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I .  B A C I ( G R O U N D  A N D  C O R R E N T  P A T T E B N S

dtlcuR RICUtOt! DX VE 10pl. lE NT

Al though hany  o f  the  proo inent  a leve lopers  and us€rs  o f
conputers  re re  o r ig ina l l y  t ra ined as  na theuat i . c ians ,
c o o p u t e r s  s e e o  t o  h a v e  h a d  l e s s  i n p a c t  o n  u n d e r q r a d u a t €
e t luca t i .on  io  oa theeat ics  tban they  have haa l  ih  ihe  Ehrs icaL
s c i e n c e s  o r  i h  b u s i n e s s .  T o  t h e  a v e r a g e  r a n  i n  t h e ' s i r e e t ,
na theoat ics  aDd conputers  a re  syr loDo l lous ,  bo t  eveD tbe
educated  nonmathenat ic ian  is  surpr ised  a t  hor  s€ Idou
cooputers  a !e  used in  teach i ,ng  ua theDat ics .

l s  near ly  eve !yooe knors ,  the  decaa le  o f  the  s ix t ies  ras  a
t i -oe  o f  revo lu t ion  in  the  oa theoat l "cs  cur r i , cu luo  o f  th€
pr i f ia ry  and secoDdary  schoo ls .  Ccncu! len t  r i th  these
changes ras  a  qu j -e te r  reoEgan iza t ion  o f  the  cu l r i cuLuE in
the  co l leges  and un ivers i t ies .  the  oos t  e f fec t j . ve  vo ice  fo r
cbaDge in  the  co l lege Bathe [a t i cs  cur l i cu lu !  in  th€  pas t  15
years  has  been the  Comol t te€  q  LLg UpdeEqraduate  P loqrao in
l {a theoat ics  (C0Pl l )  o f  tbe  Uatbeoat ica l  Assoc ia t ion  c f
AEer ica .  th is  cor ! l1 t te€  i .as  cha lged r i th  the  respons i t i l i t y
fo !  oak j .ng  !ecooIendat ions  fo r  the  iepEove[eDt  c f  cc l ] .ege
ant l  un ivers i ty  na thenat ics  cur r i cu la  a t  a1L lev€1s  and in
a l l  educat iona l  a !eas .  Th is  g rouF i . ssued pe ! i .od ic  reFo l ts
o n  v a E i o u s  a l e a s  o f  c o n c e ! h ,  i n c L u d i n g  a  1 9 6 5  E e p o r t
e l t i t led  A SS! .CJE !  Cur ! i cu lun  in  a thera t ics  fo r  co l leqes .
l h i s  r e p o r t ,  r b i c h  b a d  r l d € s p r e a d  a r d  e r t e D s i v e  i n f l q e n c e  o n
the  [ ,a thenat ics  p rog !aE 1n U.S.  co l leges  and r rn j -v€ !s j . t ies '
un i le r took  to  ideDt i fy  a  cent la1  cur r i cu lun ,  beg inDing  r i th
ca lcuLus .  tha t  t |ou ld  se lve  the  bas ic  leeds  o f  tbose des i r ing
an underg !aduate  educat ion  in  !a theDat ics .  l taDy coLLeg€s
E € v i s e d  t h e i r  c o u r s e  o f f e r i n g s  j . D  d i r e c t i a D s  s u g g e s t e d  b y
th is  !epor t .  A l though the  inpac t  o f  cooPuters  ras  be ing
f e l t  i n  t h e  c u r r i q u l a  o f  o t b e r  d i s c i p l - i D e s .  t L i s  1 9 6 5  c U P
repor t  t l i d  no t  a t ld l less  i t se l f  to  the  re la t ioDsh ip  o f  tbe
co[pu ter  to  educat ion  in  oa thenat ics .

lpparent ly  i t  ras  th€  v i€ r  o f  expe l ienced teachers  and
resea lcbers  iD  1955 tha t  the  cooputer  had l i t t le  to
co t l t ! ibu te  in  the  c lassrooo.  Neve l theLess ,  a t  th is  t ioe '
scores  o f  ind iv j .duaLs  ve te  e rper iEent ing  r i th  the  use  o f  the
c o o p u t e r  t o  a u g n e n t  l n s t - r u c t i o D  i h  e a t h e m a t i c s .  P r i ! a r i l y  i n
s ta t i s t i cs  ana l  ca l .cu lus .  Dur ing  th is  per iod ,  the  Nat iona l
Sc le l l ce  fouDdat j .on ,  th roug i !  i t s  0 f f i< le  o f  C:ooput ing
Act i r i t ies ,  p layed a  oaJo!  ro le  in  p roDot i rg  the  deve lopneot
and use o f  co [puae! -basea l  ins t ruc t iona l  na te l ia fs  i !
oa the la t . i cs  by  fund iDg cooputer -o l ien ted  cu l r i cu la !
p ro jec ts ,  so l (e  sunIer  i rs t j . tu tes  iD  cooput ing  aDd
nathenat ics  fo !  co l lege teachers ,  and a  nu l lber  o i  la rge
cu! ! i cu luo  i leve lopoent  p ro jec ts  o f  lah ich  oa t ie [a t i c€  ras  a
p a r t .
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.A l t hough  th€  nuober  c f  appa len t l y  success fu l  sma l . l _sca let ! i a1s  o f  coopu te r -basea t  i ns t ruc t i o ;a l  Da te r i a l s  i . - i y  no "f a i E l y  1 a r 9 e ,  i . t  i s  s t i t l  t c o  e a r l y  t o  
" i i i " - i i i t - i h i . e  r s  arevolut ion in  the c l -assroon.  r i th  respect  to- .o i . i " , i ru ,charg €,  t  he oat  he oat i  ca1 cconuni . t  y  .on i . io  o" t - t  o- l -u iJ-ufa j . r ly  coDservat ive s tahce.  Horever ,  .or .  in iou i " " l r "  l . rng. l d? :  one  ve r l  pos i t j . ve  s ig r !  i s  t i a t  t he  i n t t uen t i a t  cup l tne1 t j .  onea t  above  has  s ince  pub l i shed  t r .  . "po i i . - a ' . u - i i ng  , i t toa thena t i cs  i ns t ruc t i on  and  coopu t ing .

T h e  f i r s t  o f  t h e s e  r e D o r t s ,  R g g o p p g n d a t i c n s  f o !  a n

ttiiiT#*,"=.8.ffi -*tf ".*"Hff *#ffi "E::1,s c i e n c e s  t h a t  c o n b i n e s  c o u r s e s  i n  [ a t h e m a t i c s ,  ; ; ; ; ; 1 . .s c i e n c e .  a ! r d  c o o p u t a t i o n a l  m a t h e m a t j . c s .  r f , i . ' . o t ! [ . i r o ng r e i  o u t  o f  t h e  c o t s n i t t € e . s  b a s i - c  r e c o n B e D i l a t i o n - i h a tr rha thehat i . cs  depar tdents  shou ld  exper inent  r i i i ' ' i nnJvat ive
u D d e r g r a d u a t €  $ a t h e D a t i c s  p r o g r a n s  r t r i c t r  e o p h a s i z e  i h ec c n s t E u c t t  v e  a n d  a l g o I i t h D - i c  a s p e c r s  o f  m a t t e o a t i c s .  a n drn ] .cn  acgua lDt  s tuc len ts  B i th  COrputers  and r | i th  the  uses  o f
_ o a t h e o a t i c s _ i n  c o h p u t e r  a p p t i c a t i o n s . {  f n e  s e c o n a  r e . . . *
+;3+*F*:3***.?+_ u'ig:igi; gX gl f rathe oa l j.c e a; ;;; "; 

-' -- -'
--s.i D p a c t  o f  t h e  c o n p u t e r  o n  t h e  b a s i c  u n i e r g r a a u a i e ' c o u r . . s  i oo a t h e n a t i c s  a n d  p r o p o s e d  c h a n g e s  i n  c e l t a i n  t r a d i t i c D a l
c o u r s e s ,  a s  y e I I  a s  t h e  i l t r o d u c t i o [  o f  s o n e  n e y  c o u l s € s
des ig r led  to  tak€  advantage o f  the  computer .

,  A  f u l t h e r  s i g !  t h a t  c h a n q e s  a r e  a f o o t  i n  t h e  o a t h e [ a r a c s
c l a s s r o o n  i s  p r o v i d e d  b y  t h e  g r o u j . n g  f o d y  o f  c o n p u t e i -
o r r e n t e d  o a t e r i a l s  u o u  a v a i l a b l e  t o  s u p p l € o e n t  a  t l a d i t i o n a l
course ,  o r  to  rep lace  1 t  coop l .e teLy .  t tos t  o f  the  ac t j . v i t y
i s  i n  t h e  c a L c u l u s  a n d  s t a t i s t j . c s  a r e a s ,  a l t h o u g h  s c n e
o a t e r i a l s  a r e  a r a i L a b l e  i n  p l e c a l c u l u s  o a t h e o a t i c s ,
d j . f f e r e n t i a l  e q u a t i o n s ,  l i n e a r  a l q e b r a ,  n u o b e r  t h e ; ! v
synbol ic  togic.  and t in i te maureui i i . i ]  

" i " -uJt t  - " i i l , i r *

and  s ta t i s t j - cs .  I a te ! j . a l s  f o r  a r I  assoc ia te i l  conpu te r -
o r i e n t e d  l a b o r a t o r y  a r e  a p p e a r i o g  i n  i n c r e a s i D g ' r l u o t e r s .
T h e  c o o n e r c i a l  p u b l i s h e r s ,  h e r e t o f o r e  e a r y  a b o u t  g e t t j . n g
i n t o  t h e  b u s i n e s s  o f  n a r k e t i d g  c o n p u t e r - o i i e l t e d  u a t e t i a l s .
a r e  b € g i n t l i n g  t c  p u b l i s h  o o ! e  m a t e r i a l s  o f  t h i s  o a t u r € .
t h e s e  a r e  I o s t l y  h a r d c o v e r  t e x t s  f o r  c a f c u l u s  a n d  s t a t i s t i c s
cou lses ,  an t l  so f t - cove !  oanua ls  fo r  t he  assoc ia tec l
l a b o r a t o r i e s .  A p p a r e n t l y  t h e r e  i s  a  g l e a t  d e a l  o f  0 a t e r i a l
d€ve loped  by  i nd i v idua ls  fo r  t he l r  o rn  cou rses  tha t  n€v€ !
l oves  f ! c tn  the  o r i g ina t i nq  s i t e .  ( see  Sec t i on  I I .  )

A n  a d d i t i o n a l  f a c t o r  b € a ! j . n g  o n  t h e  t r € n a l  i n  c u r ! i c u L u o
c h a D g e  i s  t h €  c h a n g e t l  e m p L o y n e n t  p i c t u r e  f o r  n a t b e o a t i c i a n s .
There  i s  nou  a  c lea !  recogn i t i oD  tha t  a  oa the [ ta t i c i a r  rhose
t l a i D i i g  i s  e x c l u s i v e l y  t h e o r e t i c a l  a n d  a b s t r a c t  i s  n o t  a s
e 6 p l - o y a b l e  a s  h e  o !  s h e  i . a s  j . n  f o r o e r  y e a r s .  A s  a
ccnsegueDce ,  co11€ge  teachers  a re  nos  ;o re  l ecep t i v€  to
c h a n g e s  i n  t h e  c u r r i c u l u o  t h d t  r o u l d  p r o v i d e  f o r  d i f f e r e n t
a v e t u € s  o f  e d u c a t i o n  r i t h r n  t h e  n a t h e t n a t i c a l  s c i e n c € s ,

l { a t h e o a t i c s



espec ia l l y  p rog rahs  tha t  ea luca i -e  i I  t he  app l i ca t j - ons  o f
ma themat i cs  to  o the r  d i sc ip l iDes ,  o r  p rog ians  tha t  o f f€ !  a
c o m p u t e r  s c i e n c e  e o p h a s i s .  A I I  o f  t h i s  a c t i v i t y  t e D i l s  t o
c rea te  a  c l ima te  favoEab le  to  the  iD t roduc t i o r i  o f  cou tpu te r_
o r ien ted  iDs t ruc t i o t r  i n to  the  cu ra i cu lun  cn  a  b road  sca le .

sED lv  L0P I . I  ENT OF I t  l T !R IAL  S

T h e r e  j . s  a  n e e d  f o r  a  g t e a t e r  v a r i e t y  i n  a l l  t y p € s  o f
c o m p u t e r - o r i e n t e a l  c u ! r i c u l u o  m a t e r i a l s ,  b u t  t b e r e  i s  a
sFec ia l  need  fo r  moEe  ma te l i a1  to  use  iD  the  re l I -
es tab l i shed  pos t - ca l cu l .us  cou lses  such  as  d i f f e reDt ia l
e q u a t j . o D s  a n d  l i n e a r  a l g e b r a .  H i t h  a p p l i e d  n a t h e m a t l c s
ge t t i ng  i -nc reas ing  a t ten t i on ,  t he re  i s  a l sc  no r  a  need  fo r
comp le te l - y  ne t  a [d  i n t l ova t i ve  cou rses  hav ing  coopu te r
s u p p o r r ,  s u c h  a s  c o u r s e s  i r r  e e t h o d s  o f  o p t i o i z a t i o t .
ma theoa t i ca l - coopu te r  t sode1 i . r l g .  o r  g raph  theo ry  and
coeb ina to r i cs  ( see  Eecomlcpda t ions  on  I Jna le rq rad lua te
E a E n e m a t l c s  @ .  I l v o l v 1 ! q  C o e p u t i n q .  c U p t { .  1 9 7 2 ) .  t l o r e
a t teE t ion  l l ee i l s  t o  be  pa id  to  g !aph lcs  i !  a1 l  f o r ! l s - - f roo
p r i . n i ' " i ve  p lo t t i ng  on  a  l i ne  p r i n te !  oE  te l€ t ype ,  t c
c0npu te !  9enera ted  f i l r s .  And  f i , na l1y ,  t he re  i s  a  p rob leD
r i . t h  i ncen t i ves  fo r  t he  dev€ lopneDt  o f ,  oa te r j -a l s .  i n  t ne
p resen t  reva !d  s t [uc tu re ,  t he  deve lope r  o f  cu r r i cu lun
na te r i a l s  f ! equea t l y  rece i v€s  ! t o  6o le ta ry  comp€nsa t ion ,  no !
t h e  p r e s t i g e  o f  a  p u b L i c a t i o !  o !  p o i n t s  t o r a ! d  t e n u ! e .  T t e
egu j . va len t  t i - oe  speDt  on  tEad ! t i ona l  resea !ch  has  be t te r
p a y o f f .  I t  j , s  t r u e  n o { a d a y s  t h a t  c o n p u t e r - b a s e d  c u r r i c u j . u n
o a t e r i a l  { h i c h  t a k e s  t h e  f o E h  o f  a  s t a n d - a l o n e  t e x t  o a y  b e
pub l i shed  by  a  conoerc ia l  house ,  rh i . ch  resa rds  tbe  € f fo r t  o f
d e v e l o p a e n t .  l l o c e v e r ,  i f  t h e  e a t e r i a l  i s  t a r g e l y  s c f t r a ! e .
i t  i s  d i f f i cu l t  f o r  t he  dev€ Iope r  to  ge t  ad€qua te
iecogn j . t i on  fo r  h i s  o !  he r  ro rk .

l i l a theoa t i cs

EEIDVERTISING,  PROuor IoN,  AND COI '  IT  0NICATIoN

In  d isse l l t ina  t i  Dq in f  o rqa t i  on  c  oocer l ln  g  coo pu ter -o r ien t  ed
p e d a g o g y  t o  u n i n t e r e s t e d  r a r h e $ a t i c i a ! s .  t h e
mul t ld j -sc lp l inary  confe tences  o f  the  CCUC type hav€ l i t t1e
e f fec t .  !e la t i ve ly  fen  oa themat ic ians  a t tend such
ccDfe lences  or  Eead the  proceed ings .  A  conference a levo ted
oDly  to  f ta themat ics ,  such as  the  1973 t t i ssou la  coDference
spoDsorea l  by  the  AEer ican  ua theoat ica l  Soc ie ty  and th€
l4a thenat ica l  l ssoc ia t ion  o f  Aner ica .  leaches  oaDy ucre
[ a t h e o a t i c s  t e a c h e r s  a n d  h a s  t h e  a d d i t i o n a l  a d v a t t a g €  o f  t b e
p l e s e t c e  o f  B a n y  h i - g h l y  r e g a r d e d  o a t h e n a t i c i a n s .  A n
iEpo! taDt  byp !oduc t  o f  the  l l i ssou la  conference is  tb€
paoph le t  .Eb Is  4J :  Contpu t inc ,  ed i ted  by  Step len  ca !1and
( A U S - u l A ,  1 9 ? 5 )  .  r b i c h  i s  a  ' r s t a t e  o f  t h e  i r t | '  r e p c ! t  r n

C O N D O  I T  1 9 ? ?  S t  a t  e  o f  t  h €  A r t  R  e D o r t s
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i t se l f ,  bu t  l i .m i ted  to  one  sub jec t  i . n  na theda t i . cs .  (S€e
Sec t i  cn  V  fo !  r€ fe !ence . )

uo re  !ecen t l y ,  t he  ' 1976  annua l  I ee t iDg  o f  t he  A t r€ r i can
Ia t i ' ena t i ca l  soc ie t y  i nc luded  spec ia l  sess ioos  o f  i nv i t ed
papers  on  uses  o f  t he  conpu te r  i n  t each ing  ua the [a t i cs
cou lses ,  on  ccnpu te rs  i n  t he  s tudy  o f  nonassoc ia t i v€  r iDgs
an t l  a lgeb ras ,  ana  oo  conpu ta t i ons  ana l  a lgo r i t h t ss  iD  nuDber
t h e o ! y .  1 n  a d d i t i o n ,  b o t h  t h i s  n e e t i n g  a n a l  i t s  p r € d e c € s s o r
a  y e a E  e a l f i e ! .  i n c l u d e d  p a n e l  p r e s e n t a t i c D s  b y  a n  N S F -
f u i d e d  r r o r k s h c p  g ! o u p  b a s e d  a t  I L l i l o i s  I n s t i t u t e  o f
!echno logy  rh i . ch  i s  deye lop ing  cooFu te r -based  oodu la r
i n s t r u c t i o n a l .  m a t e r i a l s  i n  n a t h e n a t i c s ,  p h y s i c s ,  a t d
c h e $ i s t r y .  ( F o !  m o ! €  i n f o r h a t j . o D ,  c o t t a c t  P r o f e s s o !  H .
t l e i D s t o c k ,  P h y s j . c s  D e p a r t m e n t ,  I T T ,  C h j . c a 9 0 ,  I t 1 .  6 0 6 1 6 . )
Seve !a I  reg iona l  hee t j -ngs  o f  t he  a theha t i ca l  l ssoc ia t i on  o f
A o e r i c a  d u . i n g  t h e  l a s t  f e u  y e a r s  h a v e  h a d  s p e c i a l  s e s s j . o l s
on  the  i ns t ruc t i ona l  use  o f  compu te rs .

