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V

In t r o d u c t io n

,MC urricu lu m  ’6 8 ',  Recommendations f o r  Academic Programs 

in  Computer S c ie n c e , A R ep o rt o f  th e  ACM C u rricu lu m  Committee 

on Computer S c ie n c e "  [5 8 ]  has se rv e d  a  c r i t i c a l  r o l e  in  th e  

developm ent o f  com puter s c ie n c e  e d u c a tio n , e s t a b l i s h in g  th e  

f i e l d  a s  an  academ ic d i s c i p l i n e  and p ro v id in g  a  framework 

f o r  th e  d e s c r ip t i o n  o f  c o u rse s  and program s.

C u rre n t te x tb o o k s  in  com puter s c ie n c e  c o n ta in  s ta te m e n ts  

such a s :  " S p e c i f ic a l ly  th e  'C u rric u lu m  '6 8 T r e p o r t  o f  th e

ACM Committee e x p l i c i t l y  recommends c o u rse  B3, ’ In tr o d u c t io n  

to  D is c r e te  S t r u c t u r e s ’ w hich has s t r o n g ly  in f lu e n c e d  t h i s  

book n o t o n ly  in  t i t l e  b u t a l s o  in  s e l e c t i o n  o f t o p i c s " ! ,

" In  f a c t  th e  book c o v ers  a l l  th e  to p ic s  (and m ore) l i s t e d  

f o r  th e  c o u rse  15 (C om piler C o n s tru c t io n )  recommended by 

th e  ACM C u rricu lu m  Committee i n  th e  March 1968 is s u e  o f 

th e  Com m unications o f  th e  ACM"2 , and " th e  book i s  w r i t t e n  

to  fo llo w  th e  c o u rse  d e s c r ip t i o n  dev elo p ed  by th e  A ss o c ia tio n  

f o r  Computing M achinery (ACM), p u b lish e d  in  th e  March 1968 

is s u e  o f th e  Com m unications o f  th e  ACM"3 . In  a d d i t io n ,  

a t  l e a s t  one p u b l is h e r  h as  superim posed  h i s  t i t l e s  in  th e

1^ F ranco  P. P re p a ra ta  and Raymond T . Yeh, I n t r o d u c t io n  
t o  D is c r e te  S t r u c tu r e s  (A ddison-W esley , R ead in g , M a ssa c h u se tts , 
19 7 3 ), p . v .

2. David Gries, Compiler Construction for Digital Computers 
(John Wiley and Sons, New York7~197l77 p. vii.
3 . R ich ard  C. D o rf, I n t r o d u c t io n  t o  Computers and Computer 
S c ien ce  (Boyd and F ra s e r  P u b lis h in g , San F ra n c is c o , 197 2 ), 
pp . i x - x .
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p r e r e q u i s i t e  c h a r t  found in  "C urricu lum  ’68" to  e s t a b l i s h  

t o  th e  u s e r  where th e  t e x t s  f i t  i n to  th e  c u rr ic u lu m .^

R efe ren ces  t o  "C urricu lum  ’68” a re  n o t ,  how ever, l im ite d  

t o  p u b l i s h e r s . At a r e c e n t  n a t io n a l  m eeting  o f com puter 

professionals,5 in  announcing  f a c u l ty  o p en in g s , s e v e r a l  

i n s t i t u t i o n s  r e fe re n c e d  c o u rse s  to  be ta u g h t  by th e  co u rse  

numbers o f "C urricu lum  T6 8 " . The l i t e r a t u r e  o f com puter 

s c ie n c e  e d u c a tio n  a l s o  abounds w ith  r e f e re n c e s  t o  th e  r e p o r t  

such a s :  " th e  U nderg raduate  program  in c lu d e s  c o u rse s  ro u g h ly

e q u iv a le n t  t o  most c o u rse s  in  'C u rricu lu m  ’6 8 '" ^ ,  "Table 2 

shows a  com parison  o f th e  s u b je c t  a re a s  em phasized in  th e  ACM 

1968 Recommendations f o r  Academic Programs in  Computer 

S c ie n c e "7, and "The c o u rse s  B3, 16 , and 17 above have been 

rem ark ab ly  s t a b l e  perhaps b ecause  o f  th e  r e l a t i v e  d is ta n c e  

o f  t h e i r  c o n te n t from  th e  f r o n t i e r s  o f r e s e a r c h .  Perhaps 

some m inor changes m ight be c o n s id e re d : co u rse  B3 cou ld

in c lu d e  some m a te r ia l  on th e  f i r s t - o r d e r  p re d ic a te  c a lc u lu s  

r a t h e r  th a n  j u s t  th e  p r o p o s i t io n a l  c a lc u lu s ,  and c o u rse  17 

s t i l l  la c k s  a te x tb o o k  w hich i s  te a c h a b le  and has a  good 

b a lan c e  betw een i n t u i t i o n  and r i g o r .  N e v e r th e le s s ,  th e  1968

A~. See th e  1973-4 McGraw H i l l  c a ta lo g u e  o f  books in  com puter 
s c ie n c e .

5 . 1974 Computer S c ien ce  C o n fe ren ce , D e t r o i t ,  M ichigan, 
F eb ru ary  11 -1 4 , 1974.

6 . J .  T a r ta r  and J .  P . Penny, "U ndergraduate  E d u ca tio n  in  
Computing S c ien ce  -  Some Im m ediate P rob lem s", SIGCSE B u l l e t i n , 
4 ,  1 (March 1 9 7 2 ), 1 .

7 . George A. Mapp, "A P ro p o sa l f o r  a  B. S . in  In fo rm a tio n  
S ystem s", SIGCSE B u l l e t i n , 5, 1 (F eb ru ary  1973), 92.
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d e s c r ip t io n s  o f th e s e  c o u rse s  a r e  s t i l l  a  v e ry  good ap p ro x im a tio n  

to  c u r r e n t  c o u rse  o f f e r in g s  in  a  number o f  u n iv e r s i ty  and 

c o lle g e  d ep artm en ts  o f  com puter s c ie n c e " .8

In  t h i s  s tu d y , th e  developm ent o f "C urricu lum  ’68", 

th e  im pact o f th e  recom m endations, and su b seq u en t developm ents 

in  com puter s c ie n c e  e d u c a tio n  w i l l  be c o n s id e re d . From t h i s  

s tu d y  o f "C urricu lum  ’68" w ith  a  p e r s p e c t iv e  o f s ix  y e a rs  o f 

im p lem en ta tio n  and e x p e r ie n c e , a  sen se  o f why th e  recom m endations 

developed  a s  th e y  d id  w i l l  be d e te rm in e d , a s  w e l l  a s  an 

i d e n t i f i c a t i o n  o f th e  s t r e n g th s  and w eaknesses o f  th e  docum ent.

The s tu d y  w i l l  have two c o n t r ib u t io n s  to  th e  f i e l d  o f 

com puter s c ie n c e  e d u c a tio n ; th e  f i r s t  in  c u rr ic u lu m  developm en t, 

and th e  second in  c u rr ic u lu m  im p lem en ta tio n .

R egard ing  c u rr ic u lu m  dev e lo p m en t, "C urricu lum  ’68" 

in  i t s  p re s e n t  form  has been  a v a i l a b le  f o r  s ix  y e a r s . I t s  

o r ig in s  can  be t r a c e d  back  f u r t h e r .  For some tim e r e q u e s ts  

f o r  u p d a tes  and r e v is io n s  r e f l e c t i n g  changes in  te c h n o lo g y , 

and e x p e r ie n c e  in  o f f e r in g  i n s t r u c t i o n  in  com puter s c ie n c e  

have been made, b u t such r e v is io n s  have n o t come a b o u t on 

any m ajor s c a le .  S p e c if ic  r e q u e s ts  f o r  such u p d a te s  have 

come from  th e  IF IP  W orld C onference  on Computer E d u ca tio n  

1 9 7 0 ^ and th e  a t te n d e e s  o f  th e  ACM I n s t i t u t e  on Computer

W . P . C. F is c h e r ,  "Theory o f  Computing in  Computer S c ien ce  
E d u c a tio n " , P ro ceed in g s  o f  th e  AFIPS 1972 SJCC (AFIPS P r e s s ,  
M ontvale, New J e r s e y ,  1 9 7 2 ), 857.

9. R eported  by W. F. A tc h iso n  a t  C3S m eeting  1971 FJCC.
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Science Education.10 This study will isolate those areas 
in need of revision and updating, and thus serve as the 
groundwork necessary for the revision of "Curriculum ’68".

R egard ing  c u rr ic u lu m  im p le m e n ta tio n , th e  s tu d y  w i l l  

su p p ly  a  means o f  i n t e r p r e t a t i o n  o f "C urricu lum  ’6 8 " , a s  

w e l l  a s  a  so u rce  o f  a d d i t i o n a l  m a te r ia ls  r e g a rd in g  c u rr ic u lu m  

work and im p le m e n ta tio n . In  t h i s  way, th e  s tu d y  w i l l  be 

u s e f u l  to  th o s e  i n s t i t u t i o n s  w hich a r e  i n  th e  p ro c e ss  o f  

j u s t  b e g in n in g  program s in  com puter s c ie n c e ,  o r  a r e  a n t i c i ­

p a t in g  b e g in n in g  such p ro g ram s.

The s tu d y  u s e s  "C urricu lum  T68" a s  i t s  p rim ary  so u rce  

docum ent. The e a r l i e r  r e p o r t  o f  th e  ACM C u rricu lu m  Committee 

on Computer S c ien ce  C573 i s  a l s o  c o n s id e re d , a s  a r e  r e p o r t s  

r e l a t e d  to  th e  o th e r  c u rr ic u lu m  a c t i v i t i e s  w i th in  ACM. In  

a d d i t io n  th e  l i t e r a t u r e  o f  com puter s c ie n c e  e d u c a tio n  a p p e a r in g  

in  p r o f e s s io n a l  j o u r n a l s ,  c o n fe re n c e  p ro c e ed in g s  and in fo rm a l 

p u b l ic a t io n s  o f  s p e c i a l  i n t e r e s t  g roups a r e  c o n s id e re d .

M inutes o f  m eetin g s  o f  th e  ACM C u rricu lu m  Committee on 

Computer S c ien ce  su b seq u en t t o  th e  p u b l ic a t io n  o f  th e  r e p o r t  

and s e v e r a l  u n p u b lish e d  rev iew s o f  c u rr ic u lu m  im p lem en ta tio n s  

a r e  a l s o  re v ie w ed .

