r ,  and  use  o f  s tua len ts '  compu t ing
know ledge  in  app rop r ia te  cou rses .

Committee on the
dat ions fol  an

Underg  radua te
lJnderqraaluate

Program in M a l h e m a t i c s .
Proqram in Computat ional

Recommen-

M a t h e m a t i c s . B e r k e l e y ,  C A : c u P M ,  1 9 7 1 ,

Conunittee on the Undergraduate Program in Mathematics. Reconmen_
dations on Undergraduate Mathematics courses lnvolving
compu t ing .  Be rke ley ,  cA :  CUPM,  1972 .



Conmil tee on the Undergtaduate Program in
diun of CUPM Recorunendat ions. Belkelev,

M i l t o n ,  R . C . ,  a n d  N e I d e i ,  J . A . ,  e d s .
N e v /  Y o r k :  A c a a l e m i c  P r e s s ,  1 9 6 9 .

Mathematics. A Compen-
C A :  C U P M ,  1 9 ? 5 .

con fe rence  on  CompuLers  i n  t he  l Jnde rq raduaLe  cu r r i cu la  (CcUc) .
-Tota-=IEi: 

ma u;fversity of rowa weeg computing center, 1970-
1 9 7 8 .

Annual proceealings, CCUC/l l 'hrough CcUc/9. The mathematics
and  s ta t i s t i cs  sec t i ons  i n  nu rnbe rs  l ,  2 ,  3 ,5 ,  8 ,  ana l  9  a le
pa r t i cu la r l y  use fu l .  Rep laced  by  the  Na t iona l  Ea luca t i ona l
Compu t ing  Con fe rence  i n  1979  ( see  be low) .

Car tand ,  S .J , ,  ed .  Ca lcu lus  and  Cornpu t i nq .  Wash inq ton :  Amer i can
Mathematical Society anal Mathematical Association of A"nerica,
r975  .

Pamph le t  p resen t i ng  case  s tua l i es  f rom n ine  d i f f e ren t
schoo ts ,  samp le  p rob lems ,  he lp  on  ge t t i ng  s ta r ted ,  and  a
bibl iography.

Lasa l fe ,  J ,P . ,  ed .  The  In f l uence  o f  compu t ing  on  Ma themat i cq l
Research  ana l  Educa t i on .  P rov idence ,  R I :  A re r i can  Ma themat i ca l
s o c i e t y ,  1 9 7 4 .

P roceed ings  o f  t he  AMS Sympos iu 'n  i n  App l i ed
he ld  a t  t he  Un ive rs i t y  o f  Mon tana ,  Augus t ,
(19?5)  :Rev ie ! r '  No .  28683 .

Incluales the two previous items anal the 1965 GCMC reporl.
Te leg raph ic  rev iew :  AMM 83  (1976) :73 .

Mathematics
1 9 7 3 .  C R  1 6

Proceealings of a conference. fncludes two papers on
teach ing  o f  s ta t i s t i cs  t t i t h  compu te rs ,  p lus  seve ra l  o the r
p e r t i n e n t  p a p e r s .  A M M  7 7  ( 1 9 7 0 ) : 9 0 8 '

s ta t i s t i ca l  compu ta t i on .

lndexUndergraduate Mathematics Applications Project (Ul ' lAP) .
ana l  Desc r ipL ions  o f  Ava i Iab Ie  Ma themat i cs  Modu les .
EDC/UMAP.

Newton, MA:

Lists hundreds of applications moalules in variorls stages
of alevelopmentr relatively few are specif ical ly computer-
re la ted .  Un i t s  i n  f i na l  s tage  a re  tho rough ly  c lass_
tesleal anal revie\ted. other UMAP publications (regularly
upda ted )  i nc lude :  UMAP ca ta lo9 ,  Un i t  samp le rs ,  UMAP
Pro jec t i ons  (news le t te r ) ,  and  va r ious  monographs .
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National Etlucational Computing Conference (NECC). Iowa City:
T1te Universi ly of lowa Weeg Conputing Center, 1979.

NECC is the successor to CCUC. Merger with several otttel 
-\-'/

groups anal conferences resulteal in fewer discipl ine-
orienteal papers, more empha6is on neu technofogy, anal
higher overal l  quali ty. Only lwo papers on mathematics,
both containing useful information on computer graphics.



7. Materials of Interest

The fol lo\t ing materials have t)een identif ied as having po-
tential use for mathematics instruction. Addit ional information
about these units can be obtaineal by writ ing to the authots or
publishers, For information aboul lhose materials distr ibuted by
coNDUIT, see the CoNDUIT Catalog' Journal abbreviations refer to
the l ist in the previous section. Most reviews in the Monthly
(AMM) are telegraphic revierds consist ing of complete blbl iograph-
ic information anal brief comments.

A l 1 e n ,  R . C . ,  , J r . ,  a n d  w i n g ,
Or ien tea l  Ca lcu lus  Course ,

Calculus

M.C.  P rob fems  fo r  a  compu te r
E n g l e w o o d  C l  i f f s :  P r e n L i c e - H a I I ,  1 9 7 3

Cons is t s  o f  s ta temen ts  o f  p rob lems  fo r  a  ca l cu lus  l ab ,  se -
lected solutions (with programs anal outpul), an appenalix on
FoRTRAN,  and  accompany ing  so lu t i ons  manua l .  AMM 8 f  (1974) :
8 0 5 .