The  oos t  r r i de l l  r ead  and  i n f l uen t i a l ,  j ou lna I  f o r  co l . l ege
teachers  o f  oa the I l a t i cs  i s  t h€  A Ie r i can  a thena t i ca l
e!.sjL!1, pubrished by the I,r at h eiiTiEii-eEiEi?ioi-6t
Auer ica .  S ince  the  s ta r t  o f  the  ed i to rsh ip  o f  A lex
R o s e n b e r g  i n  J a n u a r y ,  1 9 7 4 ,  t h e  t l o n t h l y  h a s  t e l c o E e d
s ign i f i can t  cor t r j .bu t ions  re la ted  to  the  use  o f  conpute .s .
( R o s e n b e r g  r a s  c h a i r h a n  o f  C U P U  a n d  c o c h a i r F e ! s o D  o f  t h e
pane l  tha t  p !oe lucea l  the  1972 cUPl l  !econneDdat ioDs !e fe rEed
t o  a b o v e . )  T h e  D u n b e !  o f  s u c h  c o n t r i b u t i o n s  i s  s t j . 1 1  n o t
1arge ( tvo  a ! t i c les  i "n  19?3,  f i ve  a r t j . c les  a rd  tb re€  book
r e v i e u s  i n  1 9 7 i I  ,  e i g h t  a r t i c l e s  i n  1 9 7 5 )  .  b u t  t b e r e  i s  g r e a t
p o t e n t i a l  f o r  r e a c h i n q  [ a t h e o a t i c s  t e a c h e r s  t b r o u g h  t h e
[S l th l I .  g iven  the  recept iveness  o f  the  en t i re  ed i to r ia l
s ta f f  to  computer - !e la ted  $a te I i .a l .  the  "Te legraph ic
Rev lers r !  1n  the  !9 ! ! ! ! y  a re  ve ly  he lp fu l  fo !  keep ing  abreas t
o f  D e r  b o o  k  s .

0 t h e r  i n p o ! t a n t  J o u r n a l s  f o r  r e a c h j . t r g  n a t h e o a t i c s
teachers ar€ the @!g @ISe e!Isge.!:g,: @! (a1so
published by UAA) , and the lgl\ggl igg IS3gbeI (Icl l i ,  read
pr j . l l t a r i t y  by  h igh  schoo l  and  j uD io r  co l l ege  teachers )  .  L i ke
t h . ' .  @ u U ,  t h e s e  J o u r n n l s  a r e  r e c e P t i v e  t o  c o o p u t e r -
r e I a i " - d  a r t i c l e s ,  b u t  d e F 4 n a i  p E i D a E i I y  o D  c o n t r i b u t e t l
a ! i , i c l es  ana l  rev ie rs  ra the r  t han  on  so l . i c i t l ng  &a tc r i a l  o r ,
part icuLar subJects. The U-g!.hC-&g!ig5 SggE has ave!aged
abou t  s i x  coopDte r - re la ted  a r t i c l es  Pe r  yea t  ove r  t he  l as t
t h r e e  y e a r s ;  p l u s ,  i t  a l s o  n o t e s  a b o u t  a n  a v e E a g e  o f  2 0  o l
mor :e  p ro t l uc t s ,  se rv i ces .  o r  pub l j . ca t j . ons  i ! vo . l v i ng
c c I p u t e ! s .  A  u ] a j o r i t y  o f  t h e s e  a r t i c l e s  a r e  r r i t t e n  b y
c o l l e q e  f a c u l t y  n e t r b e f , s .  b u t  t h e  c o n t e n t  i s  g e n e r a l l y  a i m e d
a t  seconda ! : y  t eachers .  The  TYCI t J  has  had  a  r rCoopu te r

c o r n e ! "  s e c t i o D  s i a c e  s e p t e h b e r .  1 9 7 4 .

! \ e  l tAA  a l so  pub l i shes  I ' l a thena t r - cs  !g .g i .E ,  uh i ch  i s
i n t e n d e d  t o  r e a c b  u D i l e r g ! a d u a t e s  d i ! e c t l y .  A l t h o u q h  h a r d l y
a n y  c o m p u t e r - r " l a t e d  a r t i c l e s  h a v e  b e e n  p u b l i s h e d  i !  t h i s



CONDUIT  1971  S ta te  o f  t he  . [ r t  Repor t s l l  a t i 1 € o  a t i  c s

d a g a z i n e  i n  r e c e n t  y e a r s ,  h e r e  t o o ,  t h e r e  i s  g r e a t
p o t e n t i a l .  b e c a u s e  t h e  n e r  e d i t o r s ,  L y n n  S t e e n  a n d  I ! t h u r
S e e b a c h ,  a l e  v e r y  l n t e ! e s t e a l  i n  p u b l i s h i n g  s u i t a b l e
conPu  te r - !  e la tea l  [ a te ! i a I .

g lq !  Rev j .e r ,  pub l i shed  by  the  Soc ie t y  fo r  rndus t r j - a l  and
App I j . ed  t l a tbeea t i cs .  has  recen tLy  i ns t j . t u ted  a  rC lass room
Notes r r  sec t i on  fo r  s ig ' ! i f i can t  app l i ca t i ons  o f  ha th€na t i . cs
rh i ch  a re  su i tab le  fo r  c lassEooo  use .  t {h i t €  no t
s p e c i f i c a l l y  c o o p u t e r - o r i e n t e d .  j - t  i s  I i k e l y  t h a t  s o o €  o f
t h e s o  n o t e s  i j - 1 1  d e s c r i t e  a p p l i c a t j o n s  l e q u i r i n g  u s €  o f  a
c o o p u t e r .  T h e  A o e r i c a D  I a t h e o a t i c a L  S o c i e t y  i s  o r i € ! t € d
p [ i na l i - l y  t ova ra l  resea rch  ra the r  t han  ea luca t i on ,  bu t  t he
p rog !ans  an t l  abs t rac ts  fo r  t he  hee t i ngs  men t ioDea l  a tove
appear  i -D  the  Ig l iSS  g . l t  t he  AuS.  and  the re  r i l l  p r cbab ly  be
n o ! e  s u c b  s e € s i o n s  a t  A U S  o e e t i n g s  l D  t h e  f u t u r e .

I r  t h e  f a l l  o f  1 9 7 4 ,  a  n e t  j o u r n a l .  C r e a t i v e  C o o E u t i p q ,
appea !ed .  Th i s  j ou rna l  i s  devo ted  eDt i re l y  t o  educa t i oBa l
ana i  ! ec rea t i ona l -  coopu t i , ng .  I t s  i npac t  canno t  be  assess€a l
a t  t h i s  t j .me ,  bu t  i t s  con ten t  t o  da te  has  beeD !o !e  heav i l y
o r i en ted  toxa ra l  second la !y  ra the r  t ban  co l l eg ia te  ea luca t j , on .

one European journa l ,  ECS3! c + n i ' i  a c  i  h  M : + l a h : + i ^ c

( p u b l i s h e d  b y  D .  R e i d e l  c o .  i . D
p lopo l t i on  o f  compu te r - re la ted
i s s u e  i n  1 9 6  8 .  U D f o r t u n a t e l y .
r  ead  i n  th i s  coun t r y .

- - - -
c  a ! ! t e  0  a  I a I g e
i t €  v e l y  f i r s t

t o  b €  v i d € I y

t to l land) ,  bas
ar  t  i , c l ,es  f  rc [ l
i t  s e e o s  n o t

F o !  c o u ! s e s  j n  s t a t ! s t i c s ,  t h e  S t a t l s t i c a I  c o n p u t i n g
Depar t [en t  and the  teacher rs  corne !  in  X lS  .& ,g l ig3 .S
s t a t i s t l c i a n  a r e  p a r t j . c u l a ! l y  h e l p f u l .  r !  a d d f t i o ! ,  t h e
. 1 6 t r r n e l  . t f  + h F  A n c - i . F F  q t a t i q - , i . r a l  ! s . . l r ' : i a r i r ) r  D r f l i s h e s

usefu  I  book  r  ev  ioes  .

I l  EDEL  ]VE8Y OT UATERI I ,LS

The le  see f i  t c  be  no  p !ob l€ns  j . n  deL ive ry  o f  comFute ! -
b a s e d  i n s t r u c t i o n a l  t n a t e r i a l s  t h a t  a r e  F e c u  l i a E  t o
n a t h e t r a t i c s .  T h e  c o m & e r c i a f  p u b l i s h i n g  h c u s e s .  b € c a u s e  o f
the i r  a l ready  [e ] .1 -deve loped  adve r t i s i ng  and  d i s t r i t u t i on
s y s t e h s .  r i l l  c o n t i n u e  t o  b €  e f f e c t i v e  i !  t r a r L s p o ! t i n g  t h e
k i n d  o f  n a t h e n a t i c a l  o a t e r i a l  t h a t  f i t s  r e l l  b e t r e € n  t r o
h a r t l  c o v e ! s .  T o  f a c i l i t a t e  t h e  e x c h a n g e  o f  i D d i v i d ! a 1
p l o q r a n s .  s o f t r a ! e  p a c k a g e s .  s n a l l  c o u x s e  o o a l u l e s '  a D d
ge leEa l  i n fo ! [a t i o t r  o t r  coopu teE-based  cu ! r i cu la !
i n n o v a t i o n s ,  a  n a t i o n a l  o r g a n i z a t i o n  s u c h  a s  c o N D U I T  i s
p o t e t r t i a l l y  o f  g r e a t  v a L u €  t o  t h e  a a t h e n a t i c a l  c o o o u n i t y .
I n a e e a i ,  e x c e p t  f o r  t h e  t y p e  o f  i n f o E n a t i o n  a p p r o p r i . a t €  f o r
j cur t ra l  publ icat ron,  there does not  seeul  to  be any c ther
o e c h a n i s n  a v a i l a b l e  f o !  t h i s  e x c h a n g e .
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C O N D U  I T  1 9 7 7  S t a t e o f  t -  be  A r t  Repor t s ! ,  a th € oat ic s

I I .  S O I U A T ' Y  O F  S O R V E Y  S E S U L T S

I n  N o v e a b e !  1 9 7 1 1  ,  t h e  C O N D U I T  H a t h e D a t i c s  ! a l e i s o r y
c o n u l i t t e e  c o n d u c t e d  a  s u r v e y  t o  g a t h € r  i n f o r m t i o n  c t :  ( 1 )
t he  Fays  i n  rh i , ch  the  cohpu te !  i s  p resen t f y  be ing  used  i n
u n d e r g r a d u a t e  m a t h e e a t i c s  a D a l  s t a t i s t i c s  i n s t r u c t i c n :  a D d
(2 )  sou rces  o f  iDnova t i ve  conpu te r -basea l  ma te t i a l s  f o r  t h€
t e a c h i n g  o f  I a t h e m a t i c s  a n a l  s t a t i s t i c s .

A  b E j . e f  o n e - p a g e  q u e s t i D n n a i r €  y i t h  c o v e r  l e t t e !  r a s  s e D t
t o  t h e  2 , ? 0 0  d e F a r t m e n t s  o f  n a t h e n a t i c s  a n d  d e p a r t o € n t s  o f
s ta t i s t i cs  o f  t he  t ro -yea r  and  fou r -yea r  co l l eges  a ra l
u n i v e ! s i t i € s  i n  t h e  U n i t e d  s t a t e s  a n a  c a n a d a  ( ; s  I i s t € d  i n
t h e  1 4 a t h e o a t i . c a l  S c i e n c e s  D i ! e c t o r y .  p E e p a E e d  b y  t h e
A o e ! i c a n  I t a t h e m a t i c a l  S o c i e t y ) .  T h e  n u m b e r  o f  f o r m s
re tq rned  ras  601 r .  HoHeve ! .  t ha t  f i gu re  i . s  no t  ! ea r l I n9 fu l  by
i t s e l f .  d u e  t o  v a r i e d  p a t t e m s  o f  r e s p o t t s e .  f r c n  s c n e
schoo ls ,  re  rece i ved  a  response  f roo  a  s iDg le  i - ! d i v iduaL
coocerD ing  seve !a I  d i f f e l€n t  cou rses ,  e i t he r  on  a  s ingLe
fo r$ ,  o r  on  uu l t j . p le  cop ies  o f  t he  fo r ! .  f l om o th€ r
schoo ls .  {e  !ece i vea l  a  response  f ! ob  eve ry  i nd i v idua l  vho
had  pa r t j . c j . pa ted  j , I  a  conpu te r - re la ted  cou rse .  aDd  j . n  so r le
c a s e s ,  f ! o m  s e v e r a l  i . n s t r u c t o r s  i n  t h e  s a n e  c o u E s e .  A b o u t
8 t  o f  t h e  f o r E s  E e c e i v e d  c a n e  f r o n  d e p a r t n e n t s  o t h € r  t h a n
n a t h e B a t i c s  o r  s t a t i s t i c s .  ( U o s t  o f  t h e s e  r e r e  c l e F a ! t o e n t s
tha t  use  s ta t i s t i cs  r i t h  conpu teE  ass i s tance ,  ana i  scme ie re
c o [ p u t e r  s c i e n c e  d e p a r t n e n t s . )  T h e  r e s p o n s e  r a t €  f r o o  t h e
t a r g e t  d e p a r t E e n t s  r a s  a b o u t  1 8 i  ( q 6 9  s c h o o l s ,  s o n e  r i t h
3 e p a r a t e  d e F a r t n e n t s  o f  h a t h e o a t i c s  a n d  s t a t i s t i c s ) .  0 f
t h e s e ,  a b o u t  1 0 X  i n d i c a t e d  D o  u s e  o f  t h e  c o I p u t e r  i r l
t each lng  t l l a the t l a t i cs .  I t  r ou ld  be  un rea l i s t i c  t o  ccncLude '
h o r e v € r ,  t h a t  9 0 %  o f  t h e  t a r g e t  d e P a r t t n e B t s  t t | a k e  u s €  o f  t h e
c o m p u t e r ,  s i n c e  r h e  t r n o  u s € {  r a t e  i s  s u l e l y  m u c h  b j . g h e !
a  dong  the  ncn !e  sp  oDa le  n t  s . A bet te r  quess  n j .gh t  be  tha t  a t
teas t  20-2  5 t  o f  mathemat ics  a rd /o r  s ta t i s t i cs  a lePar thents
mak€ some use o f  computers  fo r  ea luca t iona l  pu !poses .