In  c h a p te r  1 th e  "C u rricu lum  r68" r e p o r t  i t s e l f  i s  

re v ie w e d . P rim ary  em phasis i s  p la c e d  on th e  d e s c r ip t i v e  

m a te r ia l  such a s  th e  s u b je c t  c l a s s i f i c a t i o n  and th e  program  

d e s c r i p t i o n .  C h ap te r 2 c o n s id e rs  rev iew s and c r i t i q u e s

10 . R ep o rted  a t  e v a lu a t io n  m eeting  o f  th e  I n s t i t u t e ,  A ugust 
1971.
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o f  th e  r e p o r t  w hich ap p ea red  im m ed ia te ly  fo llo w in g  i t s  

p u b l ic a t io n .  C h ap te r 3 c o n s id e rs  th e  r e l a t i o n s h i p  o f ’’C urricu lum  

*68” t o  th e  e a r l i e r  works o f  th e  ACM C urricu lu m  Committee on 

Computer S c ie n c e , and to  c u rr ic u lu m  work i n  com puting c a r r ie d  

on in  th e  same tim e p e rio d  by th e  COSINE Committee o f  th e  

Commission on E n g in ee rin g  E d u ca tio n  and th e  Committee on th e  

U n d erg raduate  Program in  ffo them atics o f  th e  M athem atical 

A s s o c ia t io n  o f A m erica.

W hile th e  f i r s t  th r e e  c h a p te rs  a r e  concerned  w ith  ’’C urricu lu m  

’68’’, th e  m a te r ia l  le a d in g  up to  i t ,  an d , work p a r a l l e l  t o  i t ,  

c h a p te rs  4 , 5, and 6 lo o k  a t  im p lem en ta tio n  and su b seq u en t 

w ork. In  c h a p te r  4 th e  r e l a t i o n s h ip  o f e x i s t i n g  program s to  

th e  recom m endations a r e  c o n s id e re d . Three s tu d ie s  in v o lv in g  

w hat i s  b e in g  o f f e r e d  in  com puter s c ie n c e  a s  w e l l  a s  th r e e  

r e p o r ts  on th e  r e a c t io n s  o f  g ra d u a te s  o f  such program s to  

th e  program s a re  re v ie w ed . In  c h a p te r  5 work in  s p e c i f i c  

c o u rs e s ,  b o th  th o s e  recommended in  ’’C u rricu lu m  ’68 ’’ and 

o th e r  c o u rse s  a r e  c o n s id e re d . In  c h a p te r  6 , su b seq u en t work 

o f th e  C urricu lu m  Committee on Computer S c ie n c e , i t s  su b ­

c o m m ittees , and o th e r  g roups in v o lv e d  in  c u rr ic u lu m  work 

in  com puter s c ie n c e  i s  p re s e n te d .

C h ap ter 7 , u t i l i z i n g  th e  in fo rm a tio n  o f th e  f i r s t  

s i x  c h a p te r s ,  sum m arizes and a s s e s s e s  th e  im pact o f  ’’C u rricu lu m  

’68” . S tre n g th s  and w eaknesses o f  th e  r e p o r t  a r e  in d ic a te d ;  

ways in  which su b seq u en t work m eets th e s e  w eaknesses i s  shown; 

and a p p ro p r ia te  a r e a s  f o r  f u tu r e  work in  c u rr ic u lu m  developm ent 

a r e  i d e n t i f i e d .
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C h ap te r 1 -  Overview o f  "C urricu lum  T68ff

1

T his  r e p o r t  c o n ta in s  recom m endations on academ ic 
program s in  com puter s c ie n c e  w hich w ere developed  by 
th e  ACM C u rricu lu m  Committee on Computer S c ie n c e . A 
c l a s s i f i c a t i o n  o f  th e  s u b je c t  a re a s  c o n ta in e d  in  com puter 
s c ie n c e  i s  p re se n te d  and tw en ty -tw o  c o u rse s  in  th e s e  
a re a s  a re  d e s c r ib e d .  P r e r e q u i s i t e s ,  c a ta lo g  d e s c r ip t i o n s ,  
d e ta i l e d  o u t l i n e s ,  and a n n o ta te d  b ib l io g r a p h ie s  f o r  
th e s e  c o u rse s  a r e  in c lu d e d . S p e c if ic  recom m endations 
w hich have ev o lved  from  th e  C om m ittee’ s 1965 P re lim in a ry  
Recommendations a r e  g iv en  f o r  u n d e rg ra d u a te  p rogram s. 
G raduate  program s in  com puter s c ie n c e  a re  d is c u s s e d  
and some recom m endations a re  p re se n te d  f o r  th e  developm ent 
o f  m a s te r 's  d eg ree  p rogram s. Ways o f  d e v e lo p in g  g u id e l in e s  
f o r  d o c to r a l  program s a re  d is c u s s e d ,  b u t no s p e c i f i c  
recom m endations a r e  made. The im p o rtan ce  o f s e r v ic e  
c o u rs e s ,  m inors and c o n tin u in g  e d u c a tio n  in  com puter 
s c ie n c e s  i s  em phasized . A t te n t io n  i s  g iv en  to  th e  o r g a n i­
z a t io n ,  s t a f f  re q u ire m e n ts , com puter r e s o u rc e s  and o th e r  
f a c i l i t i e s  needed to  im plem ent com puter s c ie n c e  e d u c a t io n a l  
p rog ram s. ^

T h is  a b s t r a c t s  "C urricu lum  ’68” [5 8 ] .  In  t h i s  s tu d y  

th e  im pact o f  t h i s  m ajor r e p o r t  o f  th e  C urricu lu m  Committee 

on Computer S c ien ce  (C^S) o f  th e  A s s o c ia t io n  f o r  Computing 

M achinery (ACM) w i l l  be c o n s id e re d  f o r  i t s  im pact on com puter 

s c ie n c e  e d u c a tio n . To do t h i s  th e  r e p o r t  i t s e l f  m ust be 

rev iew ed  and t h i s  w i l l  be done in  t h i s  c h a p te r .  W hile th e  

m ost a t t e n t i o n  has been  g iv e n  o v e r th e  y e a rs  o f  th e  l i f e  o f 

th e  r e p o r t ,  to  th e  c o u rse  d e s c r ip t i o n s  and p r e r e q u i s i t e  

s t r u c tu r e  o f  "C urricu lum  ’68", th e  r e p o r t  encom passes a g r e a t  

d e a l  m ore.

The m ajor s e c t io n s  o f  th e  r e p o r t  a r e  a s u b je c t  c l a s s i f i c a ­

t i o n  o f  com puter s c ie n c e ,  d e s c r ip t i o n  o f  c o u rs e s ,  u n d e rg ra d u a te

1 . C urricu lu m  Committee on Computer S c ie n c e , "C urricu lum  ’68, 
Recommendations f o r  Academic Program s in  Computer S c ie n c e " , 
Com m unications o f  th e  ACM 11, 3 (March 1 9 6 8 ), 151.
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program s, m a s te r ’s d e g re e  program s, d o c to r a l  p rogram s, s e r v ic e  

c o u r s e s ,  m inors and c o n tin u in g  e d u c a tio n , and im p lem en ta tio n . 

T h is i s  fo llo w ed  by th e  more d e t a i l e d  c o u rse  o u t l in e s  and 

b ib l io g r a p h ie s .  I t  must be o b serv ed  t h a t  th e  recom m endations 

a r e  l im i te d  in  scope and o b je c t iv e  and t h i s  i s  c l e a r l y  s ta t e d  

a t  th e  o u ts e t :

. .  . th e s e  recom m endations a r e  n o t d i r e c te d  to  th e  
t r a i n i n g  o f  com puter o p e r a to r s ,  c o d e r s ,  and o th e r  
s e r v ic e  p e rs o n n e l. T ra in in g  f o r  such  p o s i t io n s ,  a s  
w e l l  as  f o r  many programming p o s i t io n s ,  can  p ro b ab ly  
be s u p p lie d  b e s t  by a p p lie d  te ch n o lo g y  p rogram s, v o c a t io n a l  
i n s t i t u t e s ,  o r  ju n io r  c o l l e g e s .  I t  i s  a l s o  l i k e l y  
t h a t  th e  m a jo r i ty  o f  a p p l i c a t io n  programmers i n  such 
a r e a s  a s  b u s in e s s  d a ta  p ro c e s s in g , s c i e n t i f i c  r e s e a r c h ,  
and e n g in e e r in g  a n a ly s is  w i l l  c o n tin u e  to  be s p e c i a l i s t s  
e d u ca te d  in  th e  r e l a t e d  s u b je c t  m a tte r  a r e a s ,  a lth o u g h  
such  s tu d e n ts  can  u n d o u b ted ly  p r o f i t  by ta k in g  a number 
o f  com puter s c ie n c e  c o u r s e s .2

The j u s t i f i c a t i o n  f o r  th e  e x is te n c e  o f  com puter s c ie n c e  

a s  an  academ ic d i s c i p l i n e  was co v ered  in  th e  e a r l i e r  r e p o r ts  

o f  C3S C 57 3. "C urricu lum  ’68" does n o t a t te m p t to  r e p e a t  

t h i s ,  b u t r a t h e r  d e f in e s  com puter s c ie n c e  in  te rm s o f  th re e  

m ajor s u b je c t  a r e a s :

S u b je c t A reas o f  Computer S c ie n c e ^
I .  In fo rm a tio n  S t r u c tu r e s  and P ro cesse s

1 ) D ata S t r u c tu r e s
2 ) Programming Languages
3) Models o f  C om putation

I I .  In fo rm a tio n  P ro c e ss in g  System s
1) Computer D esign  and O rg a n iz a tio n
2) T r a n s la to r s  and I n t e r p r e t e r s
3) Computer and O p e ra tin g  System s
4 ) S p e c ia l  Purpose System s

I I I .  M ethodolog ies
1) N um erical M athem atics

2 . I b i d . ,  154.