B a r r ,  R . C . r  G a l l i e ,  T . M . ,  J r . ;  H o d e l ,  M ' J . i  H o d e l ,  R ' E . ;
Mur ray ,  F .J . r  Sn i l h ,  D .A . r  ana l  Smi th ,  D ,A . ,  I I .  MArHPROGRAM:
A Compu te r  Supp lemen t  f o r  Ca lcu lus '  I ov ra  c i t y :  CoNDUIT ,  1980 .

Package  cons i s t s  o f  a  s ing le  p rog ram to  tabu la te  up  to  seven
sequences  (poss ib l y  i n te r re la ted  and  a le f i ne t l  r ecu rs i ve l y ) ,  a
stualent manual with an extensive problem set, and an in-
s t ruc to r r s  manua l .  s tuden ts  use  the  p rog ram to  so fve  p rob -
lems  in  s ing le -va r iab le  and  mu l t i va r i ab le  ca l cu lus  by  i n -
se rL ing  de f i n i t i ons  o f  a lgo r i t hms  in  i t  be fo re  runn ing  the
program. Available in BASIC from CONDUIT, and in FoRTRAN,
PL / I ,  and  APL  ve rs ions  f rom the  au tho rs  a t  Duke  Un ive l s i t y .

Bogar t ,  K , ,  and  V i ta le ,  M .  The  Ca Icu lus  o f  Popu la t i on '
I \ f en twor th ,  NH:  cOMPress ,  1974 .

Short text on calculus of elementary functions, motivateal by
problems in population growth and supported by computer ap-
p l i ca l i ons .

Dorn ,  W.S . r  Hec to r ,  D .L . ;  and  B i t t e r ,  G .G .  Compu te r  App l i ca t i ons
fo r  Ca lcu lus .  Bos ton :  P r ind le ,  Weber ,  and  Schn id t ,  19?2 .

conlains many possible applications of compuling in calcu-
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Fossum,  T ,V , ,  and  ca t te ra lam,  R .W.
An Apptoach to Pr.oblem Solvinq.
and  Co .  ,  1980 .

as a source of ialeas for instruc-
s tuden ts ,  f he  p rog rams  a re  i n
appendices on each language. For a
)  : 1 0 3 .

u t e r :

f us .  May  be  more  use fu l
tors than as a text for
FORTRAN and BASIC, with
rev j -ew ,  see  AMM B0  ( f973

Supplementary text intended to i l lustrate anal reinforce
concepts and develop algorithmic problen-solving tech-
n iques ,  w i th  emphas is  on  ana lys i s  ana l  i n te rp re ta t i on  o f
numer i ca l  resu l t s .  S i x teen  "co re "  sec t i ons ,  f i ve  , , sup -
p lemen ta l y "  sec t i ons ,  and  append ices  on  f l owchar t s ,  BASIC ,
and  e r ro r  ana lys l s .  Each  sec t i on  con ta lns  a t  l eas t  one
algorithm presented both by f lowchart and by BASIC program.

Hamming ,  R .W.  Ca lcu lus  and  the  Compu te r  Revo fu t i on .  Bos ton :
l r o u q n l o n  m l r t  L  a n ,  1 9 t t 8 .

Shou Id  be  requ i red  read ing  fo r  i ns t ruc to rs ,  bu t  may  be
too terse for students, No conputer problems or program-
ming  a re  i nc luded .  AMM 76  (  1959  )  : 576  .  M . r  63  l t 971 )  t 2a2 ,

Foresman

S inq Ie  Va r iab le  Ca lcu lus  w i th  an

app l i ca t i ons ,  ap -
1 9 7 1  )  : 5 5 6 - s 5 ?  .

Me thods .  New York :  Wor th  Pub l i she rs ,
H e n r i k s e n ,  M . ,

I  n t roduc t i on
a n d  L e e s ,  M .
t o  N u m e r i c a l

1 9 ? 0

In teg ra ted  ca l cu lus  tex t  w i th  nuner i ca l
propriate for honors students. AMM 78 (

H o r n ,  R .  N o t e s
Department of
1 9 1 6 .

L a x ,  P . D .  r  B u r s t e i n ,  S
t i ons  and  Compu t inq .
1 9 7 6 ,  1 9 7 9 .

Packaged  p rog rams  in  BASIC ,  p lus
To appear as a CONDUIT package.

a n  e x c e l l e n t  p r o b l e m  s e t .

Ba l t imore :
Un ive rs  i t y ,

. 2 .  i  ana l  Lax ,  A .
V o l s ,  1  a n d  2 .

Calculus i r i th Appl ica-
New York: Spt inger-Verlag,

Represen ts  a  res t ruc tu r i ng  o f  t he  ca l cu lus  cou rse  as  an
introaluction to applied mathematics. The appendix contains
FORTRAN so lu t i ons  to  seve ra l  p rob tems .  AMM 83  (1976) :75? .