T h e  p r o b l e n  o f  e s t i D a r i n g  l e v e I  o f  u s a g e  ! s  f u r t h e r
c o n F l i c a t e d  b y  t h e  p r e s e x c e  i n  t h e  c u r l i c u l u m  o f  c c u r s e s
rh ich  have used co lnpu l .e rs  fo r  as  long as  they  have t€€n
a v a i l a b l e ,  s u c h  a s  n u o e r i c a L  a n a l y s i s .  P r o g r a o o i n g .  a n d
conputer  sc ience.  ' fhese courses  are  no t  o f fe red  ev€ry fhere '
a n a l  H h e r e  t h e y  a r e  o f f e r e d '  t h e y  a r €  l i k e 1 y  t o  b e  t a u g h t  i n
a  c o m F u t e r  s c i e n c e  d e p a r t n e n t ,  j - f  t h e r e  i s  c n e .  H o t e v e ! t
n a n y  n a t h e l n a t i c s  d e P a r t m e n t s  o f f e r  s u c h  c o u r s e s ,  a n d
n u n e r  i c a l  a h a l y s i s '  a t  l e a s t .  i s  c e a t a i n l y  o a t h e m a t i c s .
s i n c e  c o m p u t e r  u s e  f o r  t h e s e  t y P e s  o f  c o u r s € s  i s  r e l a t i v e L y
r e l 1  u n c l e E s t o o d ,  s t a n d a r d i z e a l  '  a n d  i n t e g r a l  t o  t h e  s u t j e c t
n a t t e r .  t l e  c o m o i . t t e e  h a s  c o n s i s t e D t l y  f e l t  t h a t  t h e r €  i s  D o
esse i t i a l  r o le  fo r  CONDUl l  i . n  t hese  a reas .  Abou t  o ! re - th i . rd
o f  t n e  r e s p o n d i r g  d e p a ! t o e n t s  o f  o a t h e o a t i c s  i n d i c a t e d  n o
u s e  o f  t h e  c o r p u t e r  o t b e r  t h a n  f o !  n u h e l i c a l  a n a l , y s i s ,
p roq raon ing ,  an  a l l o r  coDpu t€ t  sc ience  ccu rses .
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! l  a thena t i cs

Approx ima te l y  oDe- fon l t_h  o f  t t ! e  respond i !q  i ns t i t u t l ons
{ e r e  t r o - y e a r  ( J u n i o r  o E  c o o m u n L t y }  c o 1 1 e g e s .  a D d  t h e
rena in iDg  + -h ree - iou r ths  e€ r€  eeen ly  d i v id€d  be t i i een  co l l eges
aD i l  un i ve l s i t i es .  qhe  s i zes  o f  t h€se  i ns t i t u t i ons  tbv
e n r o l l n e n t )  F e r e  d i s t r i b u t e d  a b o U t  a s  o n e  r o u l d  e x p e c i ,
: ang iDg  f roo  ve ry  s ra l l  t o  ve l y  l a lge ,  v i t h  abou t  ?CX in  the
1 . 0 0 0  t o  1 5 , 0 0 0  r a n g e ,  s o E e r h a t  o o r e  b e l o v  5 , O O O  t h a n  a b o v e .
I o E h s  y e r e  r e t u ! n e d  f ! o m  4 ?  s t a t e s ,  t h e  D i s t ! i c t  o f
C c l u n b i a ,  a D d  C a t a d a .  T L u s  t h e  s a o p l e  a p p e a r s  t o  b €
r e p r e s e D t a t i v e  o f  h i g h e r  e t l u c a t i o n  i n  t h i s  c o u n t r y .  ( C D 1 y
e i g h t  C a n a d i a n  s c h o o l s  u e r e  r e p r e s e D t e d . )

The  ques t i onna i l e  asked  abou t  rDo i l e  o f  conpu tea  use  aDd
languages  usea l .  The  doo inan t  oodes  re re  desc r ibed  on  the
foEo  as  r t t i sesba r ing ! ,  and l  "ba tch ,  r  rh i ch  a !e  s I j . gh t l y
n iS lead inq  te rms .  Horeve r .  t he  !€spoDa len ts  generaL ly
und le rs tood  theh ,  and  i n  sone  cases  co r rec tea l  t he  fo rn .  By
the  te ro  r r t i oeshar ing . r r  r€  oeao t  conve rsa . t i c r l a l  o r
i n te !ac t i ve  use  o f  t he  co l tpu te r ,  t b i ch  usua l l y  iDyo lves
t i nesbar ing .  bu t  m igh t  oean  use  o f  a  o iD icoepu te r  t y  a
s i n g l e  p e r s o n ,  o r  e v e D  u s e  o f  a  p l o g r a d l r a b l e  c a l c u l a t o E .  i - n
an  ex t l ene  case .  (One  !esponden t  f rom a  sna l l  co l I €g€  i n
Ney  n l t g land  ras  an  en thus ias t i c  p !oponen t  o f  p !og raoDab Ie
ca lcu la to rs  fo r  t each ing  pu lposes  i n  | l a l l  ma th  cou rses . I )
0 n  t h e  o t h e r  h a r l d ,  b y  u b a t c h . r i  t e  o e a n t  p u D c h e d  c a ! d
inpu t . / I i . ne  F r i . n te r  ou tpu t ,  rhe the !  ax  no t  p log !aDs  re !e
b a t c h e d ,  a n d  e v e n  i f  t h e  c o o p u t e !  h a p p e n e d  t o  s h a r €  t i l l €
a o o n g  n a n y  u s e r s .  s i D c e  t h e  o i s n o o e ! s  a r e  i n  c o d o o n  ! s a g e ,
t h e  r e s u l t s  p r o b a b l . y  i n d i c a t e  r h a t  r e  { a D t e d  t o  k n o r l  q 5 i
t i n e s h a r i n q ,  2 l r X  b a t c h ,  a n d  3 0 S  b c t h ,

O n  t h e  n a t t e r  o f  l a n g u a g € s ,  a  f e r  r e s p c n d e n t s  s e e o e d
i D c l i n e d  t c  1 l s t  a 1 1  t h e  L a n g u a g e s  a v a i l a b l e  o n  t h e i !  s y s t e o
(o r  t ha t  t t ey  kno r ) ,  bu t  oos t  uD i i € rs tood i  t ha t  ye  van ted  to
kno t .  abou t  l anguages  used  i n  the  cou !ses  be ing  repoEt€d  o r r .
No t  su rp r i s i ng l y .  t he  don inan t  Languages  re re  ! 'ORTRAN (5? t i )
and  BASfC  (52 '6 )  ,  r i t h  APL  repo r ted  by  159 (  and  35X  oen t i on ing
o the !  l anguaqes  {pL /7 .  ALqoL ,  va r i ous  l oca l  . Lan9ua9€s .  and
C I I ) .  0 n  b o t h  t h e  o a t t e l s  c f  n o d e  a n d  l a n g o a q e .  i t  s h o u l d
be  no ted  tha t  t he  f i gu res  a le  pe rcen tages  o f  Eespo lden ts ,
rough ly  co r respo l l d ing  to  i ns t i t u t i ons ,  bu t  a re  no t  re igh ted
by  nunbers  o f  s tua leD ts  en ro l l ed  o !  se !ved .  Tbus  oDe  o i -gh t
guess  i ha t  use  0 f  ba tcb -p locess  roSTn lN ,  f o r  e ranp le ,  i s
u D d e r s t a t e d  o n  t h e  b a s i s  o f  n u & b e r  o f  s t u a l e n t  u s e r s .

T a b L e  1  i n d i c a t e s  t h €  d i s t r i b u t i o n  b y  s [ b j e c t  n a t t e E  o f
5 2 3  d i s t i - n c t  c o u ! s e s  i n  n a t h e n a t i c s  i D  r h i c h  t h e  c o l p u t € r
ras  usea l .  t hese  cou rses  ue re  repo l tea l  on  ! r31 ,  ! espcDses  fo !
3 q 8  d i f f e r e n t  s c h o o l s .  T h e  I ' n i s c e l l a n e o u s l  c a t e g o i y
i . nc ludes  respo r , ses  tha t  gave  one  o r  more  La ta log  cou rs€
n u d b e r s ,  b u t  n o  c l u e  a s  t o  c o D t e n t ,  a s  r e i f  a s  s o D e  i r a l l
qa th  cou lses [  l espoDses  i i i t h  no  spec i f : - cs  p iov !ded .  ! ach
S u c h  ! e s p o n s e  r a s  c o u n t e d  a s  o n e  c o u t r s e .  F c r  p u r F c s e s  o f
t h i s  t a b u l a t i o n ,  n u n e r : . c c L  a n a l y s i s  u t s  c o n s i d e r e d
!athenat . ics ,  but  proqran$ing and conputer  sc i -ence f l€ !€  not .

coNDUTT 1977  s ta .Le  o f  t he  A r t  Repor t s
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A dd i t  iona  1
by  su  b j  ec t
th is  lepor t

i n fo rna t i o !  g l  eaDea l
n a t t e r  ,  i s  d e t a i l e d

f r o n  t h e  s u r v e y ,
in  the  nex t  th r  ee

broken  a lo t I I
s e c t i o n s  o f

T A B t E . I
Compu te r  Use  by  Cou ! : se  Co t ! t en t

Ca lcu  1us
S ta t i  s t i c  s  and , / c !  p robab i l i t y
l l umer  i ca l  l _na l ys j - s  o r  Nuh .  t {e thods
P r e - c a I c u I u s  ( a I g e b r a .  T r  i 9 . ,  e t c . )
L  i nea  r  A  l geb ra
D i f f e reDt j -a1  Eq  ua t  i ons
F i n i t e  H a t h e m a t i c s
I i be !  a1  l r t s  a th .
B  u s i n e s s  l t  a  t h .
ope ra t i ons  Research
Teacher  Educa t i on
A b s t r a c t  A l g e b r a ,  N u m b e r  f h e o r y ,  e t c .
l l l s c e l l a n e o u s

T O T A L

Nunber
1t) 2
1 2 8

5 t

2 1

1 0
8
1'l

1 2

523

2 1
2 \
1 / 1
1 0
6
ll
4
2
2
2,1
1
2

dEco t t  ! u t tF  usE  IN  C [ !CU] ,US

o f  t h e  1 q 1  i D d i v i d u a t s  r e p o r t i n g  o n  t h e i r  u s e  o f
c o n p u t e ! - b a s e d  o a t e r i a l s  i n  t h e  t e a c h j . n g  c f  c a l c u l u s ,  o n l y
3 1  1 2  2 % l  m a d e  u s e  o f  c o r o e r c i a l l y  p u b l i s h e d  b o o k s  o r  o a n u a l s
rh i ch  have  a  p rcnouDcea l  compu te r  o ! j - en ta t i on .  (ua t€ r i a l s
i o t e d d e d  s o 1 e l y  f o r  t e a c h i n g  p r o g r a o o i D g  a r e  a o t  i n c l . u d e a t
h e r e .  )  N i n e  o f  t h e  3 1  r e r e  u s i l r g ,  o r  h a d  u s e d ,  S t e n b € r q -
t a l k e x  ( C R I C I S A I ) ;  e i g h t  v e r e  u s i n g  D o ! n - E j . t t e r - H e c t o r ;  f i v e
l , e i n b a c h ;  f o u r .  C h r i s t i e  ( ! D C ) ;  t 8 o ,  A 1 l e n - 9 i i n g ;  a n d  o n e
e a c h  K r e j . d e r - N o r o a n ,  L y n c h - C s t b e r g - K u l l e r ,  a n d  S c L r e i n e r .
a s e e  S e c t i o n  V  f o !  r e f e r e l c e s . )  I D  E o s t  c a s e s ,  t h e  n u n b e r s
a b o v e  i n c l u d e  t h e  s c i o o l  o f  o r i g i n  o f  t h e  o a t e r i a l .  $ h i I e
t h e  C R f C f S A l l  n a t e r i a l  r a s  i n  f i r s t  p 1 a c e ,  a n a l  i s  k n c t . n  t o
h a v e  b e e n  u s e i l  i n  o a n y  h o r e  s c h o o l s ,  s e v e ! a 1  o f  t h e
r e s p o n d e n t s  i D d i c a t e d  t h a t  i t  h a d  b e e n ,  o !  d e f i t i t e l y  i . o u l d
b e ,  d r o p p e d .

F u l l y  1 0 0  o f  t h e  r e s p o n d e n t s  u s e d  c o m p u t e r - b a s e d
m a t e r i a l s  i n  t h e  f o ! o  o f  c o u r s e  D o t e s ,  l a b o r a t o r y  & a n u a l s ,
o r  supp leoen ts  f l b i ch  th€y  the rse l ves  ha t l  au tho rea l .  The
o u e s . t i o n n a i r e  a s k e d  i f  t h e  r e s p o n d e n t s  r o u l d  b e  r i I I j . n g  t o
s h a ! e  t l e i r  n a t e r i a l s  x i t h  o t h e r s ,  a n c l  s o n e  2 l  o f  t h e s e
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s€enea l  to  have sodeth ing  o f  subs tance they  Here  r i l l i ng  to

the  pa t te rns  o f  coEputer  use  j -n  caLcuLus,  as  !e f lec ted  iq
our  survey ,  coDf i rn  the  obs€rva t icns  o f  car la l1d  ( ! .  S- t lAA,
1975) .  Our  CoDDi . t tee  en i lo rses  the  Ga! laad .epor t  as
accuEate ly  re f lec t i .ng  the  s ta te  o f  the  a l t .

S ix ty  pe !cent  o f  our  1q2 respoha len ts  v ie red  the i !
courputer  usage as  fu l1y  in t€gra ted  in ta  the  ca lcu lus  course .
{ l | i l e  409(  coDs i -dere t l  i t  on ly  supp lenentary .  On the  oa t te rs
o f  no t le  and language,  there  {eEe soDe i l i f fe rences  f ro$  !ne
overa l l  p ic tu re  repor te i l  above.  F j . f t y -n ine  p€rceDt  us€d
t i n e s h a r i n g  o n 1 y ,  2 ? t  b a t c h  o n l y .  a D d  l l r S  b c t b .  F o !  a l l
u s e r s ,  t h e s e  p e ! c e o t a g e s  r e  r €  4 6 1 .  2 4 1 .  a n d  3 0 *
r e s p e c t i v e l y .  N o t e  t h a t  t i o e s h a r i n g  i s  a v a i l a b l e  t o  t h r e e -
four ths  o f  a l I  users .  and is  pe !haps  tsore  L ike l -y  tc  b€  used l
in  a  loeer  d iv is io t r  cou lse .  F i f t y -s ix  peEcent  o f  the
c a l c u l u s  r e s p o n d e n t s  u s e d  B A S I C ,  i { 0 1  F 0 R I R A N ,  1 2 *  A P t  a u d
13f  o ther  languages.  (0bv ious ly ,  oa ty  schoo ls  qsed oor€
than one langqage. )  The !os t  s ign l f i can t  d l f fe renc€ f ro In
the  overaL l  f igures  is  tha t  FoRfRAN j -s  less  popu lar  in
caLcu Ius .

EECO| |  PUTER USE IN STATISTICS

CoDputers  l -n  s ta t i s t i cs  courses  appea!  to  be  used Ea i !1y
iD tvo  areas :  ca lcu l -a t io [ ,  a rd  da ta  aDa lys is .  Por  bo th  o f
these uses ,  co l lpu ter  so f t fa !e  i s  ve ly  he lp fu l .  Th ls
exp la ins  rhy  83*  o f  the  respondents  rho  use  tbe  conput€r  in
s t a t i s t l c s  c l a s s e s  u s e  s o f t r a r e  o f  s o o e  k i n d .  r h i l e  o D l y  4 2 *
u s e  p u b l i s h e d  o !  u n p u b l i s h e d  b o o k s ,  n o t e s .  o !  ! a n u a l s .
0 ther  coDr I lon  co tspute !  uses  re re  the  prepara t io !  o f  g raph ica l
d i s p l a y s  o f  d a t a  s u c h  a s  h i s t o q r a u s '  a n d  s i r u L a t i o n  o f
e leEer ta ry  concePts  such as  the  Cent ra l  L io i t  Theor€o.

seveDty- t {o  pe !cent  o f  the  co lpu ter -based na ter ia ls  used
i n  s t a t i s t i c s  v e r e  d e v e l o F e d  a t  t h e  E e s F o n d e D t s r
iDs t i tu t ion .  lhe  breakdorn  o f  the  oa te l i .a l . s  used is
su [na l i zed  be lo t l :

.Publ ished text  81
.  unpubl ished notes 35t r
. In te lna1 ly  deve loped so f t  sare  55%
.  E x te roa  l l y  i leve lope i l  so f t t .a re  28%

T h e  l a D g u a g e  c h o s e n  i s  t r c s t  o f t e n  l o R I R A N  a D d  t h €  o c d e  o f
oFera t ion  ! Io !e  o f ten  ba tch  tban fo r  o lbe !  [a tbe [ t t j . cs
c o u r s e s ,  T h i s  i s  d u e  t o  t h e  o r i e n t a t l o n  o f  s o s t  o f  t h €

159
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sof tFa !e  usea l .
b e l o r :

The se  lesu l ts  f ron  the

f a  t h  e n a t i c  s

su!veY a!e su[l la! ' ]-zeo

I'lo de

Tj.  ne- sha r i  ng

B a t  c h

E o t  h

N a  [ 1 e  o f  P a c  k a q  e
s  t a  t i s t i c a  1  P a c k a g e

sc ie nc e s  (sPss )
St  a t i s t i ca l  An  a lYs  i s

c + : + 6  t l n i  v e F c i  r v

E A S Y S T  l T .  G e o r g e t O H n
B ! o m e d i c a l  C o n P u t e r
T a n  i s - D e r s  h e B ,  n  o P e
S T  A T P I C ,  U t  a h  S t  a t  €
O I I  N I  T A B .  U n i v e r s i t Y
I t IN  rT lB ,  Pe l tn  s ta t€

l , a D c t u a q e

roRTxan 50*

B A S I C  3 1 S

A P ' ,  1 4 F

PL / l  r l ' 6

c t  heEs  196

fo r  t h  e  so  c  i a l

S y s t e  m  ( S A S )  '  N . C .

U  n i v e ! s i t Y
!!og ra ns ( BIt D)
Co l l  eg  e
Un  i v  e r  s i tY
o f  T e x a s
Un  i v  e r  s  i t I

N o .  o f  u s e r s
7

6

,l

q

3
2

4 3 9 6

u 2 %

1 4 t

The  fo l1o | l i ng  tab le  i nd i . ca tes  the  so f t raEe  pac l (ages

E€por tea l  i n  use  by  no re  than  one  resPonden t .