3 . I b i d . ,  154-155.
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2) D ata P ro ce ss in g  and F i le  Management
3) Symbol M an ip u la tio n
4) Text P ro ce ss in g
5) Computer G raphics
6) S im u la tio n
7) In fo rm a tio n  R e t r ie v a l
8) A r t i f i c i a l  I n te l l ig e n c e
9) P ro cess  C o n tro l

10) I n s t r u c t io n a l  Systems

I t  i s  f u r th e r  no ted  t h a t  th e re  a re  a number o f  r e l a t e d  a re a s  

e s s e n t i a l  to  a b a lan ced  com puter sc ie n c e  program . Work in  

th e  s p e c i f i c  a re a s  o f "m ath em atica l s c ie n c e s "  and " p h y s ic a l 

and e n g in e e r in g  s c ie n c e s "  w arren ted  in c lu s io n  w ith in  th e  

c l a s s i f i c a t i o n :

IV . M ath em atica l S c ien ces
1 E lem entary  A n a ly s is
2 L in e a r  A lgebra
3 D i f f e r e n t i a l  E q u a tio n s
4 A lg e b ra ic  S tr u c tu re s
5 T h e o re t ic a l  N um erical A n a ly s is
6 Methods of A pplied  M athem atics
7 O p tim iza tio n  Theory
8 C o m b in a to ria l M athem atics
9 M athem atical Logic

10 Number Theory
11 P r o b a b i l i ty  and S t a t i s t i c s
12 O p era tio n s  A n a ly s is

P h y s ic a l and E n g in ee rin g  S c ien ces
1 G en era l P h ysics
2 B asic  E le c tro n ic s
3 C i r c u i t  A n a ly sis  and D esign
4 Thermodynamics and S t a t i s t i c a l  M echanics
5 F ie ld  Theory
6 D i g i t a l  and P u lse  C ir c u i t s
7 Coding and In fo rm a tio n  Theory
8 Communication and C o n tro l Theory
9 Quantum M echanics

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  C^S d id  n o t c o n s id e r  m a te r ia l  

d e a l in g  w ith  th in g s  l ik e  s o c io lo g ic a l ,  econom ic, and e d u c a tio n a l  

im p lic a t io n s  o f  developm ents o f  com puter s c ie n c e ,  f e e l in g  t h a t  

th e se  a re a s  were more w ith in  th e  rea lm  o f i n t e r e s t s  o f  ph ilo so p h y
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work in  c o o p e ra tio n  w ith  com puter s c i e n t i s t s .

To meet th e  e d u c a t io n a l  needs o f  com puter s c ie n c e

tw en ty -tw o  c o u rse s  a r e  s p e c i f i e d ,  each  c a r ry in g  th r e e  sem e s te r

h o u rs  c r e d i t .  These c o u rse s  a re  d iv id e d  in to  b a s ic  (fresh m an -

sophomore l e v e l ) ,  in te rm e d ia te  ( j u n i o r - s e n io r  o r  b e g in n in g

g ra d u a te  l e v e l ) ,  and advanced:

The C ourses o f  "C urricu lum  '68  "4 
B asic  C ourses

B l) I n t r o d u c t io n  to  Computing 
B2) Com puters and Programming 
B3) I n t r o d u c t io n  t o  D is c r e te  S t r u c tu r e s  
B4) N um erical C a lcu lu s

In te rm e d ia te  C ourses
11) D ata S t r u c tu r e s
12) Programming Languages
13) Computer O rg a n iz a tio n
14) System s Programming
15) C om piler C o n s tru c tio n
16) S w itc h in g  Theory
17) S e q u e n t ia l  M achines
18) N um erical A n a ly s is  I
19) N um erical A n a ly s is  I I  

Advanced C ourses
A l) Form al Languages and S y n ta c t ic  A n a ly s is  
A2) Advanced Computer O rg a n iz a tio n  
A3) A nalog and H ybrid Computing 
A4) System  S im u la tio n
A5) In fo rm a tio n  O rg a n iz a tio n  and R e t r ie v a l
A6) Computer G raphics
A7) Theory o f  C o m p u ta b ility
A8) L a rg e -S ca le  In fo rm a tio n  P ro c e s s in g  System s
A9) A r t i f i c i a l  I n te l l i g e n c e  and H e u r is t ic

Programming

I n  te rm s o f  th e  s u b je c t  m a tte r  c l a s s i f i c a t i o n  c i t e d  

above, th e  c o u rse s  can be l i s t e d  by c a te g o ry  a s  fo l lo w s , 

re c o g n iz in g , o f  c o u rs e , t h a t  some o f  th e  c o u rse s  c ro s s

4 .  I b i d . ,  156 -160 .
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c l a s s i f i c a t i o n  b o u n d a rie s :

In fo rm a tio n  S t r u c tu r e s  and P ro ce sse s  
B l)  In tr o d u c t io n  to  Computing 
B2) Computers and Programming 
B3) In tr o d u c t io n  to  D is c r e te  S t r u c tu r e s
11) D ata S tr u c tu r e s
12) Programming Languages
16) S w itch in g  Theory
17) S e q u e n tia l  M achines
A l) Form al Languages and S y n ta c t ic  A n a ly s is  
A7) Theory o f  C o m p u ta b ility  

In fo rm a tio n  P ro c e s s in g  System s
13) Computer O rg a n iz a tio n
14) System s Programming
15) Com piler C o n s tru c tio n
A2) Advanced Computer O rg a n iz a tio n  
A3) Analog and Hybrid Computing 

M ethodologies
B4) N um erical C a lcu lu s
18) N um erical A n a ly s is  I
19) N um erical A n a ly s is  I I  
A4) System  S im u la tio n
A5) In fo rm a tio n  O rg a n iz a tio n  and R e t r ie v a l  
A6) Computer G raph ics
A8) L a rg e -S ca le  In fo rm a tio n  P ro c e s s in g  System s 
A9) A r t i f i c i a l  I n t e l l ig e n c e  and H e u r is t ic  

Programming

The s p e c ia l  p la ce  o f m athem atics i s  re c o g n iz e d , w ith  

r e f e re n c e  s p e c i f i c a l l y  to  th e  r e p o r t s  o f  th e  Committee on 

th e  U n d erg raduate  Program in  M athem atics (CUPM) A G en era l 

C urricu lu m  in  M athem atics f o r  C o lle g e s  [4 0 ] , Recommendations 

on th e  U nderg raduate  M athem atics Program f o r  E n g in ee rs  and 

P h y s ic is t s  [4 2 ] ,  and A C urricu lum  in  A pp lied  M athem atics [4 1 ] .  

A p a r a l l e l  s t r u c tu r e  in  m athem atics w i th in  th e  s t r u c tu r e  o f 

p r e r e q u i s i t e s  f o r  com puter s c ie n c e  i s  g iv en  in  th e  r e p o r t .

A d e ta i l e d  p r e r e q u i s i t e  s t r u c tu r e  i s  g iv e n , how ever, 

i t  i s  no ted  t h a t  o th e r  s t r u c tu r e s  a re  p o s s ib le ,  and t h a t  

th e  g iv e n  s t r u c tu r e  w i l l  l i k e l y  change a s  th e  f i e l d  a d v an ces . 

In  th e  c ase  o f  th e  advanced c o u rs e s ,  th e  s t r u c tu r e  i s
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e s p e c i a l l y  open to  m o d if ic a t io n  based on th e  o r i e n t a t i o n  

o f th e  program .

W ith in  th e  s t r u c t u r e ,  o f  p a r t i c u l a r  i n t e r e s t ,  i s  th e

c o l l e c t i o n  o f  com puter s c ie n c e  and m athem atics c o u rse s  t h a t

a re  c o n s id e re d  th e  "co re"  o f  com puter s c ie n c e :

Core o f Computer S c ie n c e 5 
Computer S c ien ce  C ourses

B l) I n t r o d u c t io n  to  Computing 
B2) Computers and Programming 
B3) In t r o d u c t io n  to  D is c r e te  S t r u c tu r e s  
B4) N um erical C a lcu lu s
11) D ata S t r u c tu r e s
12) Programming Languages
13) Computer O rg a n iz a tio n
14) System s Programming 

M athem atics C ourses (R eferenced  t o  CUPM)
Ml) In tro d u c to ry  C a lcu lu s  
M2) M ath em atica l A n a ly s is  I  
M3) L in ea r A lgebra 

M2P) P r o b a b i l i ty

W ith th e  c o re  s p e c i f ie d ,  th e  r e p o r t  tu r n s  to  th e  d e f i n i t i o n  

o f an  u n d e rg ra d u a te  program  in  com puter s c ie n c e . In  th e  

s p e c i f i c a t i o n  o f th e  program , w hich C^S f e l t  h e lp ed  mark 

com puter s c ie n c e  a s  an e s ta b l i s h e d  f i e l d  o f  s tu d y , e f f o r t s  

were made to  i n te g r a te  b a s ic  c o n c e p ts  o f  com puter s c ie n c e  

w ith  p r o f e s s io n a l  te c h n iq u e s .

The com m ittee observed  t h a t  p r o f e s s io n a ls  were d iv id e d  

a s  to  w h e th er o r  n o t u n d e rg ra d u a te  program s should  be s t a r t e d  

a t  th e  tim e o f  th e  w r i t in g  o f  th e  r e p o r t ,  and a lth o u g h  

recommending in  fa v o r  o f  such program , a w arn ing  was sounded 

a g a in s t  a llo w in g  th e  glam or o f th e  f i e l d  from  le a d in g  to  

th e  p rem atu re  e s ta b lis h m e n t o f  program s and th u s  lo w erin g

5. I b i d . ,  157 .
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o f  s ta n d a rd s .  The program  le a d in g  to  th e  u n d e rg ra d u a te  

d eg ree  was s ta t e d  in  te rm s o f  th e  v a r io u s  a s p e c ts  o f  p r o f e s s io n a l  

d ev elo p m en t; com puter s c ie n c e  c o u rse  w ork, programming 

e x p e r ie n c e , m athem atics  c o u rse  w ork, t e c h n ic a l  e l e c t i v e s ,  

and p o s s ib le  a r e a s  o f  s p e c i a l i z a t i o n .