Ca lcu lus  ana l the Com
u l e n v l e w ?  - t  L : S c o t t ,

for a Calculus Computer Labofatorv.
M a t h e m a t i c a l  S c i e n c e s , i lohns Hopkins
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Leinbach, L.C. Calculus with the computer: A l ,aboratory Manual.
E n g l e w o o d  c I  i f f s :  P r e n t i c e - H a 1 1 ,  I 9 7 4 .

stualent-oriented manual intended to supplement any calculus
course, r ir i th appendices on BASIC and FORTRAN and a solutions
manual . AMM 81 ( 1974 ) :  190 .

L y n c h ,  R . V .  i  o s l b e r g ,  D . R . ;  a n d  K u l 1 e r ,  R . G . Ca lcu lus  v i t h

Ca lcu la to r  Ca Icu fus . P a I o  A l t o :  P a g e - F i c k l i n ,  1 9 7 5 .

Compute r  App l i ca t i ons .  Lex ing ton ,  MA:  xe rox ,  1973 '

Ambit ious calculus text lr i th an appenalix on computer appli-
ca t i ons  and  numer i ca l  me thods  .  AMM 80  (  f 973  )  : 1082  .

An alternative to many of the books in this l ist,  covering
most of the same topics, but with computal ional exercises
to be done with a calculator. Could be used to introaluce
numerical methods earIy, lvi th use of the computer deferred
unti l  i t  becomes clearly necessary for problems beyontl the
reach  o f  t he  ca l cu la to r .  AMM 83  (  1976  )  :  394 .  SR 20  (  1978  )  :
1 9 6 - 1 9 7 .

M c N e a r y ,  S .  S .
o f  C a l c u l u s

Inlroduction to Cornputational MeLhods for Students
Eng lewood  C t i f f s :  P ren t i ce -Ha1 l ,  1973 .

Tex t  f o r  a  cou rse  pa ra l l e l  t o  o r  f o l l o$ r i ng  second-semes te r
ca l cu lus .  The  p rog rams  use  FoRTI IAN.  AMM 80  (1973) :962 .
c R  1 5  ( 1 9 7 4 ) : R e v i e v r '  N o .  2 6 3 1 6 .

Or th ,  D .L .  Ca lcu lus  i n  a  Nev /  Key .
t97  6 .

Swarthmore, PA: APL Press,

A  rework ing  o f  t rad i t i ona l  ca l cu lus  top i cs  i n  an  a lgeb ra i c
and atgorithmic framework, using APL notation anal concepts
t h r o u g h o u t .  c R  1 9  ( 1 9 7 8 ) : R e v i e w  N o .  3 2 4 8 0 .  c C  3 , 5  ( 7 9 7 7 ) l
L O 2 .

shaD i lo ,  L .  rnd i v idua l i zed  supp lemen ta rv  ca l cu lus  Ins t ruc t i on
( i s c r j ,  u i  n ,
Un ive rs i t y  o f  M inneso ta .

A computer-tutor program for diagnosing student diff icult ies
with problems \,those 60lutions have been attempteal off-I ine.
Program has been moved successful ly to severaf different
computers anal can also be accessed via EDUNET. Relateal ar-
t i c l e  appears  i n  AMM 84  (1 ,977 ) t476 -4A I .

3 l



S m i t h ,  D . A .
Houghton

Interface: Calculus anal the Computer. Boston:
Mailr-i;:--19;6-

stualent-oriented enrichment text and 1ab manual, with appen-
d i ces  on  FORTRAN,  BASIC ,  and  PL / I ,  and  an  i ns t ruc to r ' s  man-
ual with complete solutions and suggestions for use. Also
available with two character-graphic s programs as CONDUIT
p a c k a g e  + M T H l O 5 .  A M M  8 3  ( 1 9 7 6 ) : ? 5 6 .  C C  3 , 1  ( J a n .  1 9 7 7 ) .

Smi th ,  D .A .  Su r face :  A  Th ree -D imens  i ona l  c raph ics  Modu le  fo r
Mu l t i va r i ab le  Ca lcu lus .  I owa  C i t v :  CONDUIT ,  1978 .

character graphics package to support the stualy of functions
o f  two  va r iab les .  P rog ram ava i fab le  i n  FORTRAN o r  BASIC ,
plus stualent manual . Related art icle appears in MM 50
1 I 9 7 7  )  t 7 4 3 - 1 4 7  .

S t e n b e r g ,  W . ,  a n d  W a l k e r ,  R . J .  C a l c u l u s :  A  C o m p u t e r  O r i e n t e d
P r e s e n t a t i o n .  T a l l a h a s s e e :  C e n t e r  f o r  R e s e a r c h  i n  C o I l e g e  I n -
; i ; ; t io;=? science anal Mathematics (cRrcrsAM), Floriala state
Un ive rs i t y ,  I 968 .

In teg ra ted  cou rse  p resen t i ng  a  non t rad i t i ona l  o rde r ing  o f
top i cs .  W ide ly  used  fo r  a  number  o f  yea rs ,  bu t  a  i ecen t
ad in AMM announced l iquidation of remaining stock by
CRICISAM,  Re la tea l  pub l i ca t i ons  i nc lude :  AMM 78  ( r971 ) :
284 -29 I .  TYCM, I  (Fa l1  197 I  )  : 5 I -54 .

S t royan ,  K .D .  Compu le r  Labora to ry  i n  Ca lcu lus  and  L inea r
A l g e b r a .  I o w a  C i t y :  C O N D U I T ,  I 9 ? B

Package consists of a laboratory manual and 27 BASIC
programs to support a four-semester calculus sequence vrith
l i nea r  a lgeb ra  i n  t he . th i rd  semes te r .  AMM 86  (19?9) :32O.