TABIN  2
s t  a t  i s t  i c a l  s o f t r a r e  P a c k a q e s

the re  j - s  no  l ack  o f  i n te res t  i n  t he  use  o f  t he  ccnpu te !

i n  i e a c h i o g  s t a t j . s t i c s .  B o t h  t h e  Y a l u - ' a n ' l  t h e  f e a s i t i l i t y

o f  such  use  i s  { i de l - y  recogn ize i l  by  i ns t ruc to ! s '  I b9

s u r v e y ,  h o r e v e r .  i n d i c a t e s  t h a t  t h i s  u s e  h a s  r e s u l t € d  i n

o u c h  a u p l i c a t i o n  o f  e f f o r t '  c i i h  m a n y  f a c u l t y  n e n b e r s
genera t i ng  the i t  o rn  c lass  no tes  aDd  so f t ra re ,  aD ' l  no t
n a f i n g  u s e  o f  t h e  n a D y  o a t € t i a I s  t h a t  h a v e  a l r e a ' l y  b e e !

d e v € l ; p e d  e l s e v h e r e .  T h e  a e a s o n s  f o r  t h i s  a E e  t h a t  t h €

o r a t e r i i l s  h a v e  b e e n  p o o r l y  o a r k e t € d ,  r e s u l t i n g  i n  a  I c r

a t a r e n e s s  l e v e I ,  o ! .  t h a t  t h e y  h a v e  n o t  b e e n  r e s P o n s i v c  t o

t h e  n e e d s  o f  t h e  f a c u l t y  { ! r o  t e a c h  t h e  s t a t i s t i c s  c l a s s e s '

t e  b e l i e v e  t h e  f o ! m e r  i s  t h e  c a s e  r i t h  t h e  s o f t r a ! e '

s ince  nuch  o f  t he  so f t ra !e  deve l -oped  i n te r l t a l - l y  a t

i n s t i t u t i o n s , l u p l . i c a t e s  ! h e  c a p a b i l i t i e s  o f  a v a i l a b l e
packages  rh i ch  a re  t rans fe r rab le  and  f l ex ib l ' e  eDouqh  to  be
used  ln  mos t  con tex ts "  Bu t  iD  nos t  cases ,  t hese  packages  go

1 6 0
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u lused because the  facu l tY  oenber  i s  e i the !  no t  a rare  tha t

i i "v  e r . i . s t ,  o !  a loes  no t  knor  hor  to  go  about -hae l lS- . . : l " t

i ; ; i . ; ; t ;a  on  t t 'e  toca t  conPut ing  sYsten '  -Th€ iacur tv

r  i ' i -u . i - l i r . i . t *  e  deve loPS h is  o r  her  o rD in fe ! ro !  sc l t ra re '

o r  t loes  r i thout .

P u b l i s h e d  o a t e r j - a 1 s ,  o D  t h €  o t b e r  h a n d '  h a v €  b e e n

ru . i ! i - " i - l f t .oosu pu l l i s t re rs  an ' l  hence have l ta ' I .  B ide  exposure

io - tacu f ty  nenbe ls  teach ing  s ta t i s t i cs '  The b ib l j ' ograPhy

i i " i i i . i ' i l - i n a i . u t " "  t l a t  t h e t e  h a s  b e e n  n c  l a c k  c f  s u c h

nate ! i .a ls .  Hcreve! ,  the  su !vey  i t ld ica tes  a lmost  no .use  o f

; ; ; - ; ; t ; ; . "  mater i .a ls  ou ts ide  o f  the  au thors r  ins t i tu t ion '

i i . i . " 'p " l i r t r , .a  tex ts  ana l  nanua ls  seen to  have been Judqed
o n r o i t l t r .  f o t  c L a s s r o o n  u s e  b y  t h e i r  i n t e n d e d  a u ' l i € n c € '

i i "  . .u=on fo r  th is  nay  be  tha i  teachers  o f  s ta t i s t i ' cs

i i i t . i - o i " . i r v  i n  t h e  e x t e u t  t o  u h j c h  t h e y  r i s h  - t o .  i n v o l v €

; i ; - ; ; . ; ; i ; ; - i "  i h e i r  c r a s s e s .  a n d .  a s  r . e n t i o n e d  a b c v e '

; ; ; t ; - i :  nc  r ide ly  accePted l  s taDdard  i 'n  the  so f t {a !€  to  De

i !J i .  
- i l "  

pubr is i red  qra ie r ia ls  Produced thus  fa !  have

" l i i " " t "a  
t i re  au thors '  v ie rs  o f  the  ex ten t  o f  conPuter

i i o o i o " t " n t ,  a n d  h a v €  s p e c i f i e d  t h e  u s e  o f  p a r t i ' c u l a r

; ; ia ; ; ; ; ,  a i lo r ins  fo r  j - j '  t t le  f lex ib i l i t v  in  thes€ a !€as '

there fore ,  the le  a le  t ro  a leas  tha t  need a t ten t ioD t€ fo re

t t e - s i l u a t i o n  i n  s t a t i s t i c s  i n p r o v e s '  F j ' r s t '  n o l e  f a c u l t y

n e e c  t o  b e c o m e  a u a r e  o f  s o f t Y a r e  P a c K a g e s  t n d l  a r e  .
l " - " i l i l r . ,  and  ho{  these packages can be  j 'DF leseoted  in  the

; i ; ; " ; ; ; t :  second.  tex ts  and exerc ise  t ranua ls  need to  be

i i i E i i p "a ' " l i i l , - i i i i " r v  t he  needs  o f  a  r ' i de  sPec t ru !  o f
pcten  t ia  L  users .

E E C O I F U t E F  U S !  I N  O T H E R  1 4 A T I I !  l ' l A 9 1 C S  C 0 U R S I S

T a b l e  1  a b o v e  i D d i c a t e s  t h a t  c o I P u t e r  u s e  i n  o a t b e n a t i c s

ccurse i  o t t t " .  than ca lcu ius  and s ta t i s t i cs  i s  ra th€r

; ; ; ; ; ; ; " ; . ' '  l s  expra ined abover  the  cono i t tee  has  nc t

; ; ; ; i ; ; ; ;e  i . t  nec issary  to  s tudv  conPuter  use  in .  nu le r icaL

; ; ; i ; ; r ; ;  rh ich  is  sur i l y  oor 'e  r idespread thar  the  survev

: i l ; ; l : - - i " "1 ; i ;  iec t io l  ie  leco ld  sooe o i rserva t ions  about

i i "  a " "pon" . "  in  each o f  t -he  o ther  a !€as '

P reca lcu1us I ' la the l la t ic s

T h i s  c a t e g o ! y  P r o b a b l y  i n c L u d e s  a  l o t  o f  d i f f e r e n t  t y p e s

. t  
" " - " " " ,  

i o t .  i n t t o a " d  a s  P r e P a ! a t i o n  j " : - : : l : : - t " " '- o i h e r s  
t e a c h i n g  b a s i c  s k : 1 " 1 s  i n  i t g e b r a  o ! .  a r ! t h o e t i c '  b u t

r i i - i " t " t a " a  t ;  l e a d  t o  h i g h e r  c o u i s e s '  A b o u t  h a L f  o f  t h €

; ; ; " ; ; ; ; a ;  r e r e  u s i " n s  c A r ;  p r o b a b l v  i r  t h €  f o r m . o f  i € n € d i a l

; ; i i i : - - f ; ; t .  o a v  b e  i  r e s i t i m a t e  r o l e  f o r  r e r l - d e s i g n e d

; ; i i i ' p t ; ; ; ; ; "  i ' n  - r a s i c  " t i i 1 1 s ,  
t o  ! e l i e e e  i n s t r u c t o ! s  o r

t  i o e  P r e s s u r e s  a n d  b o r e o o [ '
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coNDl t IT  197?  s ta te  o f  t he  A r t  Repo l t s ! l a t h € t r a t 1 c s

t i [ esha r i l l g  use rs  ou lnuDbe led  ba tc i  use l s  t l  t o -1 t -an ' l

sls i i "o i ta"ot ; i t la  ronrnqu a;out  2 '5 to 1 '  rn sore of  these

cou lses ,  a  consc l -o r ls  oo lec t i ' ve  {as  tg  i ' o t !oduce th€  s tudeDt

to  the  conPuter .  Thus '  ge t t ing  the  s tudeI ] t - to - run  sone k j 'Dd

" i  
p ioq . " . ' vas  oo ie  iopor tan t  ihan  the  Pa l t i cu la !  toP ic

i . i i o  i t oa i na .  l he re  r e re  sone  repo r t s  o f  use  o f  t he
i n i i i se i - 1 " " i  r ]  Feng  dnd . s te rbe rd  ( see  sec t i on  v  f o r
r e f e r e n c e ) ,  b u t  t h e  o v e x r n € l ' m i n g  o a j o r i t y  u s e d  u D P u b l i s h e d

n o t e s ,  d o s t l Y  t h e i !  o s D .

! i n e a r  a  I  g e b i a

As in  o thex  areas .  los t
There  re re  th lee  users  o f
and Stenberg-Ducbaroe (se  e
a n d  t i n e s h a r i n g  r e ! e  u s e c l
IORTR AN.

D  j . f f e  i e  n t i a  1  E q u a t t o n s

i ns t ruc to rs  used tbe i r  o tn  lo tes '
cLauqh l in '  one each o f  t l i l l i ans'  
i " " t i o n  v  f o r  f , e f e r e n c e ) .  E a t c h

a lou t  equa l l l ,  as  re re  BASIC an ' i

T h e  p a t t e ! n  h e r e  ' d i t h  ! e s p e c t  t o  m o d e '  l a D g u a g e '  - a n d
r " t i ' i i " i - " " t "="" t " "n t i i r ry  the same as r i th  l ineaE a lgebra '

; ; ; ; ; ' ; ; ; .  i o o ,  u " " . "  o f  z i e b u r ,  a r d . o q e  o f  H o l l  l : t : .
; ; ; i " ; - "  f o r  r e f e r e n c e l  .  t h e  n u n e r i c a r  a s F e c t s  o f  b o t h

i ; ; ; ; ; ' " ie; ; ; . - ina ai t t ! ' "ol i i l  equat j 'ons ?a'  ol ! : l - l l " rud"d
i i " " " . " i i i " r  analys is  99Yr ies,  an ' l  oanv Datbeoat j 'c1ans
c o n s i d e r  r h a t  t o  D e  

" o r r r " t " n i .  
o D  t h ;  o t h e r  h P n 9 . - = l  = t " r l

i i i " i i i l i i i i  q tor ins nunber  coDsider- i t .  shcEt-cbansins the

s iua ln t  to  preseat  a  course in  one of  these areas t l thout

i " " ' i i i i r ' i s  i ruoer icaL oethods '  s ince oost  pract ica l

; ; ; i i ; ;1 i6" .  o f  bo lh  subJect"  
" t "  

no '  carr led out  r i th  the

aid of  con Puter  s .

P in i te  l ta the oat  ic  s

Th is  i s  a  sub jec t  t ha t  ras  essen t i a l l y  c lea te ' l  .  bY- the

" f u = " ] .  
t " " t  b y  ( e n e n y .  s n e l I '  a n d  T h o n P s o n '  a n c l  r ' s . n o r

; ; i ; i ; - p ; ; ; i " ; ' a .  a n  e i e * e n t a r Y  l e v e l '  u s u a l l v  t e r h j ' n a 1 '

c o u r s e .  T h e  u s u a r  , - n 3 . u o t " n i " ' u i "  s e i  t h e o r y '  l o g  j ' c '  f i n i t e

" i . i " l i r i l v ,  
na t r i x  a i seb ra ,  and  aPP l i ca t i gn :  ! ?  l i l : u t

i i J i i l t t i t d ' " . a ' - r o -pe i son  saoes '  a1 r  t r ea ted  oD  a  ! e r v

i i ! i ' "  i i i lv '  r ; ;  l ' .  t l i rere o ' i  respondents ra i led to erv€

; I;i; ;i; 
- ;. ;' " ",! i! rli: ̂ t :, H"" :'::i:""1' " i; f : : : !", iii tll=d is t i ngu i sh  be t  l een  t l r r s  t

c o u ! s e s  i o  r l n e a !  p r o g r a m r i n g  a n a  g a u "  t h e c r Y '  o r '  i D

o i " r i t i o o .  E e s e a r c h .  N e v e r t h e l e s s '  i ' t  i s  c l e a !  t h a t

;5 ; ; ; i ; ; - ;= ;  i s  bes ino ins  to  apPea !  i n  t he  e reoe r ta rv

; : ; ' . : ; - -  t e i  " i * '  
n u o e r i c a l '  a n i i v s i s '  i t  i s  e s s e n t i a r  i n  t h e

i i J u - u J n u i " " a  c o u r s e s . )  T h e  P a t t e r n  o f  u s e '  $ o d e s '

i i i i " " i . " l - i "a  u i ter lu is  rus s in i lar  to  tha+-  fo !  l inear
j i l iSir l -" i ,a-air ferent ial  eqrnt ions'  one book in t l t j 's  ar€a



coNDIr fT  1977 s ta te  o f  the  l r t  BePo l ts

has  J  us t  bee l l
(n iUiars)  is

Dublished {Doro-uccrackenl arld an0t be!
ibout -  to  be  (see sec t ion  v  fo r  re fe renc€) .

uath e oatic s

I , l -be! a1 Arts l {ath€[at ics

P r o b a b l y  n o  t f l o  o f  t h e s e  c o u l s € s  a r e  a l i k e ,  e a c h

aepena ins  6n  the  persoua l i t y  and i l te res ts  c f  the
i ; ! t r ; ;45 . ,  on  th ;  tex t ,  and oo  the  pro fessed PurPcse fo r
hav lnq  such a  cou lse  ln  the  curE icu lu ! .  Lbere  the  cobPut€ l
i "  r " j a ,  l t s  u s e  l s  a P P a r e D t l y  s i [ i l a r  t o  t h a t - i n
orecaLcu lus  courses .  lone  respondeats  rePor ted  us iDg the

i " r t - l v  i . .1 .  so i th  (see sec t lon  v  fo r  !e fe r€nce) '  rh ich

" "n to f 'n "  
a  chapter  on  conputers  and the i r  uses .

Bus iness  Uat ,he0at ic  s

A fe r  i .Ds t ruc toEs 1n  th j ,s  a rea  seeo to  be  t l y ing . to  91ve
fu ture  bus j .ness l le l  a  L i t t l€  hanAs-Qn coopute !  e rPer tence '

th is  oay  lepresent  a  ner  eh€ lg inq  t lend .



u a t h e o a t l c s

C o N D 0 m  1 9 ? l  S t a t e  o i  t h e  a r t  R e p o r t s

I 1 I .  P R O S P E C I S  F O N  T I 1 !  F U I U R E

Th e int rcd uc ti o" 9l . "-:'t::::;' i :t":t:trt:it ;:; :l= u 
t nl o 

0".,

:i::' ;::::i;: ::ili; i}rli i?:i:Iiii.i:;i'.:1i".;":::l:::.,:l',:oH:"::,::l'.'lill':i-:i.l:i"ii:Fli;"ii,':t*e:i:lcs''h j ch
i s  p u t t l n s  F l e s s u r e  o n . t u : n : " 1 " : i : : ^ l = i i " i 1 i i " " " r  p a t t e r n s  o f

li:i:::i:; *'lrFll::! l;:: :: ;:i :';":i:l :!i!:it'ii:;;
iii[:n":.:tdii'"i;l!:ltl:l l:ll:lt:';:l:;:iii' :illl'"'""
ilhi:1.;i:":::":il.ii:ri:;l:i;. t*',*itr;,,t' ;:iitiir" .
ll3,i lnlil" li"" ;; "::ill;' i'::l;ii"*;,:i"'lll::1.'.iii'"'ili.""u
::::i E:- i! {F :' i: "i i"ili.;*.:ii;i,l *i ;:n :;"'.1":n'
n a l o r  j o u r n a l s .  A n  : l P o : : u i :  J l - " , ' I i - . " i " - . t i m u l a t e  t h i s

lili::F':::n::::"'iii "?;' ::.1'ii "':::;'"';::'"n"ili.'"''
.,,i :ii!ii::l::liii:iili:iili"f iri:,,,i1i.:: llil*lll.,"l'
ava i l ab i l i t v  " f  " i l : : t : : ? : ; 1 j i " i " f ' . i r r ,  on  t he  one  hand ,

l:l;: i:i"'l:i :l :ii:li itii::i:t,: !it;iit,i".l;::"::;i'"
Ei:::T:.il"ti:lli1il'!:ir,:!i:i.ilkii,iri:r":'n;t:il:,,.
c o m p u t e r s  f o E . E o u t i n e - s o a  

r i : h  i n r e r a c t i v e  t e r h r n a r s ,  p l u s
ine ipens i  ce  n in ic  ompute  rs  

o '  id "a^" i ; - ; ; ; ; ; t  " l s ,  
p lus  _  son€

:J:; l: l t.?"::: l i l i i l"?' i;-:;; 'ei i iee" sct'oors' - ' i11-Prcbablv
!ii!" a' " o'' put", _: ":. I I S !:"[""ii::""U:":; ::,;i:::'ii:]:
e v e r v  c a n p u s .  I t  r 1 1 t  a r s o  j - ' l : : " : : - " : : " ; ; " - ^ ' ' e x o e n s i . v e
;; l ; '" ' ;; i ; ; stude !t s, no r. co-::::":: i . " :?;!it3'.. i l l i l ,  " 'u
:ili, :liif :ll,i *lii:il'l*' i:fi ii:'iiirri':'!;r: "" 

:i:"ir
::::r; i l l i i : : '?.l". l l i l . ;;; ' ; iui. 'oo' u"' '  . Ho'.ever.' a1l

:::t";t:t::H'i:;;i:; ilit::.lll'l?,!l!lii ti:" nllui)"'"'ll"
b e  d e v e l o P e d  a n d  t h a t  t o = i t ' * i f i  ' l e c r e a s e '  l l  ' i s - n o t  

c 1 e a 1

i::1" :ri:il:xl;" iill:" ll:: li ;' i;.1;l;t::|' :li',?i ":lii'""1'"
:irii,i::$i;*i=:itl*ri1'!: i:::,!*il:;ili:;:"1 "11...c a l c u  l a  t o r s  '  b i n i c o r P u t e l
n o r e  c o n  v  e n t i o n  a I  c o $ P u t e E s  '

thi le nuch of the usesof 
:: i":?:i : : : 'r i :  : : : l i : i i ; ; . t

c lasses  to  t l a te  has  DeeD
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CONDUIT  19 '7?  S ta te  o f  t he  A !+ -  EePor t s

o f  e l e c t r o n i c  d e s k - t o p  a n d  h a n d - h e 1 d  c a l c u ! a t o r s  h a s  o a o €

t h e  c c | I l p u t e l  e x p e n s r v e  u n - o  i l u t t y  i n  s u c h  a  r o l e ' ,  1 n .  t h F

i:i:i:il:i: :li:':t:';:l:, T,:ii::i'"""":l; ri:, i!,ll':iil[i ;;i " ;:: . ;l: -t ::: l: t li:;,:i,'":'"' ::;; ":?'". ?'.1" u lil' n" n
t o  I a k e  d a t a  b a s e s  a v a l l a D ]

aDa ly  s i s .