The com puter s c ie n c e  c o u rse s  recommended f o r  th e  u n d e r­

g ra d u a te  program  w ere to  e s t a b l i s h  th e  groundw ork in  th e  

f i e l d .  These c o u rs e s ,  s e le c te d  from  th e  b a s ic  and in te rm e d ia te  

l i s t ,  c o n c e n tr a te  on th e  d iv i s io n s  o f  in fo rm a tio n  s t r u c tu r e s  

and p ro c e s s e s ,  and in fo rm a tio n  p ro c e s s in g  sy stem s:

The U n d erg rad u a te  Program^
The m ajor in  com puter s c ie n c e  shou ld  c o n s i s t  o f  

a t  l e a s t  30 se m e s te r  h o u rs  in c lu d in g  th e  c o u rs e s :
B1
B2
B3
B4
11
12
13
14

and a t
15
16
17
18 
19

I n t r o d u c t io n  to  Computing 
Com puters and Programming 
I n t r o d u c t io n  to  D is c r e te  S t r u c tu r e s  
N um erical C a lc u lu s  
D ata S t r u c tu r e s  
Programming Languages 
Computer O rg a n iz a tio n  
System s Programming 

l e a s t  two o f  th e  c o u rs e s :
C om piler C o n s tru c tio n  
S w itc h in g  Theory 
S e q u e n t ia l  M achines 
N um erical A n a ly s is  I  
N um erical A n a ly s is  I I

Programming e x p e r ie n c e  was n o t re g a rd ed  a s  th e  p rim ary  

o b je c t iv e  o f  th e  u n d e rg ra d u a te  program , how ever, i t  was 

a n t i c ip a t e d  t h a t  i t  would be an ach ievem en t o f  such a program , 

b o th  th ro u g h  c o u rse  w ork, and some form  o f ,,t r u e - t o - l i f e ,f 

programming w i th in  th e  program .

6 .  I b i d . ,  161.
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M athem atics was reg a rd ed  a s  e s s e n t i a l .  In  e f f e c t  a

s tro n g  m inor was recommended, s e le c te d  from  c o u rse s  from

th e  CUPM C u rricu lum  Recommendations [4 0 ] :

M athem atics Course f o r  th e  Computer S c ien ce  U nderg raduate  
Program?

The s u p p o r tin g  work i n  m athem atics should c o n s i s t  
o f  a t  l e a s t  18 h o u rs  in c lu d in g  th e  c o u rse s :

Ml) In tro d u c to ry  C a lcu lu s  
M2) M ath em atica l A n a ly s is  I  

M2P) P r o b a b i l i ty  
M3) L in e a r  A lgebra 

and a t  l e a s t  two o f  th e  c o u rs e s :
M4) M ath em atica l A n a ly s is  I I  
M5) Advanced M u lt iv a r ia te  C a lcu lu s  
M6) A lg e b ra ic  S t r u c tu r e s  
M7) P r o b a b i l i ty  and S t a t i s t i c s

S tu d e n ts  were encouraged  to  ta k e  t e c h n ic a l  e l e c t i v e s

in  com puter s c ie n c e  o r  r e l a t e d  f i e l d s .  I t  was su g g ested

t h a t  n o t more th a n  th re e  a d d i t io n a l  com puter s c ie n c e  c o u rse s

be ta k e n  to  avo id  problem s o f  o v e r s p e c ia l i z a t io n .  The use

of th e  te c h n ic a l  e l e c t i v e s  was c o n s id e re d  e s p e c ia l l y  v a lu a b le

when th e  c o u rse s  were combined w ith  th e  o p t io n a l  com puter

sc ie n c e  c o u rse s  and e l e c t i v e s  from  o u ts id e  a re a s  to  g iv e

d e g re e s  o f  s p e c i a l i z a t i o n  in  c e r t a i n  a r e a s  :

Examples o f  C ourse S e le c t io n  f o r  A reas o f  S p e c ia l iz a t io n ^  
A pplied  System s Programming 

O p tio n a l c o u rse s
15) C om piler C o n s tru c tio n
16) S w itch in g  Theory 

E le c t iv e s  from  c o u rse s
A2) Advanced Computer O rg a n iz a tio n  
A5) In fo rm a tio n  O rg a n iz a tio n  and R e t r ie v a l  
A6) Computer G raph ics 

E le c t iv e s  from  a re a s
IV .8) C o m b in a to ria l M athem atics

7 • I b i d . , 162.

8 . I b i d .
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IV .9) M athem atical Logic 
IV .11) P r o b a b i l i ty  and S t a t i s t i c s  
IV .12) O p era tio n s  A n a ly s is  

Computer O rg a n iz a tio n  and D esign 
O p tio n a l co u rse s

16) S w itch in g  Theory
17) S e q u e n tia l  M achines 

E le c t iv e s  from co u rse s
A2) Advanced Computer O rg a n iz a tio n  
A8) L a rg e -S ca le  In fo rm a tio n  P ro c e s s in g  System s 
A4) System  S im u la tio n  

E le c t iv e s  from  a re a s
IV .3) D i f f e r e n t i a l  E q u a tio n s  

V .2) B asic  E le c t r o n ic s  
V .6) D ig i t a l  and P u lse  C i r c u i t s  
V .7) Coding and In fo rm a tio n  Theory 

S c i e n t i f i c  A p p lic a t io n s  Programming 
O p tio n a l co u rse s

18) N um erical A n a ly s is  I
19) N um erical A n a ly s is  I I  

E le c t iv e s  from c o u rse s
A3) Analog and Hybrid Computing 
A4) System S im u la tio n
A5) In fo rm a tio n  O rg a n iz a tio n  and R e t r ie v a l  
A6) Computer G raphics 

E le c t iv e s  from  a re a s
IV .3 ) D i f f e r e n t i a l  E q u a tio n s  
IV .7) O p tim iza tio n  Theory 

V .4) Thermodynamics and S t a t i s t i c a l  M echanics 
V .5) F ie ld  Theory 

D ata P ro ce ss in g  A p p lic a t io n s  Programming 
O p tio n a l c o u rses

15) C om piler C o n s tru c tio n
16) S w itch in g  Theory 

E le c t iv e s  from c o u rse s
A4) System  S im u la tio n
A5) In fo rm a tio n  O rg a n iz a tio n  and R e t r ie v a l  
A8) L a rg e -S ca le  In fo rm a tio n  P ro c e s s in g  System s 

E le c t iv e s  from  a re a s
IV .7 )  O p tim iza tio n  Theory

IV .11) P r o b a b i l i ty  and S t a t i s t i c s
IV .12) O p e ra tio n  A n a ly s is

V .7) Coding and In fo rm a tio n  Theory

The d is c u s s io n  o f th e  u n d e rg ra d u a te  program  co n clu d es

w ith  a s e t  o f  sem es te r by sem e s te r  sequences o f  c o u rs e s ,

showing how w orkable program s can  be f i t  in to  a fo u r  y e a r

seq u en ce .
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The m a s te r ’s d eg ree  program  recommended by th e  com m ittee

c o n ta in s  th e  fo llo w in g  s ta te m e n t o f p u rpose :

The proposed program  embodies s u f f i c i e n t  f l e x i b i l i t y  
to  f u l f i l l  th e  re q u ire m e n t o f  e i t h e r  an  ’’academ ic" 
d eg ree  o b ta in e d  in  p re p a ra t io n  o f f u r t h e r  g ra d u a te  
s tu d y  o r  a te rm in a l  " p r o f e s s io n a l"  d e g re e . U n t i l  
c l e a r e r  s ta n d a rd s  b o th  f o r  com puter s c ie n c e  re s e a rc h  
and th e  com puting p ro fe s s io n  have em erged, i t  seems 
unw ise to  a tte m p t to  d i s t in g u i s h  more d e f i n i t e l y  betw een 
th e se  two a s p e c ts  o f th e  m a s te r ’s d eg ree  p ro g ram s.0

The program  d e s c r ip t io n  f i r s t  c o n s id e rs  th e  n e c e s sa ry

u n d e rg ra d u a te  background:

U nderg raduate  P r e p a ra t io n 10
The recommended p re p a ra t io n  f o r  g ra d u a te  s tu d y  

in  com puter s c ie n c e  c o n s i s t s  o f  th r e e  p a r t s  a s  l i s t e d  
below . The co u rse  work which would p ro v id e  t h i s  
background i s  in d ic a te d  in  p a re n th e s e s .

a .  Knowledge o f com puter s c ie n c e  in c lu d in g  
a lg o r i th m ic  p ro c e s s e s ,  program m ing, com puter 
o r g a n iz a t io n ,  d i s c r e t e  s t r u c tu r e s  and n u m erica l 
m athem atics (c o u rse s  B l, B2, B3, and B4 o r  1 8 ) .

b . Knowledge o f  m a th em atics , in c lu d in g  th e  
c a lc u lu s  and l i n e a r  a lg e b r a ,  and knowledge 
o f p r o b a b i l i ty  and s t a t i s t i c s ,  (c o u rse s  Ml,
M2, M3, M4, M2P, M7 o f  CUPM)

c .  A d d it io n a l  knowledge o f some f i e l d  such  as  
com puter s c ie n c e ,  m ath em atics , e l e c t r i c a l  
e n g in e e r in g , p h y s ic a l  s c ie n c e ,  b io lo g ic a l  
s c ie n c e ,  l i n g u i s t i c s ,  l i b r a r y  s c ie n c e ,  o r  
management sc ie n c e  which w i l l  c o n t r ib u te  to  
th e  s tu d e n t ’s g ra d u a te  s tu d y  i n  com puter 
s c ie n c e .  (F our a p p ro p r ia te  c o u rse s  on an 
in te rm e d ia te  l e v e l . )

The program  i s  d e sc r ib e d  in  g e n e ra l  te rm s :

The M a s te r 's  D egree Program11
The m a s te r ’s d eg ree  program  in  com puter s c ie n c e  

should  c o n s i s t  o f a t  l e a s t  n in e  c o u rs e s .  Norm ally 
a t  l e a s t  two c o u rs e s ,  each in  a d i f f e r e n t  s u b je c t

9. I b i d . ,  164.

10.  I b i d . ,  1 63 .
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a r e a , shou ld  be ta k en  from  each  o f  th e  fo llo w in g  
s u b je c t  d iv is io n s  o f  com puter s c ie n c e :
I .  In fo rm a tio n  S tr u c tu r e s  and P ro cesse s

I I .  In fo rm a tio n  P ro c e ss in g  Systems
I I I .  M ethodologies 

S u f f i c i e n t  o th e r  c o u rse s  in  com puter s c ie n c e  o r  r e la te d  
a re a s  should  be ta k e n  to  b r in g  th e  s tu d e n t  to  th e  f o r e ­
f r o n t  o f  some a re a  o f  com puter s c ie n c e .