Statistics and Probability

A f i f i ,  A . ,  a n a l  A z e n ,  S .
Or ien ted  P resen ta t i on ,
P r e s s ,  1 9 ? 9 ,

S t a t i s t i c a l  A n a l s i s :  A  C o m
Ne\r York:

u te r
Acaalemic

A textbook which integrates the use of alata analysis
packages into an advanced undergraduate or gfaaluate course
with emphasis on applied statist ical techniques. JASA 69
( 1 , 9 7 4 ) . 2 7 9 .  A M M  8 6  ( 1 9 7 9 ) : 5 1 7 .



Dershem,  H .  Compu te r  Exe rc i ses  fo r  E lemen ta ry  S ta t i s t i cs .
wen lwor th ,  \

A package containing 49 exercises, 2a FoRTRAN subprograms,
ana l  5  da ta  se ts  fo r  use  i n  a  p reca l cu lus  s ta t i s t i cs  cou rse .
To appear as a CONDUIT package.

D l X O n ,  W . J . , ed .  l lMUP lJ romedla1

o f  ca l i f o rn ia  P ress ,

c i l be r t ,  N .  S ta t i s t i cs .  Ph i l ade lph ia :  Sauna le rs ,  I 976

G r o e n e v e l d ,  R . A
g:ilc-!4919.

An Introaluction to Probabil  i t a n d  S t a t i  s l i c s
Y o r k :  M a r c e f  D e

B e r k e l  e y :

Desc r ip t i ve ,  i n fe ren t i a l ,  ana l  nonparamet r i c  s ta t i s t i cs  fo r
nonmathematics majors. Computational exercises using com-
puter programs provialed on puncheal carals with accompanying
nanua l .  AMM A4  ( I9 ' 7 ' l  ) . 229 .

New

I n tena lea l  f o r  a  cou rse  fo l l o \ r i ng  ca fcu lus  o f  one  va r iab le .
Forty-eight short, interactive BASIC programs are provided
fo r  examp les  and  s imu la t i ons .  B r ie f  i n t roduc t i on  to  BASIC
in  an  append ix .  A1 I  p rog rams  in  the  tex t  a re  ava i l ab le  on
tape from the alr lhor at Tovra State University. AMM a6
( I 9 7 9 ) : 5 1 7 .

K l e c k a ,  w . R . ;  N i e ,  N . H . i  a n d  H u l 1 ,  C
M c c r a w - H i l 1 ,  1 9 7 5 .

Cood  handbook  fo r  cou rses  us ing
belolr.

. H .  S P S S  P r i m e r ,  N e \ d  Y o r k ;

S P S S .  S e e  a f s o  N i e ,  e t  a I

K o s s a c k ,  C . F . ,  a n d  H e n s c h k e ,  C . 1 .  I n t r o d u c t i o n  t o  S t a t i s t i c s  a n d
c o m p u t e r  P r o g r a m m i n g .  s a n  F r a n c i s c o :  H o l d e n - D a y ,  1 9 7 5 .

r h r r ^ ^ , , - r - ^ r \ /  c r A r i a + i - s  t e x t  f o r  s t u d e n t s  o f  s o c i a l  s c i -
encesi includes three chapters on FoRTRAN and numerous FOR-
TRAN programs \rhich i l luslrate stat ist ical  concepts. cR 17
( 1 9 7 6 ) : R e v i e w  N o .  2 9 6 1 8 .  A M M  8 4  ( 1 9 7 ? ) : 6 7 0 .

M c N e i l ,  D .  R .  .  N " t
Y O r K :  W a r e v ,  r v l / .

A supplement for a course in exploratory data analysis in-
cluding APL and FORTRAN implemenlal ions of the techniques.
J A S A  7 3  ( 1 9 ? 8 ) : 8 8 7 .  c c  3 , 6  ( N o v .  I 9 ? 1 ) z ) - 2 4 .

Compu te r  P roq rams .



N i e ,  N . H . i  H u l 1 ,  C . H . i  i l e n k i n s ,  J . c . ;
D . H .  S P S S :  S t a t i s t i c a l  P a c k a q e  f o r
ed i t i on .  New York :  Ycc ra$ r -H i11 ,

S t e i n b f e n n e l ,  K , ;  a n a l
t h e  S o c i a l  S c i e n c e s ,

Ben t ,
seconal

Reference manual for SPSS
techniques available wil :h
For those using version ?
Upalate, also published by

a s  w e l l  a s  f o r  t h e  s t a t i s t i c a l
t h e  p a c k a g e .  A M M  8 3  (  1 9 7 6  )  :  ? 7  .
o r  8  o f  S P S S ,  t h e r e  i s  a n  S P S S
M c c r a w - H i 1 1 ,  1 9 7 9 .

Richa ra l son ,  R .H . ,  and  S tones ,  D .H .  Quan t i t a t i ve  Exper imen ta l
Ana fys i s .  I o ! r ' a  C i t y :  CONDUIT ,  1978 .

Seven moalules designed for use \4rlth an applied statist ics
course. Accompanying FORTRAN programs are interactive
and  u t i l i ze  random samp l ing  and  g raph ica l  ana lys i s ,  No
ca lcu lus  ] t r re reou is i t e .