S in i l a r l y ,  t h i l e  so re  i ns tEuc to l s  i n  ca l - cu lus  a l c

a r=J - " "6 t i "q '  i t t "  va lue  o f  i n ieg ra t i nq  Duher i ca r - conpu ta t i on

i n t o  t h e  t r a d i t i o n a l  
" o o t = t ,  

i t ' " y  9 ; " . u } : o - . ! : * " : ' t o  
d i s c o v e r

i i ' i i  t " " i .  o f  t h i s  cooPu ta t i on  can  be  done  r : t r '  r ne

i i i i" i"t. ,"-.u"i.r stuaentstar.r;:: l  : : tr:: t  
*, i : :"1?;. ' :":" ' '

T l e  a v a i l a b i t i t Y  o f  s o u n ' l  .
i " " t l " " - v l  r i I l  h a s t e n .  t h i s  d i s c o v e ! v ' .  r - n  t l ' e - : l : : i - r u n '

i i " i "  t "y 'be a teoptat icn. to  r lchooser !  betveen ca l 'cu la tors

ana l  conpute ls .  aBd econoor "cs  Eay  fo rce  the  cho ice  o f  the

; ; ; r ; ; : ' - ; ; ; " i o a r l v .  t h e  r i d e s p ; e a d . u s e - o f  c a l c u l a t o r s  n a v

r " i i " ! "  t r ' , .  deve lo ineat  o f  ins i ruc t iona l  cooputeE use by :

rii-lii:li" :;,ll;t";u:"r ];":i":"i:::l'l : i:"'11;;:::""
; ; ; ' ; : ; ; i t - i ;  i i i i " 'u t i is  courses (stranee as that  T: I  " "
iJ-"-nonin" i r ' , . . " t ic ian);  and (c)  ident i fy ing more c lear lv the

i i r ia"- i i - i " "4 conputat ion-and the need for  conputers b€yond

i i o " "  f i t i t " .  t ' l c c a r t y  n o t t i t h s t a n d i n g '  e v e n  p r o b L e D s  a n

i i ! - " i t " " - . " : . .orus carr  g€t  oot  o t  t tona '  Beyond Bat ters  o f

. i i i i . - l . i i i i ' ; t  ic ,  the ie  ar€ aLso i t rPor tant .  ro les fcr

n:!:i=i.tHi.;:llil:tlii"i':{" :?l;'::ln;:"li?li.lll'ii"'
ca lcu  fa t  o !  s .

Dev€ loPe!s  o f  I [o !e  soph is t !qa ted  hard" {are  an ' i  so f t ra !€

" r " - " n i r t o l i u = t i c a l l y  
p r e d i c ! i n g  d r a o a t l c  e f f e c t s . o r '  a n d

c h a n q e s  i n ,  t h e  t e a c h l n g  o i  t i i t t " t " t i " " ' - e s P e c i a l l y - i n  e i e r

I i - i i 3J t - " " " - i "s  hardrare  cos is '  For  e raEp le '  Po te ! t ia1  uses

; ; ; ; ; - ; ; ; i 6 ' " v s t e n  f o !  c o l l e q e  t e a c h i n s  H e r e  ! e c e D t L v

ii;i; r'ii"i!-ll ;,^n:ll:;:.1 ::'aFl::ii:it, i;iiltlil:,1**'*
s 5 -  2 3  (  1 9 ? 6 )  A - 2 2 6 ' . A
GMr rr c c o on u! i tY ." rl:s :.1 i:l -ni" i "i; :" .**{*;"li*rl
?3"J1 3l'li t;3'li^l'""li""il' i',i" iliiilu il". ill- i "i" !" :''v o'
i i i ; ; ; i ' ; - ' - ; - i t i  sophi i t icateo and r lex ib le sra! l ' i ls
i : ; ; i ; ; i ; , - ; . ; v  o r  r h i ch - c i n  l e  suppo r ted  bY  a - s i r 91e  l a r se
; ; ; ; ; ; . - . '  I  l i ea t  dea l  o f  courser i ie  fo r  the  PLAIc  svs teo

; ; " ; ' ; ; ; ; ' aeve iopea ana tes ted  i r  teqs  o f  thousands o f

c lass loon hours  a t  a r r  g i ide  1-ve ls .  r ron  e le  en ta [Y  tb rougb

: ; i ; ; ; . -  i r ' . i "  i =  r i t t i e  a o u l t  t h a i  u s e f u l  a l d - e x ' i t i n q

; ; i ; ; : " ; " " i4 - ; ;  aone r i t r r  Pr 'Aro  a t  th€  co l les€  lcve l '

f i e a v e ! ! s  p a p e ! .  h o r e v e ! . - p r o v i O e s .  n o . c o s t  e s t i e a t e s  b e y o n ' l

" in r "ss in 'q  
ihe  conv ic t ioD tha t  ' t { i th in  f i {e  to  ten  years

; ; : ; ; ; ; ; i ; " - ; ; " h i r e s  r i t h  e o o d  s r a P h i c s '  l u ' , 0 : , u . : : : ' l : : - : : - -

n e D o r Y  a n d  c o ! l P u t ] . D g  p o r e  I - a n d  s i t s p 1 €  '  p J r e ' : u L  p r o q r a [ e l D g

i i l ; ; ; s ; ; - " i ; i ' 1 " - t i a i ' " p i ' ua '  l quo iec  i i on .  d  p reP r i n t  o r  t he

; ; : ; ; :  G j -?en  fo reseea t le  econou ic  co ro l i i o i l s  o !  co r l €9e

t ' l a th€na tacs
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coND[1T 19?1 Sta te  o !  the  Lx t  lepor ts

ca$cuses ,  re  th ink  tha t  h is  Pred ic t ion  is  -such !o0

o p i i t : t t i " '  C g  i g  a  f a ' o r a b l e  c o s t / 2 b e a e t i x  r a t i e  c o D  ! e

. " t  
" r  

t l "  t l . a  E6 lco l l - eqe - leve l  i ns t ruc t i o ! '

N to the r  examp le  i s  p rov ided  by  the  t {AcS I  A  sys te ! '  a

" t r i o i i "  
c o I l p u t ; t i o n  s y s t e m  d e v e l o p e d  b y  P r o j e c t -  u A c  a t  t h e

i ' " " " . a l ro " " t t i .  I ns t i t u te  o f  Tecb ro logy '  0ne  o f  l - t s

aeue tope r= ,  P .s .  l { a !9 ,  ! ecen t l y  repo r te t l  t o  t he  aDer l can

Assoc i ; * - i on  foa  the  A i l vancenen t  o f  sc i€nce  cn  aD

r i i " i i t " n t " r  c a l c u l u s  c o u E s e  u s i n g  s y m b o l i c  c o n P u t a t i o l l

i i i r i  i i i . i i . " .  o f  s vmbo f i c  coopu t l t i on  f o !  t he  Teach ing  o f
[ " i [ ! i i i i . " , ; ; - p i " p i i n t ;  a l so  subm j . t t ed  t o  ccuc /7 ] '  t ans
; ; ; ; ; ; ; ; - " . ; "  ae ta l rs  o :  I tAcsY A:  i ' t  l i ves  i t r  a  PDP-10 e l th

i i i i ' r l . t a "  
" r  

n e D p r Y :  t h e  s y s t e o  o c c u P i e s  l ? 5 K .  r o r d s '

i ; ; i . i i ; ;  1sx  r , r rh . -  o f  ro rk ins  sPace fo r  the  f iEs t  us€r :  an t l

" " i i - "a i ia i . " . r  
use !  ne€a ls  aoot le r  :sx  Hor ' l s  fo !  ' l a ta  an ' l

; ; ; i  ; ; ; ; " .  A  resPona len t  to  our  suEvev '  aLso a t  l ' l lT '
; ; ; ; . ; ; -h i=  

"n tho" iu= .  
about  the  po ten t ia l -  o f  svobo l ic

" o r i o i u a i o n  
s i t h  t h e  o b s e r v a t i o n  t h a t  i t  c u r l e D t l y  c o s t s

a b o i r t  s 2 5  p e r  : e r h i n a l  h o u r '  I n  s P i t e  o f  t h e .  i D t e r c s t

d e n e r a t e a l  b Y  t h e  I t I T  e x p e r i o e n t '  r e  b e L t e v €  t ' I . a !  t t e

l i ' i i "  i i "L i '  l " "ef  i ts  of  
'  
s  vobol j 'c  conPutat  ior .  ar  €.  ov€!st  at  ed

; ; - i ; ; - ; ; ; ; . ; " ' t s ,  a n d  r o u l d  r e n a i n  s o  e v e n  i f  t h e  c o s t s
d r o D D  e d  a r a  E a t ! c a f l Y .

Another  d i !ec t ion  o f  ln te res t  fo r  fu tu re  t leve loFoent  rs

a t  ih i  o t t re r  end o f  the  sca l 'e :  Hot  can one ge t  oax louo

"do i " l i . " i r  
benef i t  ou t  o i  cx  i s t i ' ng  ha !dra !e ' l so f teare

{ i t h o u t  s p e n d i n g  n o r e  m o n e Y ?  o n e  s P e c i a L  a s P e c t  o f  t h i s

; ; ; ; ; i ; " - ; ; ; ; ; ; i s  the  pr iu r i t i ve  kevPunch/card  !eader ' / soar l '

i oupu te r l1 ine  Pr in te !  coob ioa t ion  found on  ! lany  canpus€s '
; ;6 ' ; i i ; ; - ; ; v  io t  te  upsraaea fo r  vea ls  fo r  Lack  o f  funds '

r ie  s i tua t ion  is  no t  ve ly  d i f fe ren t  on  many ra rge  caoFuses
, i i i t  f " . q . .  f a s t  c o l l P u t e E s '  l . h e r e  t h e  f a c i l i t i y  m a y - b €

s h a r e d  r i t h  E e s e a r c h  a n d  a d m i n i s t E a t i 9 e  u s e l s '  a D d  l h e r e

l i " - " i i t " " " i  coDput lng  oay  be  ) :e la t i veLy  ine f f i c ien t  . (as
JJrp" i "a  e i . th  a  dad l ;a tea ,  t iEeshar ing '  t r in icooFuteE)  '
lnc iher  recent  repor t  to  the  Aner ica l ]  Mathe ! la t i ca l  soc ie ty

f  i . - l  .  s t i t r ' t ,  " A  ; o - p r o g r a I e i n ' J  a F p r o a c h  t o - c o m P u t e r  u s e  i !

i l a themat ics  couEses. ' r  [4 i9SE ] -d -S*  23  (1916 ' t  L '226 '
i l " i i " " i - r : l -ga-r  I  bre3f i€t-a iJxper ioeot  -nov being t r ied
o D  t f o  c a n p u s e s  ! o  q e t  t r o r e  $ a t h e s a t i c a l  e d u c a t i o n  c u t  o f

l e s s  t i B e  ; n d  e f f o r t ,  b y  p e o p l e  a n ' l  c o | n P u t e r '  b y .  u s i n g  a

" i c i a q . a .  
q e n e r a l  p - r p t s € ,  ! e c u E s i v e  s e g u e n c e ' - a b u r a t o r '

i ; ; ^ ; ; ; ; ' . ' l i ; " ;  i s  a r ! o  r o r k i  n q  o n  a  P l o s r a m  t o  P E o d u c e  l o u -

cos t  l i ne  p r i n te r  p i c tu res  o f  su l f aces  i n  sFace  fo r  s tuden ts

o f  ! l u l t i va r i ab le  ca l cu  1us  .

T o  s u m m a r i . z e ,  t h e  f o l l o u i n g  ' l e v e l o P o e n t s  P o i n t  t o r a r i l  a

! a p i d  i n c r e a s e  i n  t h e  u s e  o f  n u 0 e r i c a l  c o m p u t a t r o n  r n

m a t h e m a t l c s  c o u r s e s :  P [ e s s u r e s  f r c o  o u t s i d €  t h e  o a t h e [ a t i c s

d e r a r t m e n t s ;  a v a i l a b i t i t y  o f  c a l c u l a t o r s  a n d  ! l i n i c o t r P u t e r s ;

a n A  t  h e  a v a i l a b i l i t y  o f  t r a n s f e l r a b l e ,  e a s y - t o - u s e  F a c x a g e s
; ; ;  ; i t ;  ; " ; i . " .  

" u p p o . t . d  
b v  s o u n d  t e x t  o a t e r i a l s , .  a n d

c a p a b l . e  o f  l u n n i ! g  o n  e x i s t i n g  e q u i P [ e D t .  I t  e a l  b e  a n

tlathesatic s



$ atb€oat lCS
coNDtt l .T 19?? state of the AEt RePoits

overs ta teaent  to  ca l l  th j ' s  a  levo lu t i cDaEy change '  - t :u i  
i t

a rpears  tha t  ra thesat ] .cs  t " i t " t i - io t f t " t  t i ran  those.a t teDde ' l

b i ' s n a l l n u r b e r s o t t " : o t " i " i i t a ' f o r g r a d u a t e s t u d y . i n P u r e
r l t h e B a t i c s )  t i l l  r o o k  

" " t y - d i f f " t t n t  
i r o o  t h o s e  a f  2 0  o x

eveD 10 yeats  ago.  r r ' "  po t tn= i i i i i y -dEasat ic .e f fec ts lo f

. . ip " i . t ' g i "p r t i cs  on  the  teach inq  o f  na thenat : ' cs  r l r r

pEobab ly  no t  aPpeaE on-u  
" t i " "p t i ' "a  

bas is  as- fas t -as  the i r

[ - .o " roo i . "  p re i i c t .  Pr inar i l y  fo r  econon ic  Eeasons ' - .

i IJ l iJ i i i " . ! - i ; - t  i ia i i t '  ani l  sof tnare r i l1  certarDlv-
cont lDue,  aDa l  cos ts  t , - - , ' ,  

"o i t i i o t  
io  d" " t "u t t '  - . l l o r€v€ ! '  

tbe

inpac t  o f  these dev€roPle t i i - t - i i r  P !obab1y.  qo l t inue  tc  be

i i " i i l a -1"  Eera t i .ee ly  ie r  caopuses  un t i l  theEe rs -a  '
; ; ; ; ; ; ; "J - " ; " ;s  aa th ;na t ics  t iacbers  tha t  re  can t ro  lonser

aiiora to do rlthout these tools'

161



I atheoatlcs
C o N D U I l  1 9 ? 7  s t a t e o f  +he  A r t  Repo ! tS

IV .  R I IEVANl  L f1 !8ATU BX

EOJ OO FN A !5

T h e  a c t u a l  o r  P o t e D t i a I  u s e f u l n e s s

t . r i i - i " n  
- i i u r n " r i  

i s  ' l i s c u s s e ' l  a D o v c

i i i i l " i " . i t i " t  in  PaEFntheses are used

i l i ' " i ' i i -  i " a i * t e  s o u E c e s  o f  r e v : e r s '

o f  each  o f  t h€
in  sec t i oD  f .
in the b ib I i  og!a Fhr'e s

Ane4.aD Il at hem ati cal !lggl\!f ( Altlt )

l-s.!g.s
gE$r

s ta  t i s  t i c  ia  n

coopu t iDq

sducationa I t]jl!!gs i,!. !g!!g.!3gacg

ggg-Et gg lhg A.trlEg statistigal Association

( J A  S A )

|lathenat ics !AS-gz]-E

[a the$at ic s l€i.ghgI (t'{T)

!.1-4 .E-e.src!