The program  was th e n  to  have d e g re e s  o f bo th  b re a d th  and d e p th ;

th e  b re a d th  from  th e  re q u ire m e n t f o r  a t  l e a s t  two c o u rse s  in

each  o f  th e  th r e e  m ajor s u b je c t  d iv is io n s  o f com puter s c ie n c e , and 

th e  d e p th  from  th e  s e le c t io n  o f  co u rse s  to  b r in g  th e  s tu d e n t  to

th e  s t a t e  o f  th e  a r t  in  some a re a  o f  com puter s c ie n c e .  The

s p e c ia l  p la ce  o f m athem atics was no ted  h e re  a s  in  th e  u n d e r­

g ra d u a te  program  w ith  th e  recom m endation t h a t  th e  s tu d e n t  who 

does n o t have a " s t ro n g ” m ath em atica l background ta k e  a d d i t io n a l  

m athem atics c o u rse s  o r  com puter sc ie n c e  c o u rse s  w ith  a h ig h  

m a th em atica l c o n te n t .

The fo llo w in g  a re  exam ples showing how th e  req u irem en ts  

f o r  th e  program  can be p u lle d  to g e th e r  to  form  an a re a  o f 

s p e c i a l i z a t i o n .  The numbers h e re  r e f e r  to  s u b je c t  a r e a s :

P o s s ib le  a re a s  o f S p e c ia l iz a t io n  in  th e  M a s te r’ s Program 1  ̂
T h e o re t ic a l  Computer S cience

1 .1 D ata S tr u c tu r e s
1 .2 Programming Languages
1 .3 Models o f Com putation

I I I .  3 Symbol M an ip u la tio n
I I I .  8 A r t i f i c i a l  I n te l l ig e n c e

IV .8 C o m b in a to ria l A n a ly s is
IV .9 M athem atica l Logic
V.7 Coding and In fo rm a tio n  Theory

A pplied S oftw are
1 .1 D ata S tr u c tu r e s
1 .2 Programming Languages

I I . 1 Computer D esign  and O rg a n iz a tio n
I I . 2 T r a n s la to r s  and I n t e r p r e t e r s
I I . 3 Computer and O p e ra tin g  System s

12. I b i d . , 164.
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1 1 1 .3 ) Symbol M an ip u la tio n  
I I I . 6) S im u la tio n

IV .9) M ath em atica l Logic 
A pp lied  Hardware

1 .1 )  D ata S t r u c tu r e s  
1 .3 )  Model o f C om putation

1 1 .1) Computer D esign  and O rg a n iz a tio n
1 1 .3) Computer and O p e ra tin g  System s

1 1 1 .5) Computer G raphics 
IV .7) O p tim iz a tio n  Theory 
IV .9) M ath em atica l Logic

V .6) D i g i t a l  and P u lse  C ir c u i t s
V .7 ) Coding and In fo rm a tio n  Theory 

N um erical M athem atics
1 .1 )  D ata S t r u c tu r e s
1 .2 )  Programming Languages

1 1 .1) Computer D esign  and O rg a n iz a tio n
1 1 .3) Computer and O p e ra tin g  System s

1 1 1 .1 ) N um erical M athem atics
1 1 1 .6) S im u la tio n

I V .5) T h e o r e t ic a l  N um erical A n a ly s is  
IV .6) Methods o f  A pplied  M athem atics 
IV .9) O p tim iz a tio n  Theory 

In s tru m e n ta t io n
1 .1 )  D ata S t r u c tu r e s
1 .2 )  Programming Languages

1 1 .1 ) Computer D esign  and O rg a n iz a tio n
1 1 .4 ) S p e c ia l  Purpose System s

1 1 1 .6) S im u la tio n  
I I I . 9) P ro ce ss  C o n tro l

IV .6) Methods o f A pp lied  M athem atics 
IV .7 ) O p tim iz a tio n  Theory
V .8) Communication and C o n tro l Theory 

In fo rm a tio n  System s
1 .1 )  D ata S t r u c tu r e s
1 .2 )  Programming Languages

1 1 .1) Computer D esign  and O rg a n iz a tio n
I I . 3 ) Computer and O p e ra tin g  System s

1 1 1 .2 ) D ata P ro c e s s in g  and F i le  Management
1 1 1 .4 ) T ex t P ro c e ss in g
1 1 1 .7 ) In fo rm a tio n  R e t r ie v a l

IV .7 ) O p tim iz a tio n  Theory
IV .9) M ath em atica l Logic

Though a m a s te r 's  p r o je c t  o r  t h e s i s  was n o t s p e c i f ie d

a s  such  in  th e  r e p o r t ,  th e  recom m endation was g iv en  t h a t

some re q u ire m e n t be made to  in s u re  t h a t  th e  s tu d e n t  g a in s

e x p e r ie n c e  i n  com puter a p p l ic a t io n s  a t  th e  l e v e l  o f  a m ajor
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p r o je c t .

The d o c to r a l  program  i s  n o t s p e c i f ie d  in  any way in  

th e  r e p o r t .  The com m ittee d id  c o n s id e r  ways in  which g u id e l in e s  

cou ld  be d e v e lo p e d , and acknow ledged t h a t  many o f  th e  problem s 

o f d o c to r a l  program s w ere ad d re ssed  a t  th e  S tony  Brook 

C onference [7 4 ] .  A s e r i e s  o f  a r t i c l e s  on d o c to r a l  program s 

w ere , a t  th e  tim e , sch edu led  to  a p p e a r  in  th e  Communications 

o f  th e  ACM, w hich would d i s c u s s ,  in  d e p th , v a r io u s  a s p e c ts  

o f  such  program s. Among th e  to p ic s  to  be ad d re ssed  in  th e s e  

a r t i c l e s  w ere th e  fo l lo w in g :13

1) D e f in i t io n  o f  s u b je c t  a r e a s ,  p o s s ib ly  in  te rm s o f 
an a n n o ta te d  b ib l io g ra p h y .

2 ) P r e r e q u is i t e s  f o r  work in  th e  a re a  a t  th e  d o c to r a l  
l e v e l .

3 ) O u tlin e s  o f a p p ro p r ia te  g ra d u a te  c o u rse s  in  th e  a r e a .
' 4 )  Examples o f  q u e s tio n s  f o r  q u a l i f y in g  exams i n  th e  a r e a .

5) I n d ic a t io n  o f  s u i t a b le  t h e s i s  to p ic s  and p rom ising  
d i r e c t i o n s  f o r  r e s e a r c h .

6) E x te n t to  w hich s u b je c t  a r e a s  ought to  be re q u ire d  
o f  a l l  d o c to r a l  s tu d e n ts  in  com puter s c ie n c e .

The m a tte rs  o f  s e r v ic e  c o u r s e s ,  m ino rs, and c o n tin u in g  

e d u c a tio n  w hich a re  so  n e c e s sa ry  in  any f i e l d  a re  a d d re ssed  

in  th e  r e p o r t .  The need f o r  s e r v ic e  c o u rse s  i s  s p e l le d  o u t 

in  te rm s o f th e  recom m endations o f  th e  P ie rc e  Committee [1 5 0 ] . 

For th e  s tu d e n t ,  r e f e r r e d  to  in  th e  P ie rc e  R e p o r t, a s  b e in g  

in  th e  more q u a n t i t a t iv e  f i e l d s ,  c o u rse  B1 i s  recommended 

w ith  c o u rse  B2 o r B4 s e rv in g  a s  a second c o u rs e . I t  was 

a l s o  observed  t h a t  th e  i n t e r e s t e d  s tu d e n t  co u ld  e a s i l y  p ick  

a m inor o u t o f  th e  o th e r  c o u rse s  in  th e  recommended c u rr ic u lu m .

TT. I b i d . ,  1657
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A s l i g h t  re a lig n m e n t o f  c o u rse  B l, to  s t r e s s  a p p l ic a t io n s  

in  t e x t  p ro c e s s in g  and non-num eric  a r e a s  was recommended 

f o r  o th e r  s tu d e n t s .  I t  was observed  t h a t  c a re  should  be ta k e n  

in  th e  d e s ig n  o f  such a c o u rse  to  be su re  t h a t  a s tu d e n t  

co m p le tin g  i t  cou ld  ta k e  a d d i t i o n a l  w ork, l i k e  c o u rse s  B2 

and B3, i f  he so d e s i r e s .  I t  was a l s o  f e l t  d e s i r a b le  by 

th e  com m ittee t o  c o n s id e r  in t r o d u c in g  a su rv ey  c o u rse  w ith  

p rim ary  a t t e n t i o n  to  th e  im p l ic a t io n s  o f  com puter te c h n o lo g y , 

though such a c o u rse  i t s e l f  was n o t o u t l i n e d .

I t  was th e  b e l i e f  o f  th e  com m ittee t h a t  th e  s e r v ic e  

c o u rse  be o f f e r e d  by th e  com puter s c ie n c e  d e p a r tm e n t, how ever, 

i t  was s t r e s s e d  t h a t  th e  d ep a rtm en t m ust, a t  a l l  t im e s , be 

s e n s i t iv e  t o  th e  needs o f th e  v a r io u s  u s e r s .