R y a n ,  T . A . i  ; l o i n e r ,  B . L . ;  a n d  R y a n ,  B . F .
Manua l .  Un ive rs i t v  Pa rk ,  PA :  S ta t i s t i cs
i i i fE-state univer; i ty.

R y a n ,  T . A , r  J o i n e r ,  B . L . i  a n d  R y a n ,  D , F .
Handbook, North Scituate, MA: Duxburv
f rom Wadswor th  Pub l i sh inq  Co . ,  Be I ' non t . ,

MINITAB 11 Re ference
Department, Pennsyl -

I n tendea l  f o r  p reca l cu lus  s ta t i s t i cs  cou rses i  sys tem con -
tains compuCalional, plott ing, and simufation routines with
ex tens i ve  e r ro r - check ing  anC l  d iagnos t i cs ;  ava i l ab le  i n
transferable form.

MINITAB Student
Press .  Now ava i  Lab l  e
cA.

SAS In t roduc to ry  Gu ide , Ra ]e igh ,  NC:  SAS Ins t i t uLe ,  1978 .

Supplemental text for statist ics course vrhich uses the
M i n i t a b  p a c k a g e .  , I A S A  7 2  ( 1 9 7 7 ) : 9 3 3 ,

19  79  ed i t i on .
1 9 7 9 .

The co-nplete story on SAS in a very reatlable forn-

Sca lzo ,  F . ,  and  Hug t les ,  R .  E lemen ta ry  Compu te r -Ass i s tea l

Beg inne r ' s  gu ide  to  the  s ta t i s t i ca l  Ana lys i6  sys tem (SAS) .
see  a l so  the  nex t  l i s l i ng .

SAS User '  s Guiale, K a l e l q n ,  N c :  5 l t 5  . t n s t l t u t e r

Sta t i s t i cs , rev iFed  ed i t i on .  New York :  Van  Nos t rana l ,  1978 .

Elementary statist ics text lvith accompanying BASIC programs
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f o r  pe r . f o rm ing  ca l cu la t i ons .  AMM 84  (  19?7  )  : 670 .
( 1 9 7 ' 7  )  .  R e v i e l i :  8 6  ( 1 9 ? 9 ) : 6 0 7 .

c R  l 8

Sne11 ,  J .L ,  I n t roa luc t i on  to  P robab i l i t y  Theory  w i th  Compu t inq .
E n g l e w o o d  C l  i f t s :  P r e n t i c e - H a I 1 ,  1 9 7 5 .

Introductory probabil i ty textr makes use of BASIC programs
! o  - i I l u s L r a L e  c o n c e p L s  b y  s i m u l a t i o n .  A l a M  8 2  ( I 9 7 5 ) : 1 0 3 f .

Tanis, E. Labor.atory Manual for Probabil i ty and Statist ical
I n f e r e n c e .  I o w a  C i t y :  C O N D U I T ,  I 9 7 8 .

W e e d ,
N H :

Labora to ry  exe rc i ses  fo r  ma themat i ca l  s ta t i s t i cs  cou tse ,
l r i t h  58  ba tch  o r  i n te rac t i ve  FORTRAN subproq rams .

H .D .  Desc r ip t i ve  S ta t i s t i cs ,  second  ed iL ion .  Wen twor th ,
c o M P r e s s ,  1 9 7 8 .

supp lemen t  t o  i n t r : oduc to ry  s ta t i s t i cs  tex ts r  i nc ludes  fou r
BASIC programs for elementary alescript ive statist ics calcu-
la t i ons .  A l so  ava i l ab le  as  CoNDUIT  packaqe  *sTA l l 4 .

Linear Algebra

Agnew,  J . ,  and  Knapp ,  R .C .  L inea r  A fqeb ra  w i th  App l i ca t i ons .
Mon te rey ,  cA :  B rooks /co le ,  1978 .

We l l -w r i t t en ,  one -semes te r  t ex t  w i th  app l i ca t i ons  and
compuLer  p rog rams  in  eve ry  chap te r .  AMM 86  (1979) :?0 .

F ra le igh ,  J  .B .  @.  Io tda
C i t y :  CONDUIT ,  1977 .

Package  cons i s t i ng  o f  seven  BASIC  p rog rams  and  a  supp le -
mentary texl vri th computer projects lo enhance gtanalaral
I  i h a ^ r  ^ 1 a 6 h r . :  ^ ^ ' r r c 6 q

K o l m a n ,  B .  N " t
Y o r k :  M a c m i l l a n ,  1 9 7 6 .

lncludes a chapter on numerical I inear algebra. Appendix
contains many computer projects of vaiying levels of diff i-
cu l t y ,  p lus  comments  on  APL  and  BASIC .  AMM 83  (1076) :393 .



M c l a u g h l i n ,  D . E .  A  C o m p u t e r  O l i e n l e d  C o u r s e  i n  L i n e a r  ^ r ^ 6 1 1 7 .
I O W a  U A L y :  L U N j J U

Package consist ing of a textbook and FORTRAN subroutines for
reduction to echelon form, Cram-Schmidt process, character-
i s t i c  po l yno rn ia l ,  and  s imp lex  a lgo r i t hm.  Uses  compu t ing  to
i l lustrate theory anal t .o emphasize the algorithmic nature of
l i nea r  a lgeb ra .  Exe rc i ses  ask  s tua len ts  to  wr i t e  s imp le  p ro -
d r > m s  r r c i . d  " h a  e l n n r i e d  s u b r o u t i n e s .