!.!.9,-E34 E gltgi-e I'l at he rat i cs J9!I!g! (1 Yc !t'' )

ooC0R RIc  UL  Uu

see  sec t i o l l  I .  f o r  add i t ] ' ona l  cooher l t s  on  the  fo l l o r i ng

na teE  ia l s .

#ffiti*i*#' H.#':t*f+€+#, ffi€*' P

W':t#iiifcouEses
t Tf;#t*" "*t.* H:*'!ff:'tft sit#T:'3u I ! ;" l? I u'' 

" i: ;i:i;i'
. . u i . i t r ,  A l t l l  8 j  ( 1 9 7 6 )  7 3 '

e!4-€ gq !E Aoexican nathematical E.ggirglJ (NALs)

1 5 8



U ath coatics
CoNDUIT 19?? s ta te  o f  the  Ar t  BePor ts

ffi€""ffis*S,S;ilil*;
:l:ii!i' ;l,it,,l";:l"i:'"i:"1il"u!li,lluln"" "

Iora
1 9 ? 0 .  T h e

coD ferences

1 5 9



CoNDUIT 
' ,1 9?? St-ale of t-he Alt RePorts t ' lath€natfcs

V .  lNSTRUCTIONA!  I 'AT !R IATS T06  I !ATT iE$AI ICS

O E C O N D U f T  R E V  l T H  O !  [ 1 A l E R l A L S

f h e  a t h e m a t i c s  a A v i s o r y  c o n [ i t t e e  h a s  s o u g h t - t o  i d e n t i E y

" " ' i l ; . ; : ; ; ; ; ; - i n s t r u c t i o n i t  
h a t e r l a r s '  p u b l i s h e d - o x .

r$i:li:*:i"ili.;i;"iiii.l* :i ""i,'i"'liE i "iii{ -iiiri: 
*"

::::i:i!::i ;;l,tl:;:"1!;i::11";: ^;;l:;:" "i""!i;::'::'i i;;ei;;";i;';ieas ror :::li*;.:"".:rll"lltlo..llirlil l i"i"
of  use anal  suppor t ing &at€r
have at te$pted to  acqurre - t ia-=t i " tn . "o" r f f l i19^1111 

roo lea

i:i:r ii ;:l^ii.:::,:i:' ;': i'":?i::::""?l' " i! !ii:i: i:!'""" .'
iriFs *i;t.i*.;;.:;?li:,':'i::l?l';!"ii!'ill,lll.'i!'i" "'
l'iii.iiiu-..-i= ii q i,, r','q i'" "i i:'.";:lt"l"-.;:" o3!i*o.""ltor...
?'":": "=":."r:: ': i ' l  ;" :l l '^": ";"; ;i i iuri i it v' o t ' l i :a 1 : 1" *no' n

ii":lnii,'*i" il:;:':::' ;:t.::;:':i'l:":13';:il"ln'u'ui"""n'
i teas  ,  and so  on '

' *lii]{,13 l:: :;;:1:X'?:' "::ti:i':::n":: -ii.: :li!;!:1t""
"iiii ai".ipiio:"i ::l*":iuriiSiiS il?il;,1'J::*;::'ii:l
""l3il3'i; ilu..ilii,]lill"i"lli?l::"!l:i:iii;,:;:::'.,l;;',,""
suppor t i ng  te  x t  oa te !1a rs '
i J ' i I o i ! * ' " " " t v  c o o o e r i c a i l v  f u b l i s h e d  ( o r '  F u b l i s h a b l e )  t e x t

!i*:,:::ti:;:;.i;':*";l:lit;'::;;uiii li":i-:i!i' ""t' "
:ii!i "lri-:"i::t:r;il 

; 
":l'lli;l;ii,3xlii'.i3.:"":l;*ii:'"':'i;;il"n:';li:i il-illili:lli:,;i::iHli;\i"' :i":Ii,il':

:';:: ;l "li:"i.i?llil,ii;iill i"::lii:;i:;i::,i ;"ii:" ..",."
u n i v e  r s i t  Y  o f  I I l i n o i s '
i i i i i :"" ir i  carc' ius.., ,exts l , : : i :" : :  :?":: [ : .1"1::"rand 

rvnch-

? lil! i3;f ll ' i i; .:ii l l l i"5"::i" it- *'l- "u' rv -atte o!t€) a re

xlT:lll.i:.t":r'iilil':*"ih'!ii!:i:lli!i'r:;::"u """
ccncent la t€d  ouch less  o t i  pu l i i " r t "a  tex ibooks  in  the  fu tu re '

rn the a.ea or stat lst j .cs,k: ; : t . ; : l : " i . : l  : l : r i : l i : t : : :
ll'l' ;'.3;:"13'iit"i:i"::l:lii::i",1;;' :'i :lil;;"*;:,1::,
b e € n  t o  c o n c e n t r a t e  o n  I n a t e 1 1 a t "  '  i  '  "  .  :  -  :  ;  :  

'  
:  -  : .  ;  ;  ;  

'

i " rJa i " "  in  s ta t i s t i cs  courses  as  typ ica l l y  taught  rn

1 ' t  0



CONDUIT 1971 Sta te  o f  the  Ar t  Bepor ts ath enat  ics

u n d e r q r a d u a t e  I a t h e o a t i c s  d e p a r t n e n t s ,  a v o i d i n g  d u F ] i c a t i o n
; ; " ;a ; i " - ;y  -u r  co l leagues ' in  th€  soc ia l  sc ieDces '  an ' l
i i " o  u u o i a i n i  P a c k a g e s  d e s i g n e d  f o r  t h e  r e s € a r c h e r '  . o n e
D a c k a q e  r . a s  i e j e c t e d  b y  r € v i e r e r s  o n  t h e  q r c u l d s  t h a t  l t  Y a s

I l l - i ! . "u . . r t -o i ien t .d  and no t  f le l1 -su i ted  fo !  ins t ruc t iona l
us  e .

The co tu$ i t tee  has  a l -so  dec l ined to  'ev ieH so f t i .a le
Dackaqes rh ich  are  proper ly  c lass i f ied  as  t rsys temsr r  ra ther
i . t ran  is  " ins t ruc t io l raL  packages" .  Inc luded in  th is  ca tegory

a r e  t h e  l t t P  s y s t e n  ( a n d  j . t s  r e l a t i v e s )  d e v e l o P e d  a t  - t h €
Onivers i ty  o f  Texas  aDd the  t tACSYt lA  sys teo  d leve loPed a t  l ' { IT '

d d C O U P U T E R - B A S E D  I T A T X R I A L S  O r  I N T E R E S T  T 0  I t A T I I E I t A t I C I I N S

The fo l l -o r ing  mater ia l€  have been ident i f ied  as  hav lnq
o o t e n t i a l  f o r  i ; s t r u c t i o n  L n  m a t h e o a t i c s .  A d d i t i o n a l
i n i o i  r i t : o n  a b o u t  t h e s e  u n i t s  c a n  b e  o b t a i n e d  b y  v r i t i n g  t  o
i t re  iu thors  o r  pub l - i shers .  For  i t l fo roa t ioD about  those
nate ! ia ls  d is t r ibu ted  by  coNDl I I l ,  see  the  c0NDI I I I  Cata lo9 '

Journa l  abbrev ia t ioDs le fe r  to  the  l i s t  in  sec t ion  Iv '
I t cs t  reY ier ls  in  the  Ig ! ! ! f J  (A l ' l t t )  aEe i ' te legraph ic  !ev le rs r r ,
cons is t ioq  or  coopre tE-b i t l l i ographJ ,c  in fo roa t i 'on  aDd br ie f
conne n ts  .

CALCU IU S

A 1 1 e n .  J r .  R . c . ,  a D d  f l i n g ,  d . G . '  P T g l l e o s  g ! :  A  c o o E u t e r
or len  iea  Q! , t rS .  .Prenc ice-HaLL.  19?3.-E f ,Ts  

ur i t  cons is ts  o f  s ta teDents  o f  Prob le t rs  fo !  a
ca lcu lus  lab .  se lec ted  so lu t ions  ( ' t l th  Prog !a [s  aDd
o u t P u t )  '  a n  a p p e n d i x  o n  F o R T F A N .  a n d  a c c o o P a n y i n g
so lu t i "ons  nanua l .  A t l t ' l  81  0  9?4)  805.

Boqart K. ' and vitale. l l .. I!.g 9.g.19f-LU.:, glj PoDulaticn'
e r 6 l e c t  c b l p u t e .  D a r t o o u t h  c o l l e g e '  H a n o e e E ,  N e l  H a t P s h i r e '- - - i lo . t  

tex t  o ;  ca lcu lus  o f  e le [ len tary  func+- i 'ons i  Dot iva ted
by  p iob le l i s  - rn  PoPuLat ion  gror th  and supPor ted  ty
co  [pu te !  aPP l -1ca t  1o l  s .

C h r l s t i e ,  D .  ,  G a ! f u n k e l ,  S .  '  e t  a 1 . .  C o $ p u t e r  a n d  I ' a b o r q t o r v
c a l c u l u s :  C A L c  P r o i e c t ,  E d u : a t i o n  D e v e l o P n e o t  c e n t € r '  I n c '- - - -6E- ie  

po  r  ted  Dy u  !espoDdents  to  coNDUrr  s t rvey '

S-9,g-@ L&.rclgIJ -!g-!+ &.! calcuru+' r)paEtocut 6f
; ; I I ; ; - i cs .  Lakehead un ivers i i y '  canada (n  P , rb l i sh€d)  '

D  c r n ,  l i . s . ,  H e c t o r ,  D . L . ,
e!fi-gg3!gg f o! ca lc uL uE.

aDd Bitter' G. G. , !. l l-g!g!-g!-  
P r i n d l e ,  t l e b e i ,  a E d  s c h E i d t ,

1912.
Th is  tex t  con ta i l s  na !y  poss ibLe aPPLica t ions  o f
conput ing  i .n  ca lcu lus .  I t  oay  be  i lu r i  use fq l  as  a  source

1 t 1



ath ern atics
co l {D l t l l  197?  s ta te  o f  t he  [ ! t  nepo l t ' s

H e n l j . k s e n ,  l { .  '  a o d  L e e s , . 1 1 ' .

an ln t roduc t ion  Q Nu ner icaL

or ideas ror r.nst!uctors*ll"l"i"ui.lEI'"fti ?il l i l l ;:" ."
T h e  P r o q ! a s s  a r e  ] . n  l u 1 1 !

. i " f " i " i ' tqo"q" .  Af i t l  B0 ( ' t9-71)  103 '

carland, s. J. . (e d- )' c+*ii";tt"ffiil,rll""i'""
athe  $a t  i  ca l  Soc ie ty  aDd a

a re r i  ca ,  19? 5 .^ ""i: i:, *! ;:i::, n;i::'::='. :i::?:: ?::"' ":i.lii:ii!.ii'""
. " ; . ; i ; .  s a o p i e ' p t : o l t e o i ,  t t t l p  o n  g e t t i n g  s t a r t € d '  a n d  a

i i  l i i o  e i  upuv  
- t  

io  i l  a !  to  th is  oDe '

gamuinq ,  F .$ . ,  9g .19g1E and the  conputer

Houqh ton  l ' l i f f l i n ,  
'1968 '

"-" i i r iJ" t . i t  
" t r " -ora 

u" required !eadirg
i i - . u y  l "  t o o  t e l s e .  f o !  s t u d e D t s '  N o
-o i  

p i i ,q t . * t i -nq  ar€  inc l 'uded '  A t l l ' 1  76

1 1 9 1 0 1  2 4 2  "

u-ecbeits

Bss@g.
fo !  ius t ruc to rs .  bu t

codputer  P lob  leos
(  19  69)  576,  l ' , l 1  63

I@]s. E-*+-I.E -1}!!'
.  t l  o r tb  PubL j . she r6 '

t " l n r "  
, na .n ru ted  ca rcu lus  t ex t  H i t h  nune r i ca l  aPP l i ca t i ons

i i - i p i i i p i i i t "  r o r  hono rs  s i uden t s '  An ! l  ?8  (1971 )  5s6 -

551 .

H o r n .  R .  ,
D  ePar  tnent
uo i  ve  rs i tY

E !-s 14.8 g! iqutE!_-E'!-e4gJ.
6ii"iii itiEGieiEE!,'rohn s Bopk iss
( u o p u b l i . s h e d ) .

and Lax.  A. .  g .q . lg ] t rLE.  r+th - - - -
v o l .  1 .  s p r i n g e ! _ v e r l a g '  l 9  / b

Hubbard, B.' aod. Rh"il!:l9li.'h;ri€f€tffi,offinu.
labor ator v EESL. UBPorr.t

K r e i d e r ,  D . .  a n d  N o ! ! a r ,  8 . .  g l g $ - g '  P r o J e c t  c o I x I s T '

D a r t 0 o u t h .

l a x ,  F .  D . ,  B u r s t e i n '  S . z ' ,
ADDIi ca!i9-!-9 an al Corpr' ltLna.
( t o  

-appea ! )  
.

Th i .s  book
couEse as
ap pend i  x

r e E t e s e n t s  a  l € s t r u c t u r i n g  o f  t h e  c a l c u l u s

; ; ' ; i ; ; ; ; ; " ; t i ;n  io  appr i ia  ha tbeeat ics ' r '  The

. l ^ t u i n " - i o i r n e t  s o l u t i b n s  t o  s e v e ! a l  ! r o b l e n s '

Leinbach. L. c.. g+!++lgE.**!-h tt '" 99.8!.g!cj: a Laboratorv

o-tfr* =il: l l i::; l l l l ;. ' i l l ;.r is applopriat: *:o- ::p!1"'" nt
; i i ; "J i ; ; i ; ;  " " " .=" '  

- i t t '  appendi i is  on EAsrc and FoFrFt rN

a n  i l  a  s o t u t a o n s  o a n u a r .  A U i - 8 1  ( 1 9 7 t 1 )  1 9 0 '

L ove. I{. r g c9! I l!€", }*!*$r#nt€*#i*r* 
"?"8:::l:i:, 

:t
a t h e  0 1 a t i c  s r  0 o r v e r s l t Y  o r

(  unpu b l i shed)  .

L y n c h ,  R . v . .  o s t b - ' r g '  D . F . .  a n d  K u I l e E '  n ' G "  ' @ - S ' L ! ' :  ! i . $

i o * o o  i " t  A p p I j ' c a t i o n s .  X e r o x .  1 9 7 3 '

1 1 2



C O N D U I T  1 9 7 ' 7  S t a t e  o f  t h e  A l t  B e P o r t s l , l a theoat ics

s c h r e i n e F ,
1912 .

4., qg,!.P.Sllf C.d.gl.f l ls. stipes Publishi!g co'.

I h i s  i s  an  anb j . t i ous  ca l cu lus  tex t  { i t h  an  appeDt l i x  on

; ; ; ; o ; ; t - ; pP i i . a t i o ! s  a l t l  ' uoe r i ca l  me tho ' l s '  A t tu  ao

( 1 9 ?  3 !  1 0 8 2 .

H c c a r t y ,  G . ,  c a l c u l a t o r  B l ! ! l - U  s .  P a g e - F i c k l i n '  1 9 ? : '
"--tLil't"ii 

FiiifiEfinf,G-r nutli ve 
- 
to manv of the books in

i n i s  f i s t . ' c o v e i l n g  o o s t  o f  t h e  s a D e  t o P i c s '  b u t  r i t h
cor rDuta t i -onaI  e te rc ises  to  be  ' lone  { i th  a  caLcu la to l '  I t
; ; ; i ; - ; . - " ; ;o  to  io t roduce nuoer : j ' ca r  ne thods  ea !1Y '  e i th

o" . -o t  t f tu  conPuter  de fer red  un t i l  i t  becones c lear ly
n" . " " "u ty  fo r  p rob lens  beyond tbe  Eeach o f  the
ca Icu l  a t  o r .

ricNeary, s.s. '- rnlrodustj.o!.*_trtf*i#.ILe! EllellE. for
s tudle nts 9l g+.dt$. Pre Di-T t f i t t i Ja"o ter  

tex t  foE a  cou!se  cout i l  be  used l  iD
p i i " r i . i  to  o r  fo l lo r iDs  =e99nq- : :1 :s l9 :  ca lcu lus '  rh€

i r o g . u r "  u s e  F o R T E A N .  A  l l t ' l  8 0  ( ' 1 9 7 3 )  9 5 2 '

sadl-er. t l., gEtg-f-Cg: A !9-Egfi!.S 4DDrPagh'. DePart0eDt of

t la the0at ics .  UDivers i ty  o f  i i i  scoD s1 !  a t  rauKesna
( u n p u b l - i s h e d ) .

Th is  a  nb j . t ious  laboEator  Y
U n l . v e r s i t y  o f  I  l l i n o i s  i s
h a r d r a r e  a n d  s o f t f l a r €  a n d

m a D u a l  f o E  a  c a u l s e  a t  t h e
soBerha t  t i ed  to  the  l l l i no i s
uses  BA s IC .