The needs f o r  program s in  c o n tin u in g  e d u c a tio n  were 

a d d re ssed  i n  th e  r e p o r t ,  though  no f irm  recom m endations fo r  

c o u rse s  in  t h i s  a s p e c t  o f  com puter s c ie n c e  e d u c a tio n  were g iv en :

F in a l ly ,  th e  need f o r  c o n tin u in g  e d u c a tio n  in  
com puter s c ie n c e  must be re c o g n iz e d . Much o f th e  co u rse  
m a te r ia l  d is c u s s e d  in  t h i s  r e p o r t  d id  n o t e x i s t  10-15 
y e a rs  ago and p r a c t i c a l l y  none o f  t h i s  m a te r ia l  was 
a v a i l a b le  t o  s tu d e n ts  u n t i l  th e  l a s t  few y e a r s . Anyone 
who g r a d u a te d  from  c o l le g e  in  th e  e a r ly  1 9 6 0 's  and 
whose "m ajor" f i e l d  o f  s tu d y  i s  r e l a t e d  to  com puting 
i s  a l r e a d y  o u t - o f - d a te  u n le s s  he has made a de term ined  
e f f o r t  t o  c o n tin u e  h i s  e d u c a tio n . Those re s p o n s ib le  
f o r  academ ic program s in  com puter s c ie n c e  and th o se  
a g e n c ie s  which h e lp  to  d i r e c t  and su p p o rt c o n tin u in g  
e d u c a tio n  shou ld  be e s p e c i a l l y  a l e r t  to  th e s e  needs 
in  t h i s  u n u s u a lly  dynamic and im p o rta n t f i e l d . i4

The f i n a l  s e c t io n  o f  th e  r e p o r t  d e a ls  w ith  th e  problem s

o f im p lem en ta tio n  o f  com puter s c ie n c e  p rogram s. The com m ittee

1 4 • I b i d *> 1 6 6 .
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looked  f o r  d i f f u s io n  and chaos i f  com puter s c ie n c e  d ep a rtm en ts  

w ere n o t formed and in s te a d  c o u rs e s  in  com puting d eveloped  

a l l  o v e r th e  cam puses:

The o r g a n iz a t io n a l  problem s f o r  t h i s  new f i e l d  a r e  
s e r io u s  and t h e i r  s o lu t io n  w i l l  in e v i t a b ly  r e q u i r e  new 
b u d g e t commitments from  a u n i v e r s i t y .  However, f a i l u r e  
t o  come to  g r ip s  w ith  th e  problem  w i l l  p ro b a b ly  prove 
more c o s t l y  in  th e  lo n g  ru n : d u p l ic a te d  c o u rse s  and
program s o f d i lu te d  q u a l i ty  may r e s u l t ,  and a m ajor 
u p h e av a l may e v e n tu a l ly  be r e q u ir e d  f o r  r e o r g a n iz a t io n .15

P erhaps th e  most c r i t i c a l  o r g a n iz a t io n a l  problem  in  

th e  developm ent o f com puter s c ie n c e s  d e p a rtm en ts  was a c q u i s i t i o n  

o f  s t a f f .  The com m ittee re c o g n ize d  t h a t  i n i t i a l l y  peop le  

would come in to  th e  program s w ith  a v a r i e ty  o f  fo rm a l back­

grounds in  r e l a t e d  a re a s  l i k e  m athem atics o r  e l e c t r i c a l  e n g in e e r ­

in g ,  how ever, i t  was f e l t  e s s e n t i a l  t h a t  t h i s  f a c u l t y  c o n s id e r  

i t s e l f  composed o f  com puter s c i e n t i s t s .  W hile j o i n t  ap p o in tm en ts  

w ere f e l t  d e s i r a b le  i n  some c a s e s ,  i t  was c o n s id e re d  im p o rta n t 

t h a t  a  s u b s t a n t i a l  p a r t  o f  th e  f a c u l ty  be f u l l y  com m itted 

t o  com puter s c ie n c e .  I t  was ob serv ed  t h a t  a  c r i t i c a l  s i z e ,  

p ro b a b ly  5 f u l l  tim e  e q u iv a le n ts ,  i s  n e c e s s a ry  f o r  a re a so n a b le  

cov erag e  o f  th e  a r e a s  o f  com puter s c ie n c e .  I t  was a l s o  

o b serv ed  t h a t  due to  th e  la c k  o f  te a c h in g  m a te r i a l s ,  a ss ig n m en ts  

o f  th e  f a c u l ty  sho u ld  be such t h a t  tim e  i s  a v a i l a b le  f o r  

th e  f a c u l ty  to  d e v e lo p  te a c h in g  m a t e r i a l s .

The com m ittee c o n s id e re d  com puter s c ie n c e  a s  a la b o ra to ry  

s c ie n c e  a s  f a r  a s  p h y s ic a l  f a c i l i t i e s  a re  c o n ce rn ed , and 

recommended t h a t  f a c i l i t i e s  be a v a i l a b le  f o r  c a rd  p r e p a r a t io n ,

15 .  I b i d .
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s tu d y  o f  l i s t i n g s  and so o n . In  a d d i t io n  to  th e  u s u a l  l i b r a r y  

f a c i l i t i e s  needed f o r  a l l  d i s c i p l i n e s ,  i t  was observed  t h a t  

f a c i l i t i e s  f o r  h o ld in g  and u s in g  re s e a rc h  r e p o r t s ,  m anuals, 

and program s would be n e c e s sa ry . R eference  was a ls o  made 

to  com puting f a c i l i t i e s :

D egree program s r e q u ir e  r e g u la r  a cc e ss  to  a t  l e a s t  
a m edium -size com puter system  o f  s u f f i c i e n t  com plex ity  
in  c o n f ig u ra t io n  to  r e q u ir e  th e  u se  of an  o p e ra t in g  
sy stem . The t o t a l  c o s t  o f such  system s a re  a t  l e a s t  
$20 ,000 p e r m onth. In  term s o f  h o u rs  p e r  m onth, th e  
machine re q u ire m e n ts  o f  com puter s c ie n c e  deg ree  program s 
w i l l  v a ry  a cc o rd in g  t o  th e  number o f  s tu d e n ts  e n r o l le d ,  
th e  speed o f th e  com puter and th e  e f f i c i e n c y  o f  i t s  
s o f tw a re , and th e  p h ilo so p h y  o f  th e  i n s t r u c t o r s .  I t  
i s  e n t i r e l y  p o s s ib le  t h a t  an u n d e rg ra d u a te  deg ree  program  
m ight r e q u i r e  a s  much as  fo u r  h ou rs o f com puting 
on a m edium -sized com puter p e r day .-1-6

In  a d d i t io n  to  th e s e  c o n s id e r a t io n s ,  ad eq u a te  space and good

tu r n  around from  th e  com puter c e n te r  were s t r e s s e d .

I t  was observed  t h a t  th e  s tu d y  o f  system s programming

would r e q u i r e  s p e c ia l  f a c i l i t i e s  and p o s s ib ly  s e p a ra te

equ ipm en t. In  advanced program s, a d d i t io n a l  equipm ent was

a l s o  a n t ic ip a te d  f o r  such th in g s  a s  g ra p h ic s ,  num eric c o n t r o l

o f  m achines, p ro c e ss  c o n t r o l ,  s im u la t io n , in fo rm a tio n  r e t r i e v a l

and c o m p u te r -a s s is te d  i n s t r u c t i o n .

The e x is te n c e  o f  a s t ro n g  com puter sc ie n c e  program  on

campus, should  enhance th e  program s and a c t i v i t i e s  o f th e

com puter c e n te r ,  even though th e  two a re  s e p a ra te  e n t i t i e s .

The r e p o r t  does s t r e s s  t h a t  th e s e  a c t i v i t i e s  should  be c lo s e ly

a s s o c ia te d :

1 6 . I b i d . ,  1677
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I t  should  be r e a l i z e d ,  how ever, t h a t  th e  b a s ic  
p h ilo s o p h ie s  o f  p ro v id in g  s e r v ic e s  and p u rs in g  academ ic 
ends d i f f e r  to  such an  e x te n t  t h a t  c o n f l i c t s  f o r  a t t e n t i o n  
may o c c u r . A t one ex trem e , th e  r e s e a rc h  o f  a com puter 
sc ie n c e  f a c u l ty  may so dom inate  th e  a c t i v i t i e s  o f  th e  
com puter c e n te r  t h a t  i t s  s e r v ic e  t o  th e  academ ic community 
d e t e r i o r a t e s .  A t th e  o th e r  ex trem e , th e  r o u t in e  s e rv ic e  
demands o f a com puter c e n te r  may i n h i b i t  th e  f a c u l t y 's  
a b i l i t y  to  do t h e i r  own r e s e a r c h ,  o r  th e  s e r v ic e  o r i e n t a t i o n  
o f a  c e n te r  may cause  th e  e d u c a t io n a l  program  to  c o n s i s t  
o f  mere t r a i n i n g  in  te c h n iq u e s  o f o n ly  t r a n s i e n t  v a lu e . 
C o n sid e ra b le  and c o n s ta n t  c a re  must be ta k e n  t o  m a in ta in  
a b a lan ce  betw een th e s e  e x tre m e s .17

Summary

"C urricu lum  '6 8 "  g iv e s  d e ta i l e d  s p e c i f i c a t io n s  f o r  

tw en ty -tw o  c o u rse s  fu n dam en ta l to  th e  s tu d y  o f com puter 

s c ie n c e , a s  w e l l  a s  p u t t in g  th e s e  c o u rs e s  in to  a p r e r e q u i s i t e  

s t r u c tu r e  t h a t  a l s o  in v o lv e s  m a th e m atic s .

W hile th e  q u e s tio n s  o f  d e f i n i t i o n  and j u s t i f i c a t i o n  o f 

com puter s c ie n c e  a re  n o t a d d re s s e d , th e  s u b je c t  m a tte r  i s  

c l a s s i f i e d  in to  th r e e  m ajor a re a s  o f  com puter s c ie n c e  and 

two r e l a t e d  a r e a s .  A c o re  a re a  i s  d e f in e d , and based  on t h i s  

c o re  a re a  th e  u n d e rg ra d u a te  program  i s  d e ta i l e d  in v o lv in g  

com puter s c ie n c e  c o u rs e s , m athem atics c o u rs e s ,  and t e c h n ic a l  

e l e c t i v e s .

G raduate d eg ree  program s a re  m entioned b u t n o t d e t a i l e d  

to  th e  e x te n t  o f  th e  u n d e rg ra d u a te  program . The m a s te r 's  

program i s  o u t l in e d  i n  te rm s o f  a r e a s  w h ile  d o c to r a l  program s 

a re  o n ly  m entioned in  g e n e ra l  te rm s , w ith  id e a s  p u t f o r th  

f o r  f u r th e r  work.

17.  I b i d . , 168.
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A d d it io n a l  to p ic s  r e c e iv e  some a t t e n t io n , ,  th e s e  in c lu d in g  

s e r v ic e  c o u rse s  and m in o rs, c o n tin u in g  e d u c a tio n  program s, 

program  im p lem en ta tio n  p ro b lem s, and f a c i l i t i e s .
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S in ce  th e  p u b l ic a t io n  o f  "C urricu lum  r6 8", a g r e a t  

d e a l  has been s a id  a b o u t i t ,  b o th  p ro  and co n , and i t s  

in f lu e n c e  i s  seen  in  many d e s c r ip t i o n s  o f  c o u rse s  and program s.

A t th e  same tim e , how ever, s u p r is in g ly  l i t t l e  h as  appeared  

in  th e  l i t e r a t u r e  w hich d i r e c t l y  a n a ly z e s  o r  c r i t i q u e s  th e  

recom m endations. The p e rio d  im m ed ia te ly  p re c e e d in g , and 

im m ed ia te ly  fo llo w in g  th e  p u b l ic a t io n  o f  "C urricu lum  768" 

produced s e v e r a l  rev iew s and c r i t i q u e s  which g iv e  a good 

d e a l  o f in s ig h t  in to  th e  r o le  and n a tu re  o f  th e  docum ent, 

and in  many ways p u t in to  w r i t in g  th o s e  th in g s  which have 

been  su b se q u e n tly  s a i d . In  t h i s  c h a p te r  s e v e r a l  o f  th e se  

docum ents w i l l  be c o n s id e re d .