S t e i n b e r g ,  D . I .  C o m p u t a t i o n a l  M a t r i x  A l g e b r a ,  N e w  Y o r k :  M c c r a w -
H i l  r  ,  1 9 7 4 .

Stanalaral  sophomore-level text rv i lh coverage through eigen-
values and Jordan form; emptrasis on computat ional methods,
N o  p r o g r a m s  a r e  p r o v i d e a l  o r  r e q u i r e d .  C R  1 6  ( 1 9 ? 5 ) : R e v i e \ ^ ,
N o .  2 7 6 6 3 .  A M M  8 1  ( 1 9 7 4 ) : 9 2 6 .

W i l l i a m s ,  G .
A1lyn and

B o y c e ,  W . 8 . ,  a n d  D i P r i n a ,  R . C .
a n d  B o u n d a r y  V a l u e  P r o b l e m s ,
r977 .

C o m p u t a t i o n a l  L i n e a r  A l g e b r a  w i t h  M o d e ] s .  B o s t o n :
B a c o n ,  f 9 7 5 .

Covers standaral topics plus numerical methods v/i lh an unusu-
a1 ly  b road  a r ray  o f  app l i ca t i ons .  Abou t  20  BASIC  p rog rams
anal accompanying computer exercises are provided in an ap-
pend ix .  AMM a2  \1975)  :543  .

Differential Equations

Elementalv Dif  ferent ial  Equat ions
t h i r d  e d i t i o n .  N e w  Y o r k :  W i l e v ,

Stanalard text for pos.t-calculus courses up to one year in
leng th t  many  d i f f e ren t  one -se rnes te r  cou rses  can  be  ex t rac t -
ed. Thorough chapter on numerical methods: no programs pro-
v ided .  A l so  ava i l ab le  i n  sho r te r  ve rs ion  w i thou t  ma te r ia l
on  boundary  va lue  p rob lems .  AMM 84  (1977) :664 -665 ,  752 t  86
(  19?9  )  :  599 -6o0  .

Braun, M, Differential Equations anal their Applications,
ed i t i on .  New York :  Sp r inge r -Ver1ag ,  1978 .

s e c o n d

Moa le rn ,  comp le te  tex t  i n  ODE 's  w i th  many  i n te res t i ng  app l i -
cations. FORTRAN and APL programs i l lustrate numerical so-
lut ions. An appenalix gives a brief introduction to APL.
A M M  B 2  ( 1 9 7 5 )  t t 0 2 9 i  a 4  ( 1 9 7 7 ) t 6 6 4 - 6 6 5 ,  s R  2 r  ( I 9 7 9 ) t 2 6 4 -
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B u c k ,  R . C . ,  a n d  B u c k ,
E q u a t i o n s .  B o s t o n :

E.F .  I n t ro t l uc t i on  to  D i f f e ren t i a l
nougt'toffi

Standaral text for a one-semestel or two-quarter coursei one
chaptet and an appenalix on numerical methods. No programs
prov ided t  use  o f  a  pocke t  ca l cu la to r  i s  sugges tea l  f o r  numer -
i ca l  p rob lems .  AMM 83  (1976)  2153-754 .

Ca l te r ,  P .  So lu t i on  o f  D i f f e ren t i a l  Equa t ions  by  Graph ica l  ana l
Numer i ca l  Means .  NewLon ,  I 4A :  EDC/UMAP,  1976 .

Supplementary module for calculus ol al i f ferential equations
courses  to  p resen t  phys i ca l  and  b io log i ca l  app l i ca t i ons  and
means of solving them. Can be covered in about a week.

Hag in ,  F .c .  A  F i r s t  cou rse  i n  D i f f e ren t i a l  Equa t ions .  Eng lewooa l
C l  i f f s :  P r e n t  i  c e - t t a 1 1  ,  1 9 7 5 .

Standaral one-semester text in which numerical methods are
taken  up  ea r l y  and  o f ten  (a  l i t t t e  i n  each  o f  t he  f i r s t  two
chap le rs ,  a l I  o f  chap te r  3 ,  and  compu ta t i ona l  cons ide ra t i ons
in  the  chap te r  on  se r ies ) .  I nc ludes  f l owchar t s  and  some
samp le  p rog rams  in  BAs Ic  and  FORTRAN.  AMM 83  (1976) r753 - ' 154

Mc lauqh ln ,  D ,E .  Numer i ca l  So lu t i on  o f  o ra l i na ry  D i f f e ren t i a l
EquaL ions .  l owa  C i t y :  Reg iona l  compu te r  cenLer ,  un i ve rs iLY  o t
Iota;-Tq73 .

Mul t i t i t hed  cou rse  no les ,  i n tended  as  a  compu te r -o r i  en ted
supp lemen t  t o  a  s tandara l  d i f f e ren t i a l  equa t i ons  cou rse .