H ough ton  I ' l l f f  1 tn .  1976.'  - - i i i i s  
un i t  cons is ts  o f  a  s tudent -o ! ien ted  enr i ' chne l t  tex t

ina  f i t  * "nouf  ! r i th  append ices  oD FoRTRAN'  B ls IC,  and
p iUf  ana an  i .ns t ruc to r is  na t lua1 r i th  conPle te  so lu t ions
a q d  s u q g e s t i o n s  f o r  u s e .

s tenberg .  s . .  and  Ha lke r ,  P .J . .  F4S, : .  +  c9 !P+ !E !
O r i e n t e d  P E e s e n t a ! + o n .  c e n t e E  f o r  R e s e a r c h  r n  c o t r € 9 e
i iffiIioo- oTEIE oc€ and athenatics (cElcrsAtt) ' rlorida
S t a t e  o n i v e r s i t y .  T a l l a h a s s e e  '  P l o l i d a ,  1 9 6 8 '- - - i f r i .  

in t "g t " i "d  course  presents  a  noDt rad i t ioDa l  o rder lDg
o i - l o p i . " l  f t  h a s  b e e n  v i d e l Y  u s e d  f o r  a . n u e b e !  o f
v e a r s ,  l e s s  s o  n o * .  E x P e r j . e n c e  s u g g e s t s  i t .  i s  t c o
a i f f i ;u l t  fo !  averaqe s tu ( len ts .  nera t€ ' l  Pubr rca t rons
i n c i o a u ,  A t ' l  t l  7 8  ( 1 9 ? 1 )  2 8 4 - 2 s 1 1  I Y c N J  ( r a r 1  1 9 7 1 )  5 1 - 5 4 '

stiand, r., !3EsJ.s.e: A E sr.ulgE 0f,iFnted. !+e:qt!9+tcD'
l e par tnen t-' o?-iiTIEia tic s,-t6lq at €' uDi eer si'ty (un P u b1 ished l'

SfAI I  STICS AND PFCBABI I l iT

! . f i f i ,  A . ,  a n d  A z e D .  s . '  ! ! . @ !  l D a l v s i ' s : -  A
conpuier g.ig[gl !.e.gI!-4.h. lcadeoic Press' 1e /z'

s ltith , D. a. , ble$ags.: 93lg-$-LSE 43 !E cooprter.
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CoNDUIT  19??  S ta te  o :  t he  A r t  RePo f , t s

For  adeat rced l  una le rg !aduate  o !  g raduate  cou!ses ;  th is  te r t
e l !Ehas izes  app l ied  s ta t j -s t i cs  techn jques  aDd ass tmes the
ava iLab i l i t y  o f  a  loca l  s ta t i s t i cs  so t t ra le  packag€.
J A S A  6 9  ( 1 9 7 4 )  2 1 9 ,  A n E  8 0  ( 1 9 ? 3 )  4 6 2 .

Alluisi, n., Basic ToRTRAN &g g!.igl-i.Eg.1 Ul}E!€. Dorsev
P f e s s ,  1 9 6 7 .

supp le len ta l y  t ex t  f o l  a  conpu te r  l ab  to
co  u l s  e .

a st at ist ics

Bar r ,  A .  ,  aDd Goodo igh t ,  J . ,  5 ! .4 . i .S ! ig ,L  AnarYs is  svs t€o
( S A S ) .  D e p a r t o e a t  o f  S t a t i s t i c s ,  I { o r t b  c a E o l i n a  S t a t €
t  n i v e c s i t Y .

B L a c k m a n ,  s . ,  a r d  G o l d s t e i n .  K . ,  A J  I n t r o d u c t i o D  3 9  D a t a
HEnaqeme+t  i !  t le  Behav igEa l  a !g_ !oc ia1  Sc ienceF:  The ose

ilgpgtS! !,Es!.eS.€. tri 1eY, 19?1--  
I  h a o d b o o t  l n  t h e  u s e  o f  s t a t i s t i c a l  P a c k a g e s .

BEand t ,  s . ,  S ta t i s t  j . ca I  and l  ConDuta t i ona ]  ! ! 4h  o -g -g  i -D  B lE
A n a l y  s i s .  A u r e r l c a n  E I s e v i e r .  1 9 ? 0 .- -E t  

" * t  
uses  fa i r : y  r i go rous  t rea tsen t  o f  da t  a

a n a l y s l s .  N o  e x e r c i s e s  b u t  s o n e  { e 1 1 - r ! i t t e D  F 0 n T R A N
p . " g i u . s  a r e  i l t c l u d e d  i n  t h e  t e x t .  l t ' l u  7 8  ( 1 9 7 1 )  l o q t l '

Bulgren,  i l . ,  A conputer  Assrs teg ApDloagh !9  +€+€{ . !BEI
!!.e!€!!€: Egsf-s- 9nd &E!sE. Ia1'"9!tn'_lIIl-_- t h i s  

exe rc i se  DaDua l  coB ta ins  l t on te  ca l ro  exPer l t l eD ts  to
be  con t l uc te i l  by  coopu te !  an t l  assuses  a  kno { ledg€  o f
r o n l R A N .  A I , r l l  8 1  (  1 9 7 4 '  4 2 4 .

Bulford' R., !!g!j!g !s,r ! Eg.pj.$g.E ApproajcE charl€s E'

u e l r i 1 1  P u b l i s b i D g  c o .  '  1 9 5 8 .
fn teDded fo r  a  cou[se  in  e leoentary  s ta t i s t i cs  fo r

" tod"o t=  
o f  bus lness  ana l  econon ics ;  con ta ins  f lo { -cbar ts

a n d  F o F T R A N  P r o g r a n  s e g n e n l s .

clark and 9unt, B&!319g @gL: J@.g.S.cta9n-to Bgsiness

a1 rcono. ic  : i -a l l s t i cs  t i t t  cc ipu ter  A .gg-@] ] '  Ererc ises '
s  o u t h  r c s t e  E D  P u D r L s n r n g  c o .

0 s e  ! e p o r t e d  b y  o n e  r e s p o n d e n t  t o  C 0 N D U I l  s u r v e y '

E q B 3 .  C o o p u t e r  C e n t e r ,  L a n ! e n c e  U n i v e r s i t y '

f ,e rshen,  H. .  coooute !  Exerc ises  !9 !  E lenen iarv  +-e ! fs - t  I  cs . '

Ho l land;  t l i ch isan.  oepar t ien t  o f  t la theoar - ics '  SoPe co11€ge '
l roa ie i . l  una le !  Pro jec t  co  PUTe,  Dar tnoutb  co l lege '  Hanover .
N era  I t  aopsh i r  e .  1975.-  -  

l  p i i r<age ions i -s t lng  o f  a  manua l  o f  exeEc ises .  tb i r ty

"u ip rog iu t "  
in  FOnTnAN o !  BASIc ,  an i l  var ious  t la ta  se ts

fo r -use  r i th  a  p !e -ca lcu lus  s ta t i s t i cs  course '

Elg-Bgj!-e-EJ. Intelactive sta!istical Packaqe' orth Carolina
f . A u c a  t i o n  a  1  c o E p u t i D g  S e r v i c e .

u ath en at ics
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CCI IDU lT  19?7  S ta te  o f  t he  A r t  nepo l t s ua th e 0atic s

!&L FORT rAN.  HoI t .

Y r e i - b e r g e ! .  H . ,  a n d  G r e n a n d e r ,  U . ,  !  S h o l t  C o u r s e  i g
C oopu ta t iona I  P lobab i l i t v  apd Sta t is t i . cs .  Spr in  ger  -  1€r l -a9 ,
191 1 .

Th j . s  se t  o f  Iec tu re  no tes  is  in tended fo r  a  g ra i lua t€
couEse;  Dunetous  APt  p lograos  are  inc luded.  JAs[  57
( 1 9 ? 2 )  9 5 4 ,  A n  7 C  (  1 9 7 2 )  q 2 8 .

c i . 1 b e r t ,  N . ,  s t a t i s t i c s .  S a u n d e r s ,  1 9 ? 6 .
F r o m  a n  a d  i !  A I  I :  D e s c r i p t i v e ,  i n f e E e n t i a l ,  a n d
nonparanet r i c  s ta t i s t i cs  fo r  oon-uath  oa lo rs .
cooputa t icna l  exerc ises  us ing  conputer  p iograos  proy id€d
on punchea l  cards  r i th  accoopany iDg I la I tua1.

Gray ,  A .  ,  and 0 l "h ,  0 . ,  ! J -eqE!X Probab i l i t v  43  Sta t is t i cs
i i t h  C o [ p u t e r  A p p I i . c a t j . o n s .  G l e n c o €  p r e s s ,  1 9 ? 3 .

In tended fo !  a  p te -ca lcuhs  cou lse ;  soDe pEogEaus in
BA s lc  inc luded.

Heru ts ,  G. ,  ! le t ren ta ly  S ta t i s+- ics .  fo ra  C i ty ,  Io ra :
neg io ra l  co [pu te !  ce t te ! ,  UDlve ls i ty  a f  Io ra .

t lu l t i l i thed  cou lse  no tes  aDd assgc la ted  so f t ra !e  fo !  a
co l lpu te ! -o r ien ted l  c  o  u rse .

H o d g e s ,  i I . L . ,  ( r e c h ,  D . .  a l l d  C r u t c h f i e l d ,  R . S . ,  s . A E ! . L q :  A !
&p i4 !a1  In t !oduc t iop  to  s ta t i s t i cs .  t ! cc rar -H i11 .  1975,
A ! f i r  8 3  ( 1 9 1 6 )  7 7 .

H u r s t .  8 . ,  S T A T P A C .  D e p a r t o e n t  o f  A p p l i e d  S t a t i s t i c s .  U t a h
S t a t e  U n i . v e r s i t v .

K i r c h .  A . .  I r t l o d u c t i o n  t o
B  i D e h a l t  a D d  f i i n s t o n ,  1 9 7 3 .

T1 | is  tex t  i s  in tended foE a  pre-ca lcu lus  cou lse  and
ccnta ins  many {eL l  r { r i t ten  i l l us t ra t i ve  p rog lans  as  re l l
a s  a n  a p p e n d i r  o f  u s e f u l  s u b p l o g E a n s .  t l . l l t  8 1  ( 1 9 ? q )  3 1 8 .

Kirscherbau[l, J., S.Itr-&!.! | A co n euter -l lglLl4Cj!
Ins!E uct ion aL P ackaoe f,gl f !trodu ctorv g-!-g!is!igE.
Fu l l ,e r ton ,  ca l i .  fo rE ia :  DepaEtoe[ t  o f  psycho logy ,  fu l le r ton
Col le  ge .

Package is  in  a  s ta te  o f  deve lopoent .

K l e c k a ,  t l . R . ,  N i e ,  N . H . ,  a n d  H u I l ,  C . H . ,  S F S S  p r i o e r ,
l { c G : a n - H i l l ,  1 9 ? 5 .

T h i s  i s  a  g o o d  h a n d b o o k  ! o r  c o u l s e s  u s i n g  S p S S .  S e e  a l s o
N i e ,  e t  a L " ,  b e I o r .

K o h ,  Y . 0 . .  T U I S T A I - I I .  0 n i v e r s i t y  o f  N e v a d a  S y s t e !
Conpu t iDg  Ce l te ! .  ReDo  Neva  da .

Po ' re r f  u I  ana l  easy - to -use  packag€  o f  FASfC  p log raus  r i t h
exce lLen t  maoua l .  f o r  t he  soph is t i ca ted  use ! .  No  p !1o !
e x p e r i e n c e  u i t h  c o e p u t e r s  n e c e s s a r v .  \ o r  r e l l  s u j - i e d  t o
c lass room use .  bu t  a  v iab le  resea lch  tqo l  f o r  t h€  Derson
h a v i . D g  c o m p l e t e d  o D e  o r  [ o r e  s t a t i i t i : s  c o u f , s e s ,
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Kossack ,  C.T . ,  and Henschke,  C.  I .  .  I ! ! l ! !E !g !  ! .9
$-e!i_E!j-SS. anal Co nput e! I ro q!anri.nq. f l cldeD-DaY, 1 975.

ls  ao  in t roduc tory  s ta+- is t i cs  tex t  fo r  s tudents  o f  soc ia l
sc iences ,  th j -s  te r . t  inc ludes  th ree  cha l te is  on  fCRTRAI I
ana l  nuoe!ous  FORTIAN programs to  ca l ry  ou t  cooputa t iona l
Pr  ocedu!  es .

Lchnes,  P . ,  a rd  Coo ley ,  t l . ,  ry lg l l lg l igS !9  S ta t i s t i ca l
l lgE j luS:  l i i th  CooputeE ExeEc ises .  t l i l ey ,  1968.

lb is  tex t  i s  in teDi led  fo r  a  cou lse  io  aFp l ied  s ta t i s t i cs
fo r  undergraduate  and graduate  s tua le l ts  in  the  !€hav io ra l
sc iences  and educat i .on .  f t  coDta ins  [any  exerc ises  ana l
e igh teen usefu l  tORTRtrN progEatns .  JAS A 55  (1970)  997.

! , l i l t o D ,  R . C . ,  a n d l  N e l a l e r .  J . A . ,  ( e d i - t o E s )  ,  S t a t i s t l c a L
C o n p u t a t i o n .  A c a d e I i c  P r  e s s .  1 9 6 9 .

Proceed ings  o f  a  conference.  IDc lua les  t ro  papers  oD
t e a c h i n g  o f  s t a t l s t i c s  N i t h  c o o p u t e ! s ,  p l u s  s e v e r a l  o t h e !
p e l t i n e n t  p a p e r s .  l I [ 1  7 7  ( 1 9 ? 0 )  9 0 8 .

N i e ,  N . H . ,  E e n t ,  D , H . ,  a n d  H u l l ,  C . H . ,  g B j l l 5 :  S t a t i s t i c a l
Packaoe G &LgL Sc j -e r lces .  SecoDt l  ed . ,  Uccrar -H i11 ,  1975.

Th is  i s  a  EefereDce oa lua l  fo r  SPSS as  re l l  as  fo r  th€
s ta t i s t i ca l  techn iques  ava i lab le  r i . th  the  package.  A  !1
8 3  ( 1  9 7  6 )  ? 7 .

Novick, u.F.. gAr.CEB! E9-E!!!9.t-A€ElE!gq pata 3!j,Llsis. rhe
A[er ica !  co11e9€ les t ing  Progran,  Io r la  C i ty ,  Io ra .

Package is  !n  a  s ta t .€  o f  deve lcpoent .

F y a n .  n . .  a n d l  J c i n e E .  8 . ,  ! g ! ! g !  1 I .  U n i v e r s i t y  P a r k ,
Pennsy lvan ia .  S ta t i s t l cs  Depa! toeDt ,  Pennsy lvan ia  S ta te
U n i v e l s i t y .

As  a  package in tended fo r  p re-ca lcu lus  s ta t j , s t i cs
co t rses .  th i .s  sys te I  con ta ins  cgoputa t iona] . .  p lo t t ing ,
a n d  s i u u l a t i o o  r o u t i n e s  r i t h  e x t e n s i v e  e l r o !  c h e c k i ! 9  a t d
d iagnost ics i  i t  i s  ava i lab le  in  t ranspor tabLe fo r l l .

S c a l z o .  E . ,  a n d  H u g h e s .  R . ,  E L e o e n t a r v  c o o E u t e ! - A s s i s t € d
Sta t i  s t i cs .  Pe t r  oce l I j . /Char t  e r .  19?5 .

Th is  i s  an  e leoen ta !y  s ta t i . s t i cs  te r t  r i t h  acco | t t pany ihg
B A S I c  p r o g r a $ s  t o  a . c o o p l i s h  c o D p u t a t i o n a l  t a s k s .

S n e 1 1 .  J .  L .  ,  I n t r o d u c  L i o n  t o  P r o b a b i l i r y  T h e o E v  r i t h
c  c r p u  t i n s .  P r e 0 t i c e - H a 1 1 .  1 9 ? 5 .

th i s  i n t roAuc to ry  p robab i l i t y  t ex t  nak€s  use  o f  BASIC
prog rans  to  i - l l us t ra te  concep ts  by  s iou la t i oD .  l t l  €2
{ 1  9 7  5 )  1 0  3 1 .

S p i t z n a g e I ,  n . .  u n t i t l e d  t e r t ,  s u b r o u t i ' l e s ,  a D a l  a l a t a .
D€pa ! tnen t  o f  l r a thena t i cs ,  t t ash ing ton  un i ve rs i t y ,  S t .  Lou is ,
lt o.

CONDUIT  197?  S ta te  o f  t he  A l t  Repo l t s l l  ath en at i  cs
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CoND0IT  19 '7 -7  S ta te  o f  t he  A r t  Fepo l t s U ath €n at ics

s te r l i ng ,  T .D . ,  and  poL lack ,  S .v . ,  : . 4L9 -g_U-9 ! i 3A  ! -9 ,
s t a t i s t i c a f  D a t a  P r o c c s s i n q .  P r e n t i c e - H a l I ,  1 c 6 8 .

A  good  desc r ip t i - on  o f  t he  capab i l i t i es  c f  coDpu te rs  j . n
r e  l a t i c r  t o  s t a t r s t i c s .  U s e s  t h e  c o n p u t e !  f o r  d a t a
a n a l y s i s  a n d  g r a p h i c a l  d i s p l a y s .  S o n e H h a t  d a t e d  l i t h
r e  s p e c t  t c  h a r d r a r e  d e s c r i p t i o n .