In  June  1968 "C urricu lum  ’68" was in d e p e n d e n tly  rev iew ed 

by E . I .  O rganick [1 4 4 ] , R. T. G regory [9 2 ] ,  and S . Rosen [1 5 5 ] . 

The rev iew s were u n ifo rm ly  p o s i t iv e  tow ard th e  r e p o r t  w ith  

a t y p i c a l  s ta te m e n t b e in g  t h a t  o f  O rganick:

T h is  o u ts ta n d in g  r e p o r t  w i l l  s e rv e  a s  a landm ark 
c o n t r ib u t io n  o f  ACM and NSF to  e d u c a to rs  s ee k in g  to  
e s t a b l i s h  u s e f u l  program s and c o u rse s  in  com puter 
s c ie n c e  a t  th e  c o l le g e  and u n iv e r s i t y  l e v e l . 1

Rosen a l s o  s t r e s s e s  th e  v a lu e  o f th e  r e p o r t  to  th o se  e s t a b l i s h in g

program s n o tin g  t h a t  th e  r e p o r t  w i l l  be o f  s p e c ia l  v a lu e  to

th o se  who have n o t been d e ep ly  in v o lv ed  in  th e  e a r ly  developm ents

in  com puter s c ie n c e , b u t w ant to  d e v e lo p  and o f f e r  a program .

E . I .  O rgan ick , '"Review o f  C urricu lum  ’68", Computing 
Reviews (Review Number 14 ,3 8 9 ) 9, 6 (June  19 6 8 ), 303.
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He to o  n o te s  t h a t  "C urricu lum  ’68" can  form  th e  b a s i s  f o r  th e  

c u rr ic u lu m  even in  th e  c a se  where in d iv id u a l  i n s t i t u t i o n s  

m igh t w ish  to  make a number o f  changes in  th e  a c t u a l  program  

th e y  o f f e r .

W ith in  a l l  th e  rev iew s th e r e  a r e  some e x p re s s io n s  o f

c o n c e rn s . O rganick was concerned  t h a t  th e  r e p o r t  m ight s e rv e

as  to o  much o f  a b lu e p r in t  f o r  a l l  com puter s c ie n c e  e d u c a tio n :

The o n ly  m ajor r e s e r v a t io n  t h i s  re v ie w e r  would have 
i s  t h a t  th e  r e p o r t  co u ld  be re g a rd e d  a s  to o  g o o d . . . l e s s -  
t h a n - f u l l y  im a g in a tiv e  e d u c a to rs  m igh t be tem pted  to  
u rg e  a c c r e d i t a t i o n  o f  B. S . program s based  on p ro x im ity  
t o  th e  a p p lie d  mode1 .2

Rosen e x p re s s e s  a n o th e r  ite m  a s  h i s  m ajor co n ce rn :

P erhaps my s t r o n g e s t  c r i t i c i s m  o f th e  work o f 
th e  C u rricu lu m  Committee i s  t h a t  i t  seems t o  g iv e  
i n s u f f i c i e n t  em phasis to  th e  i n t e r d i s c i p l i n a r y  a s p e c ts  
o f  com puter s c i e n c e .3

O ther item s  were e x p re ssed  w hich w ere o f  some co n ce rn  

t o  th e  re v ie w e rs . O rganick  was co n cern ed  o v e r th e  f a c t  t h a t  

th e r e  was l i t t l e  e x p e r ie n c e  by th e  members o f  th e  C u rricu lu m  

Committee in  th e  ru n n in g  o f  th e  program s th e y  w ere recom m ending. 

He was a l s o  concerned  w ith  th e  i n t e r r e l a t i o n s h i p  o f  c a lc u lu s  

w ith  th e  com puter s c ie n c e  c o re  c o u r s e s ,  and e s p e c i a l l y  

12 -  Programming L anguages, 13 -  Computer O rg a n iz a tio n , and 

14 -  System s Program m ing.

G re g o ry 's  o n ly  s p e c i f i c  co n ce rn  was w ith  th e  f a c t  t h a t  

th e  a r e a  o f  t h e o r e t i c a l  n u m e ric a l a n a ly s i s  was grouped u n d e r

2~. I b i d . , ’ 304.

3 . S . R osen, "Review o f  C urricu lu m  '6 8 " , Com puting Reviews 
(Review Number 1 4 ,3 9 1 ) 9 , 6 (June 1 9 6 8 ), 305.
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th e  m a th em atica l s c ie n c e s  a s  a " r e l a t e d "  s u b je c t  a re a  r a th e r

th a n  d i r e c t l y  in  com puter s c ie n c e .

Rosen n o te s  t h a t  i n  many ways th e  c u rr ic u lu m  recom m endations

r e p r e s e n ts  th e  p o in t  o f  view o f th o se  who have come in to  com puter

s c ie n c e  from  m athem atics and t h a t  th e  program  i s  h ig h ly

o r ie n te d  to  m a th em atics . He n o te s  t h a t  w h ile  th e  b ib l io g r a p h ie s

f o r  th e  c o u rs e s  a re  e x te n s iv e  th e y  do f a l l  i n to  th e  t r a p  of

c o n ta in in g  some i r r e l e v a n t  and poor q u a l i ty  m a te r ia l .

Rosen n o te s  th e  s ig n i f ic a n c e  and im portance  o f th e  D ata

S tr u c tu r e  a re a  s p e c i f ie d  in  "C urricu lum  T6 8", how ever, he

d id  have some r e s e r v a t io n s  a s  to  th e  c o u rse  a s  d e sc r ib e d  :

T here i s  no q u e s t io n  in  my mind a s  to  th e  im p o rtan ce  
o f  th e  to p ic s  l i s t e d  as  th e  s u b je c t  m a tte r  o f  t h i s  c o u rs e . 
E very  com puter s c i e n t i s t  shou ld  know much o f t h i s  m a te r ia l ,  
b u t  I  do n o t see  how t h a t  p a r t i c u l a r  c o l l e c t i o n  o f 
m a te r ia l  can  be o rg an ized  in to  a c o u rse  f o r  c o l le g e  
u n d e rg ra d u a te s  A

In  s p i t e  o f  h i s  s e v e r a l  o b je c t io n s ,  how ever, Rosen does

co n clu d e  t h a t  th e  r e p o r t  i s  m ost v a lu a b le :

A lthough  t h i s  re v ie w e r  has a  few r e s e r v a t io n s  and 
c r i t i c i s m s ,  th e  r e p o r t  r e p r e s e n ts  a most im p o r ta n t 
and u s e f u l  docum ent, and th e  com m ittee t h a t  produced 
th e  r e p o r t  d e se rv e s  th e  th an k s  o f  a l l  o f  us who a re  
i n t e r e s t e d  i n  c u rr ic u lu m  problem s in  com puter s c i e n c e .5

In  1967, th e  A s s o c ia t io n  f o r  E d u c a tio n a l D ata System s

(AEDS) h e ld  a c o n fe ren c e  on th e  Computers in  Am erican E d u c a tio n .

Though t h i s  co n fe ren c e  was p r im a r i ly  d evo ted  to  e d u c a t io n a l

u se  o f  com puters and n o t com puter s c ie n c e  e d u c a tio n , th e re

a re  r e f e r e n c e s  to  th e  l a t t e r  a r e a .  S y lv ia  Charp [3 5 ]  d e s c r ib e s

4 . I b i d . ,  306

5. I b i d .
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courses designed fo r  secondary school studen ts and addresses

some of th e  problems of teach e r tra in in g , while John C affrey [34]

expresses some commonly held  ideas th a t  spawned the  development

of computer science in s tru c tio n :

...A s  the  number of u se rs , e sp e c ia lly  s tu d en ts , grows 
and grows (not ju s t  in  mathematics and the  hard sc ien c es), 
the  need fo r  e a s ie r  access v ia  remote term ina ls and 
more e f fe c tiv e  opera ting  system s, w ith sh o rt turnaround, 
grows in s i s te n t ly .  One even begins to  hear i t  said th a t  
in  th e  hum anities and l ib e r a l - a r t s  program th ere  i s  
growing re a l iz a t io n  th a t  the  c i t iz e n  of tomorrow had 
b e t te r  know as much as he can about computers.

Hence the  demands fo r  in s tru c t io n  in  computer 
science grows apace. I t  i s  poss ib le  to  find  in  co llege  
catalogues across the  country a g rea t v a r ie ty  of courses 
designed fo r  sp e c ia l purposes; the engineer and the 
business a d m in is tra to r apparen tly  need d if f e r e n t  kinds 
of courses in  programming; th e re  a re  courses covering 
the  genera l functions o f computers, the  design of computers, 
computers in  system a n a ly s is , and so on. I t  i s  hard 
to  find  a d is c ip l in e  in  which the  computer has not 
obtruded, even in  a r t  and m usic.6

The most re le v an t a r t i c l e  to  computer science education , 

of th i s  c o lle c tio n  i s  by O ttis  W. Rechard [153]. Though 

w ritte n  before  the form al p u b lica tio n  of "Curriculum '68", 

i t  was w ritte n  w ith a knowledge of what would be in  the  

document, and expresses many of the  concerns and ob jec tions 

th a t  were a ire d  subsequent to  p u b lic a tio n .