Van  Iwaara len ,  , J .L .  E lemen ta ry  Numer i ca l  Techn iques  fo r  Ora l i na ry
D i  f f e r e n L i a l  E q u a L i o n s .  w e n L w o r l h ,  N H :  C o M P r e s s ,  1 9 7 ? '

Package  cons i s t i ng  o f  s tuden t  manua l ,  i ns t ruc to r ' s  manua f
and 19 BASIC programs to supplemenl standard ODE coursest
units may be taken up one at a t lme \then the corresponaling
ana ly l i c  ma te r i a l  i s  be ing  cove rea l .  To  appear  as  a  CoNDUIT
Dackaoe .

Z iebu r ,  A .D .  Top ics  i n  D i f f e ren t i a l  Equa l : i ons .  Be lmon l ,  cA :
D ickenson .  197O.

covers the standard topics in ordinary al i f ferential equa-
t ionsr the computer is useal as a tool to teach theory. AMM
79 1 I972 ) :1148-1 I49 .  zen t ra lba t t  f u r  Ma themat i k  288
(1912 ' )  t  L5a ,  Rev iew  no .  34002 .
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A n t o n ,  H . ,  a n d  K o l m a n ,
e d i t i o n .  N e w  Y o r k :

Finite Mathematics

B.  App l i ed  F in i t e  Ma themat i cs ,
AcadefriE-EEEEEI-li9J3-i--

second

well-writ ten book with good
tions. Chapter on computing
in  the  f i r s t  ed i t i on ) .  A l so
with intuit ive introduction
8 6  (  1 9 ? 9  )  : 1 4 0 .

p rob lems ,  examp l  es ,  app l  i ca -
uses BASIC ( replacing FORTRAN
a v a i l a b l e  i n  e x p a n d e d  e d i t i o n

t o  c a l c u f u s .  A M M  8 5  ( 1 9 7 8 ) : 5 1 1

Dorn ,  W.S . ,  ana l  Mcc racken ,  D .D .  I n t roa luc to ry  F in i l e  Ma themat i cs
w i th  Compu t ing .  New York :  W i ley ,  1976 .

Compu te r  use  i s  f u l l y  i n teg ra tea l  us ing  BASIC .
Rev iew  No .  29959 ,  AMM 83  (  1976  )  :  394  .

c R  1 7  ( 1 9 7 6 ) :

S c a l z o ,  F . ,  a n d  H u g h e s ,  R .  A  C o r n p u t e r  A p p r . o a c h  ! o  T n t r o d u c t o r y
C o l l e q e  M a t h e m a t i c s .  N e w  Y o r k :  P e t r o c e l l i / C h a r l - e r ,  1 9 7 7 .

Top ics  i nc lude  a lgeb ra ,  ma t r i ces ,  e lemen ta ry  l i nea r  p rog ram-
ming ,  symbo l i c  l og i c ,  e lemen ta ry  p robab i l i t y  and  s ta t i s t i cs ,
and programs provialed in the text to solve problems related
Lo  eve ry  top i c  .  AMM A5  (  1978  )  : 61  .

w i l I i a m s ,  c .
B a c o n ,  1 9 7 6 .

Liberal Arts

D o r n ,  W . S . ,  a n d  C l e e n b e r g ,  H . J ,
FORTFAIJ Programming, New York:

F in i t e  Ma themat i cs  w i th  Mode l  s . B o s t o n :  A I l y n  a n d

Contains an early chapter on computing and an appenali l  on
BASIC. Many BASIC programs and computer exercises appear
throughout the text, ranging fron mult iplying a matrix by a
sca fa r  t o  s imp le  games  o f  s t ra tegy .  AMM 83  (1976) :394 .

Mathematics

Mathemallcs and compulinq: with
w i I e y ,  1 9 6 7 .

In tena led  fo r  a  p reca l cu lus ,  I i be ra l  a r t s r  o r  t eacher  ea luca -
t i on  cou rse .  cove rs  top i cs  i n  ca l cu lus ,  f i n i t e  ma themat i cs ,
l i nea r  a lgeb ra ,  l og i c  and  p robab i l i t y ,  AMM 75  (1968) :103 .

Smi th ,  K .J .  f he  Na tu re  o f  Modern  Ma themat i cs ,  second  ed i t i on .
Mon te rey ,  CA:  B rooks /co1e ,  1976 .

the nature of mathematical
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thought, numeration systems, computers, elementary abstract
algebra, number theory, 1ogic, geometry, combinatorics.
probabil i ty, and statisLics. Early chapter on computers
con ta ins  exe rc i ses  us ing  a  compu te r .  AMM 81  (1974) :1129-
1 1 3 0  r  8 3  ( I 9 7 6 )  : 5 7 9  .

Precalculus Mathematics

Bur roves ,  T .C . ,  and  Bur rov res ,  S .K .  E lemen ta l y  Func t i ons :  An
A lgo r i t hm ic  Approach .  Ne lv  Yo rk :  I n tex t ,  1974 .

Emphasizes algorithms anal f lowcharts; conputer use is op-
t ional .  Appendices on BASIC and FORrRAN. Programs are pro-
vided in FORTRAN for graphing, roots by interval -halving,
function evaluation, anal rational roots of integer polynom-
ials. opportunit ies throughout for stualents to write pro-
q rams  fo r  o the r  p rob lem so l v ing .