T a n i s .  E . ,  L a b o r a ! o r v  l l a n u a . I  f o !  P r o b a b i . I i t v  a D d
S t a t i s t i c a l  i n f e r e p c e .  H o l l a n d ,  U i c b i g a ! .  D e p a r t h € n t  o f
I t a thena t i cs ,  t so  pe  C  o11e  9e .

T h i s  p a c k a g e  c o n s i s t s  o f  a  m a n u a l  o f  e x e r c i s e s  a h a l
s o f t v a r e  f c r  p l o t t i n g  a n a l  s i m u l a t i o n .

: u c k e r ,  4 . 8 . ,  E A S Y S : A T .  A c a d e m j . c  C o m p u t e r  C e n t e r ,
c e o r q e t o q n  U n i v e ! s i t y ,  H a s h i n g t o n .  D .  C .

l l e e a l ,  H . .  D e s c ! i p t i v e  S t a t i s t i c s .  P E o j e c t  C O t t P U I e ,  1 9 7 3 ,
From a  COEPIJTe  abs t !ac t :  Th i - . s  un i t  supF leDe !1 !s  s tu t l en t
t e x t b o o k s  o n  e l e m e n t a r y  s t a t i s t i c s  a n d  F r o b a b i l i t y ,
d i s c u s s e s  m e t h o a l s  a n d  t h e r r  i n t e l l i g e D t  u s e s ,  a n d
i n t r o a l u c e s  s t a t i s t i c a l  c a l c u l a t i o n s  u s i n q  t h e  c o D D u t e ! -

] , INEAR A  LG EBRA

F r a l e i g h .  J . 8 . , 4  P r o q r a m o i n q  C o n p u t e r  S u p p l e o e n t  & E
B€aureqacal g_!-g El4Lg!-S!.: !  First Course in Lipear Aloebra.
D e p a E t o e n t  o f  t l a t h e o a r i c s ,  U n i v e ! s t t y  o f ' R h o d e  I s f a ' l d ,  1 9 7 3 .

T h i s  p a c k a q e  c o n s i s r s  o f  ' 1  1  p r o j e c t s  v h i c h  p a r a l l e l  t t e
a l e v e l o p n e r , t  o f  t o p i c s  i n  t h e  B e a u r e g a r d - ! ! a l e i g h  t € r t ,  t o
b e  d o n e  i n  p a r + -  r i t h  B A s I c  p r o g r a o s  p r o v i d e d .  a n d  i n  p a r t
{ i t h  s t u d e ! t - e r i t t € n  p ! o g r a m s .  T h e  F a c k a g e  i s  u s a b l e  t o
s u E p l e F e n t  o t h e i  1 j - n e a  !  a l g e b r a  t e x t s  a s  r e L l .  l s € €  n € r t
l i s t  i ng  a l so  )

F r a L e ! g h ,  J . 8 . ,  4  5 _ h _ q 4  C o m p u t s r  S u p p l e n e n t  t o  B e a u r e o a ! d
a n i l  F r a l e i q h :  A  F i . r s t  C o u r s e  i o  L i D e a !  A l q e b r a .  D e p a r t n e n t
i?-ufTlEil'ifc s. 

- 
uifGrllfl-Z t16i?Eil-i7l-l-9r4.

A  s e c o n a l  s u p p L e n e n t  t o  t h e  B e a u r e q a r d - f r a l e i g h  t € x t  u s j . n 9
t h e  s u p p l i . e d  B A S I C  p r o g r a h s  o n l y  f o !  t | , c s e  i n s t ! u c t o ! s

h ^ r  l L , r ni , r  u  P ! c - q r

G o u l t ,  n .  J . ,  e r  a I .  ,  C o u r p u t a t i o n a l  f l e t h o o E  i r .  L i n e a !
A l q e b r a .  H a l s r e d  D ! F s s ,  1 9 1 h .  A t t l  B 3  ( 1 9 7 6 )  7 4 .

Ko lnan .  8 . ,  l n t r r t f  , i ! t  q l t a  l , Lpea r  L lg ! ,  , e  e . : . - i  t  t  p ! l i aa t l opE^
a c e i I l a n , ' ! 9 7 6 .

F r c n  a n  a d d  i n  A l { { 4 :  i i T h e  u s e  c f  c c L ! , p , r t e r €  i n  I i n e a x
a l g e b r a  i s  b r i e f l y  e x p L o r e C  i !  t h € i  A p L e ! c i x ,  r i l c h
i n c l u d e s  5 I  c J n r  r : € r  p ! o j e c l s  c f  " .  r !  I  r  -  - . t  l e l s  c f
d :  f f  i c u l t y .  c : r n p . - - s  ) n  A l t  p l  , . r 9  . ] r s : c .
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c c N D U l T  1 9 ? 7  S t a t e  o f  t h e  A r t  R e p o r t s ua theDa t i cs

r.rcLaughlin, D.E.. A g.9Afg!91 olierted @, iJ Eg9ef
A l c e b r a .  C 0 N  D U  l T ,  1 9 ? 4 .

ih id  oackaqe cons is ts  o f  a  tex tbook  aDd FoRTRAN
s u b r o u t i n e ;  f o r  r e d u c t i o n  t o  e c h e l o n  f c ! 8 .  G r a n - s c h r i d t
p rccess .  charac ter j -s t i c  po ly lon la l '  and  s ioP lex
a lgo ! ! thn .  I t  uses  conput i - r lg  to  i l l us t la te  tbeory  a !d  to
ehpbas ize  the  a lgor i thmic  !a tu re  o f  l inear  a lge t la '
! xe lc ises  ask  s tudeDts  to  r r i te  s ioP le  P lograns 'us ing  the
su Fp l i  ed  sub Eout ines .

Ste inbeEg,  D. I . ,  QE! .S3! !@. ]  ua t r j . x  a loeb!a .  ucGras-H i '11 .
1911r .  AUt  81  ( ' , l97r { }  926.

s t e o b e r g ,  9 1 . ,  a r d  D u c h a r n e '  R . G . ,  C o n p u t e !  o l i e n t e a l  i , i n e a r
A l q e b r a .  C R f C f  S A I t .

3ome use !epor tea l  by  cCNDUIT surveY respona ien ts .  0n€
1 i  s r e d  D u f , l  i  s h e r  a s  H o l t - R i . n e h a r t - $ i n s t o D .  D e s c r i b e d  i 1 1
pa  pe r  con t ! i bu ted  to  1973  t ' l i s sou la  con fe reoce ;  s€€
A b s t r a c t  1 0 6 - 9 8 - 2 ,  N A r l s  2 0  ( 1 9 ? 3 ) ,  p .  1 - 5 4 6 '

f i i l I l a m s ,  G . ,  c o m o u t a t i o n a l  L  j , n e a r  A l q e b ! a  H i t h  u o d e l s .
A  l 1 y n  a n d  B a c o D ,  1 9 ? 5 .

i h i s  t ex t  cove rs  s tandard  top i cs  P lus  nuner i ca l  ne tbod ls
{ i t h  a n  u n u s u a f l y  b ! o a d  a r r a y  o f  a P P l i c a t i o n s .  I t
c o n s i s t s  o f  a b o u t  2 0  B A S I C  P r o g r a m s  a n d  a c c o n p a n y i n g
co&pu te r  e re !c i ses  a re  p rov ided  iD  an  ApFenA ix .  A  14 l ' l  82
( 1  9 ? 5 )  5 q  3 .

D ITF 'RENTIA I .  EOOATIONS

Be1 lman ,  R . ,  an t l  cooke ,  K .L . ,  l l g l s , l g  E leueDta !v  D i f  f e !eD t la l

! .S .S49 ! -C .  Second  Ed .  Add ison - f i es1ey ,  1971 .  Au t l  76  (1969)
1 0 2 - 1 0 3  a n d  7 9  { 1  9 ' 7 2 }  5 4 4 .

B raun ,  l t . .  D i f f e ren t i a t  ! oua t j . ons  E -O4 .  $ .C i -E  ADDl i ca l i oDs .
s p r i r g e ! - v e ! 1 a g  '  1  9 ? 5 .

T h i s  m o d e r n ,  c o n p l e t e  t e x t  i n  0 D E r s  P r e s e n t s  n a n l
i n t e r e s t i n g  a P p l i c a t i o n s .  F o n T R A N  a n d  A P L  P r o g r a m s
i l l u s t r a t e  n u n e r i c a l  s o l u t i o n s .  A n  a p p e n d i x  g i v e s  a
b r i e f  i n t r o d u c t j , c n  t o  A P L .  A t ' l  ! ' l  8 2  ( 1 9 ? 5 )  1 0 2 9 .

Der r i ck ,  H . r . .  and  G !ossoan '  S .  I .  ,  E tgJCg !3LJ ,  D i fEe reDt ia l
E s u a t i o n s ,  S e c o o d  E d .  A d d i s o o - l e s l e y '  1 9 7 1 .  A I ' ! l l  ? 5  ( 1 9 6 9 )
i i ' j : ir:--En a 1s (s12\ 54t! " 
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H u l 1 . . T . E . ,  N g n e r i c a l  I n t e q r a t i o n  o f  O r a l j - n a ! v  D i f f € ! e n t i a L
E q u a t  i o n s .  ! A - C U P  ,  1 9 6 6 .

.  B r i e f  s u p p l e n e o t  f o r  a n  O D E  c o u ! s e .  A I , { l t  7 5  ( 1 9 6 8 }  b 9 9 .

q c L a u  q h  I i  n  ,  D .  8 . ,  N u o e r i c a l :ltL+t4liAlt!! 9+ gllt+.Ugf_:
u + r l e r e n t + e f ,  E q u a t i o n s .  R  e g i o n a l  c o b p u t e r  c e n t e E .  u n i v e r s i t y
o f  I o r a ,  1 9 ? 3 .

these  rnu l t i l i t hea l  cou rse  no tes  a !e  i n tended  as  a
so i rpu te r -o r i en ted  supp lenen t  t o  a  s tandar i l  d i f f e ren t i a l
e q  u a t i o n s  c o u r s e .

Z i e b u r ,  A .  D .  .  T o p i c S  i n  D i f f e r e n t i _ a 1  ! q u a t i o n s .  D i c k € n s o D ,
1 9 7 0 .
th i s  i l ocunen t  cove rs  the  s tandard  top i cs  iD  o rd ina ry
d i f f e r e r l t i a l  e q u a r " i o n s ;  t h e  c o D p u t e r  i s  u s e d  a s  a  t o o l  t o
t e a c h  t h e o r y .  I  l f l l  7 9  ( 1 9 7 2 )  1 t q 8 - 1 1 q 9 :  Z e n t r a l b a t t  f u r
t l a t h e m a t i k  2  8 B  ( 1 9 ? 2 )  1 5 8 ,  r e v i e v  n o .  3 4 0 0 2 .

CONDUTT 1977  S ta te  o f  t he  A r t  Repor t s

F l N  I T E  I ' I  A T H E N A I f  C  S

D o r n .  1 . S . ,  a n a i  u c c r a c k e n ,  D .  D .  ,  A p p l i e d  f i o i t e
a n d  C o o p u t i n a .  i t i l e y .  1 9 7 5 .

I n  t h i s  t e x t  c o m p u t e r  u s e  i s  f u l l y  j " D t e q r a t e d

M a t h € n a t l c s

l {  at ben atics

u  s r n g

t r i . I I i a m s , _ C . ,  F i p i t e  u a t h € m a t i c s  r i t h  u o d e l s .  A L l y n  a n d
B a c o n ,  1 9 7 6  ( t o  a p p  e a r  )

I  n tex  t .
Th is
T h e

A Cou tp  u te !  Ap  p ro  ach .

I l 1 i l  - 9 . I : : -A -9 . ' l u . ? .  r , ego !q !q ! v  anua f  f o r  Nuobe r  i heo rv .
P  r o l e c t  C O I ' r P l J T e .  D a ! t e o u t h .  1 9 ? 5 .

F r  o m  a  C O t { P U T e  a b s t r a c t :  T n t e n d e d  t o  s u p D l e o e n t  a  t € x t
i n  n u o b e r - t h e o ! y , .  a r r i j n g e a l  b y  t o p i c .  r o i - e a c h  t c l r c ,
l n c t u o e s  d e s c r l p t i o n  o !  c o n c e p t s ;  e 4 , e r i o e n r s  f o r  h € f o r e ,
a t u r i D g ,  a n d  a f t e E  s t u d y  o f  t o p j . c i  r e i e r e n c e s .
t n s t r u c t o r : r s  o a n u a l ,  a p p r o r i n a t e : I y  q 0  p r o g r a e s  i n  E A S I C .

I , I B E  i i A ] ,  A F T S  I , I I T I I I I I A T I C S

D 9 ! 1 , _ 1 : S . ,  a n d  6 r e e n D c r a ,  H . J . ,  l , { e ! } e r a r i ( _ g  a o d  c c ! p u r r n q :
s i t h  F O R T R A N  P r o q I 3 4 ! ! n q ,  f l r , e y ,  r y o , .

I n t e n d e d  f o r  a  p E ! - c a l c u l u s ,  l i b e r a t  a r t s ,  o r  t € a c h € r
e a l u c a t i o !  c o u ! s e .  C o v e r s  + - o p i c s  j . n  c a 1 c u 1 u s ,  f i n i t e
[a thenat j . cs .  l ineax  a ]_geb l :a ,  log ic  ano probab i l i t y .  A l , I , t
? 5  ( 1 9 6 8 1  1 0 3 -

N U | 1 B  E R  l H E O R Y

A . t l . ,  E l e p e n t a r v  N u [ b e r  T h e o r y :
1 9 ' l  t t .
s o l j . d  t e x t  a p p L i e s  t h e  c o n p u t e !  i ! l  e x p e c t e d  r a y s .

p r o g r a m s  a t e  i n  F o R I R A N .  t u t  8 1  ( 1 9 7 q )  9 2 6 .
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c o N D U I f  1 9 ' 7 7  s t a t e  o f  t h e  A E t  R e p o l t s

SDi th ,  K .J . ,  The  EggE €  ode rn  l l a the ra t j , cs .  B rooks /co le ,
' 1 9 7 3 ,  s e c o n d  e d . .  1 9 ? 6 .

0se  l epo l ted  by  so re  l espoDd len ts  to  coNDg lT  su rvey .  . e Iu
8 1  ( 1 9 ? r i )

sY [rBo].rc roGIc

r roo ! ,  J ,  ,  ana l  Nerso ! .  J . ,  gEgL ! .  P ro  j ec t  co t tP0 te ,
D a r t E c u t h  c o 1 1 e g e ,  1 9 ? 5 .

th i s  package  cons i s t s  o f  an  i n te lac t i ve  EAs Ic  p rog ram aDa l
a  s tu i l en t / i ns t ruc to r  manua l .  f t  i s  i n te rded  to  teach  the
sk i I l s  needed  fo r  na tu ra l ,  de i l uc t i ve  a ie r i va t i ons  and  to
enhaDqe  s tua len ts r  ab i l l t y  t o  r r j . t e  a r ra l  recogD ize  $e lL -
fo rnea l  f o rDu las .  I t  uses  the  Gus tason -ULr i ch  sys t€6  o f
naturaL al e i lu ct io D.

P  RE-CAI ,  CULU 5  I ' tATHE! IAT ICS

Bulrores, T.C.. and 8ur!ores, S. K. . ! ] .99e43ry lg.!S!. i .9.8-g r
At LI-@.!i3b-E!g Approacb. Intext, '19?t.

F r o &  a n  a a l  i n  A i l t :  ' " t h e  a l g o r i t h h i c  a P P ! o a c h  r e f e r s
p r ina r i l y  t o  t he  use  o f  f l o { cha r t s  as  a  teacb ing - Iea rn ing
too l .  I t  does  no t  p !esuoe  any  knox l .edge  o f  conPu te rs  o r
p r o g r a h l l i n g .  n o r  d o e s  i t  l e q u i r e  a n y  c o n P u t e r
invo l veDen t r  a l t hough  f t oncha ! t i l l 9  exe rc i ses  a re  p rov i c led l
foE  those  Hho  des j . re  the ! ,  a !d  p rog ra l r s  t ha t  can  be  used
a s  c o [ p u t a t i o n a l  t o o l s  a r e  i n c l u d e d  i n  a n  a p F e n d i x . r l

Feng  a rd  S tenberg .  second  cou rse  i ! !  A loebEa  a t rd
T r i o o n o [ e t r v .  c e o r e !  f o r  R e s € a E c h  i h  c o l l e g e  I n s t r u c t i c n  o f
sc leDce  a  D i l  t l a themat i cs  ( cn fc I sA l ' { ) .

u s e  r e p o ! t e d  b y  s o u e  r e s P o n d e n t s  t o  c o N D U r T  s u ! v € y .

Higgi .ns,  G.4. ,  J r . .  fu  LLe.4.4.L Fungl ighs:  3g-  -
A1; ; r i thn ic  4 ! .S593Sj .  P !€ ! t i ce-HaI I .  19? i r .  A$ t t  81  (197q|
1 0 q .

iverson' (. E.. AlggEES: ln AlqorithDic .ES33g!,. Addison-
f l e s l e y '  l 9 ? 1 .  A I l l  8 1  ( 1 9 ? 4 )  4 2 0 .

!1a th e !at ic s

1 8 0