D e t m e r ,  R . C . ,  a n a l  S m u 1 1 e n ,  C . W . ,  I I I .
P rac t i ce .  I owa  C i t y :  CONDUIT ,  1979 .

Wel l  -alocumented CAT packagei consists of nine moalules cover-
i ng  va r ious  a lgeb ra i c  sk i l l s .  f h ree  o f  t he  modu les  a lea l
v / i t h  l vo rd  p rob lems  ( rec tang les ,  d i s tances ,  and  m ix tu res  i n
so lu t i on )  and  o f fe r  t he  s tuden t  f ou r  l eve l s  o f  d i f f i cu l t y .

H iqq ins ,  G .A . ,  J r .  The  E lenenLary  Func t i ons :  An  A lqo r i t hm ic
Approach .  Enq Ie \ tood  C l i f f s r  P ren t -Lce -Ha l1 ,  I 974 .

Computer use integlated throughout in the form of BASIC pro-
grams and computer exercises. Kno\dledge of BASIC is as-
s u m e d .  A M M  8 1  ( 1 9 7 4 ) : 1 0 4 .  c c  2 , 5  ( s e p t .  7 9 7 6 1  : 9 6 .

I ve rson ,  K .  E .  A1 Reading, MAI
Press, Swarthnore,Addison'wes ley,

P A .

Covers elementary functions using APL notation throughout.
A M M  8 I  ( 1 9 7 4 ) : 4 2 0 .  c R  1 3  ( 1 9 7 2 ) : R e v i e w  N o .  2 2 5 3 0 .  C c  3 , 5
(  Sep t .  1977  )  :  1O2  .

E lemen ta tv  Ana lvs i s .

A lgeb ra  Dr i11  and

Swarthmore, PA: APL Press,I ve rson ,  K ,  E .
1976 .

Covers precalculus algebta, elementary transcendental func-
t ions, derivatives anal antialer ivatives , complex numbers,

eb ra : An A1 orithmic Approach .
availabl e



Lecuyer,  E.J.  Introduct ion to Cot lege Mathenat ics with a Pro-
g r a m i n g  L a n g u a g e .  N e w  Y o r k :  s p r i n g e r - V e r l a g .  1 9 7 8 .

Innovat ive text for a fut l -year course covering sets,  logic,
elementary I inear atgebra, graphing of funct ions, t ranscen-
alental  funct ions, br ief  introalucl ions to di f ferent ial  and
integral  calculus, probab' i1i ty,  anal stat ist ics.  Appendix on
APL; convent ionat and APL notat ion used in paral tel  through-
o u t  t h e  t e x t .  c R  1 9  ( 1 9 7 8 ) : R e v i e w  N o .  3 3 6 5 0 .  A M M  8 5
(  1 9 7 4  )  : 6 9 3  .

walIace, W, Funct ions and Their  craphs Usinq a computing
T e r m i n a l .  O s h k o s h ,  W I :  U n i v e r s i r y  o I  W i s c o n s i n ,  1 9 7 8 .

conic sect ions, and recursive funct ions, al l  i , r i th APL nota-
t i o n .  c R  7 A  l I 9 ' 1 7 ) : R e v i e w  N o ,  3 L 7 2 6 -  c c  3 . 5  ( S e p t .
I 9 ' 7  7  )  t I O 2 .

Mult i t i thed notes and BASIC.prograns for  the study of  graphs
o f  f u n c t i o n s  v i a  c h a r a c t e r - g r a p h i c s  p l o t s .  P a c k a g e  i s  s t i l l
in  a s tate of  development .

Number Theory

Kirch, A.M. Elementary Number Theory: A Conputer Approach. New
Y o r k :  I n t e x t ,  1 9 7 4 ,

sol id  text  , rh ich appl ies the computer  in  expected l rays.  The
p r o g r a m s  a r e  i n  E o R T R A N .  A M M  8 I  { 1 9 7 4 ) : 9 2 6 i  A 4  ( 1 9 7 " 1 ) . 3 9 a .

Malm, D,E. A Computer Laboratory Manual for Number Theory.
W e n t w o r t h .  N H :  C O M P r e s s .  1 9 7 8 .

Package consist ing of ao interact ive BASIC proqram and a
student/ instructor nanual.  Intenaled to teach the ski l ls
needed for natural  dealuct ive derivat ions and to enhance stu-
dents'  abi l i ty to wri te and recognize wel l - formed fornulas.
Uses the custason-Ulr ich systen of naturat alealuct ion'  Also
avai lable as CONDUIT package +MTEO47'

S u p p l e n e n t  t o  s t a n d a r d  t e x L  E o  t r e a t  s u b j e c E  a s  a n  e x p e r i -
mental  science. For each topic,  includes descript ions of
concepts i  experiments for before, alur ing, anal af ter stualy of
t o p i c ,  r e f e r e n c e s ,  I n s t r u c t o i r s  n a n u a l ,  a p p r o x i n a t e l y  4 0
p r o g r a m s  i n  B A S I C .  A M M  8 6  ( 1 9 7 9 ) : 3 2 0 .  ( T o  a p p e a r  a s  a
CONDUIT package. )

Symbolic Logic

M o o r ,  J . ,  a n a l  N e l s o n ,  J .  B E R T I E .  W e n t w o r t h ,  N H r  C O M P r e s s ,  l 9 ? 4 .

4 0