Rechard tra c e s  the  development o f computer science 

education  noting  th a t  a t  the  time of w ritin g  th e re  were a t  

l e a s t  th i r ty - th re e  in s t i tu t io n s  o ffe rin g  some kind of program 

in  the  f i e ld .  He notes th a t  these  programs vary a g rea t

6  ̂ John C affrey , ''Computers in  Higher E ducation”, in  D. D. 
Bushnell and D. W. A llen  (e d s .) ,  The Computer in  American 
Education (John Wiley and Sons, New York, 196777 P* 2 2 0 .
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d e a l ,  and t h a t  a t  th e  tim e  o f  w r i t i n g ,  i t  i s  d i f f i c u l t  to  

i d e n t i f y  a common b a s i s  f o r  an  u n d e rg ra d u a te  program :

The d i v e r s i t y  among th e s e  c u r r i c u la  i s  v e ry  g re a t  
in d e e d , r e f l e c t i n g  a t  t h i s  p o in t  l i t t l e  u n ifo rm ity  o f  
o p in io n  a s  to  w hat r e p r e s e n ts  a d eq u a te  academ ic t r a i n i n g  
in  com puter o r  in fo rm a tio n  s c ie n c e .  Beyond some b a s ic  
i n s t r u c t i o n  in  a lg o r i th m ic  p ro c e sse s  and a p ro c e d u re - 
o r ie n te d  lan g u ag e  ( u s u a l ly  FORTRAN o r  ALGOL), some 
n u m erica l a n a ly s i s  and some system s program m ing, i t  i s  
d i f f i c u l t  t o  f in d  a common e le m e n t. For t h i s  and o th e r  
re a s o n s ,  th e  numerous a t te m p ts  to  e s t a b l i s h  u n d e rg ra d u a te  
m ajors in  com puter s c ie n c e  seems p rem atu re  and m isg u id ed . 
At a  tim e when th e  f i e l d  i s  s t i l l  s t r u g g l in g  w ith  problem s 
o f i d e n t i t y ,  i t  does n o t seem f a i r  to  th e  u n d e rg ra d u a te  
s tu d e n t  t o  encourage  him in  th e  b e l i e f  t h a t  a  d eg ree  i n  
com puter s c ie n c e  w i l l  mean a s  much a s  a d eg ree  in  one 
o f  th e  more e s ta b l i s h e d  d i s c i p l i n e s .  A f te r  a l l ,  i t  i s  
re a so n a b le  to  e x p e c t t h a t  two s tu d e n ts  m ajo rin g  in  
m athem atics a t  d i f f e r e n t  u n i v e r s i t i e s  w i l l  each  have 
been  exposed to  a  r a t h e r  la rg e  common body o f  know ledge. 
The same i s  t r u e  o f  p h y s ic s ,  b io lo g y , and e l e c t r i c a l  
e n g in e e r in g , b u t i t  i s  d e f i n i t e l y  n o t t r u e  o f  com puter 
s c i e n c e .7

Rechard goes on to  s p e c i f i c a l l y  r a i s e  q u e s tio n s  re g a rd in g  

th e  r e p o r t  o f  C3S :

In  an  a tte m p t t o  d e a l  w ith  t h i s  problem , th e  ACM 
C u rricu lum  Committee has r e c e n t ly  p roposed  a c u rr ic u lu m  
f o r  an u n d e rg ra d u a te  m ajor in  com puter s c ie n c e .  W hile 
th e r e  i s  much t o  ap p lau d  in  t h i s  e f f o r t ,  many o f  th e  
recom m endations a r e  n e v e r th e le s s  p u z z lin g . Why, f o r  
exam ple, shou ld  a c o u rse  i n  "co m b in a to ric s  and graph  
th e o ry "  be l i s t e d  a s  a  b a s ic  c o u rse  in  com puter sc ien ce- 
w h ile  c o u rse s  in  " l i n g u i s t i c s "  and "an a lo g  com pu ters"  
a r e  in c lu d e d  in  a  l i s t  o f  su p p o r tin g  c o u rse s?  The 
c a ta lo g  d e s c r ip t i o n s  o f  c e r t a i n  o f  th e  c o u rse s  can  cau se  
some c o n fu s io n . In  a d d i t io n ,  i f  one re g a rd s  c o u rse s  
such  a s  "n u m e ric a l a n a ly s i s " ,  "m ath em atica l o p tim iz a tio n  
te c h n iq u e s "  and " c o n s t ru c t iv e  lo g ic "  a s  b e lo n g in g  as 
w e l l  to  m athem atics  a s  to  com puter s c ie n c e , th e  proposed 
c u rr ic u lu m  seems r e a l l y  to  r e p r e s e n t  a sound m ajor in  
m athem atics w ith  o p tio n s  in  co m p u ta tio n , such a s  has

T .  O t t i s  W. R echard , "The Computer S c ie n ce s  in  C o lle g es  and 
U n iv e r s i t i e s " ,  in  D. D. B u sh n e ll and D. W. A lle n  ( e d s . )  The 
Computer in  A m erican E d u ca tio n  (John  W iley and Sons, New 
Y ork, 1967J, pp., 157-158 .
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been d e sc r ib e d  by P e r l i s  in  th e  Communications o f  th e  
ACM.8

I t  i s  no ted  t h a t  much o f  th e  p re s su re  to  o f f e r  u n d e rg rad u a te  

program s in  com puter s c ie n c e  had come from  th e  f a c t  t h a t  

m athem atics d ep artm en ts  had been  r e l u c t a n t  to  c o n s id e r  o f f e r in g  

a p p lie d  program s.

Though Rechard was a g a in s t  th e  fo rm a tio n  o f  u n d e rg rad u a te  

program s in  com puter s c ie n c e ,  he was n o t a g a in s t  g rad u a te  

program s o r  th e  o f f e r in g  o f  u n d e rg ra d u a te  c o u rse s  :

T h is q u a l i f i e d  view o f u n d e rg ra d u a te  m ajors in  
com puter and in fo rm a tio n  sc ie n c e  should  n o t be in te r p r e te d  
a s  o p p o s it io n  to  u n d e rg ra d u a te  c o u rse s  in  th e  s u b je c t .  
P erhaps th e  most s a t i s f a c t o r y  a rrangem en t a t  th e  p re s e n t  
tim e  i s  a d ep artm en t o f com puter and in fo rm a tio n  sc ie n c e  
which o f f e r s  a m a s te r 's  and Ph. D. d eg ree  and te a c h e s  
a number o f  u n d e rg ra d u a te  c o u rs e s ,  so t h a t  s tu d e n ts  
can a c q u ire  background in  th e  s u b je c t  ra n g in g  from 
sim ple  e x p e r ie n c e  w ith  a p ro c e d u re -o r ie n te d  programming 
language to  f a m i l i a r i t y  w ith  co m p ile r and o p e ra tin g  
system  c o n s t r u c t i o n .8

In  Septem ber 1968 a C onference was h e ld ,  w ith  th e  su p p o rt 

o f  The N a tio n a l  S c ien ce  F oundation  a t  P ark  C i ty ,  Utah on 

Computers in  U nderg raduate  E d u ca tio n  [1 7 8 ] . The c o n fe re n c e , 

c h a ire d  by W illiam  V iavan t was concerned  w ith  th e  g e n e ra l  

i s s u e s  o f  com puters in  u n d e rg ra d u a te  e d u c a tio n , b u t in  la rg e  

m easure , a d d re ssed  i t s e l f  to  com puter s c ie n c e  e d u c a tio n , 

and i n t e r p r e t a t i o n  o f "C urricu lum  ’68":

The r e a l  o b je c t iv e  o f th e  c o n fe ren ce  was to  s t i r  
th in g s  u p . A c a s u a l  re a d in g  o f  th e  r e p o r t  o f  th e  ACM 
C urricu lum  C om m ittee, "C urricu lum  ’68" m ight g iv e  to

8 . I b i d . ,  p . 158.

9. I b id .
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a n a iv e  c o l le g e  a d m in is t r a to r  a f e e l in g  t h a t  th e  problem s 
have been s tu d ie d  and s o lv e d , and t h a t  a sc h o o l need 
o n ly  fo llo w  th e  recom m endation o f  th e  r e p o r t .  I f  t h i s  
co n fe ren ce  persuaded even a few p a r t i c ip a n t s  t h a t  th e y  
must th em se lv es  c o n t r ib u te  t o  th e  c r e a t iv e  use  o f 
com puters in  e d u c a tio n , t h a t  th e re  a re  s e r io u s  problem s 
in  such a r a p id ly  chang ing  f i e l d ,  b u t e x c i t in g  o p p o r tu n i ty  
a s  w e l l ,  and t h a t  any form ula  o r  program  c u r r e n t ly  
s p e c i f ie d ,  shou ld  be used  o n ly  a s  a s k e le to n  a t  b e s t ,  
th e n  i t  has been o f v a lu e .10

An i n t e r e s t i n g  p r e s e n ta t io n  was made a t  t h i s  c o n fe ren ce  

by Sam Conte on th e  "H is to ry  and A c t i v i t i e s  o f  th e  ACM 

C urricu lum  Committee" [4 5 ] .  A f te r  d is c u s s in g  some o f  th e  

h i s to r y  o f th e  com m ittee , he tu r n s  to  c r i t i c i s m s .  F i r s t  

th e  q u e s tio n  o f  th e  co m p o sitio n  o f  th e  com m ittee i t s e l f  

i s  ad d re ssed :

V arious c r i t i c i s m s  have been le v e le d  a t  th e  membership 
on t h i s  com m ittee . One i s  t h a t  most o f  th e  com m ittee 
were m a th em atic ian s  by t r a i n i n g .  I t  i s  indeed  t r u e  
t h a t  8 o f  th e  12 members a re  m a th e m a tic ia n s , 2 a re  e n g in e e rs ,  
and 2 a re  p h y s i c i s t s .  The co m p o sitio n  sim p ly  r e f l e c t s  
t h a t  f a c t  t h a t ,  w h a tev er th e  re a s o n , most o f  th e  le a d e r s  
in  com puter s c ie n c e  a t  t h a t  tim e  w ere indeed  t r a in e d  
a s  m a th e m atic ia n s . A second c r i t i c i s m  was t h a t  most 
o f  th e  members were o f  th e  "Computing C en te r D ir e c to r "  
ty p e  w h a tev er t h a t  m ight im p ly . A t th e  tim e th e  com m ittee 
was formed 9 o f th e  12 members w ere Computing C en te r 
D ir e c to r s  b u t o f  c o u rs e , a t  t h a t  tim e  academ ic program s 
in  com puter s c ie n c e  w ere a lm o st n o n - e x is te n t  and t h i s  
was th e  o n ly  avenue a v a i l a b le  to  th o s e  who wanted to  
m a in ta in  an i n t e r e s t  in  com puting a t  u n i v e r s i t i e s .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  o n ly  2 o f  th e s e  same 
members a re  now p r im a r i ly  d i r e c t o r s  o f  Computing 
C e n te rs . A t h i r d  c r i t i c i s m  was t h a t  th e  com m ittee was 
dom inated by n u m erica l a n a ly s t s .  A lthough  4 o f th e  
com m ittee members can  be c l a s s i f i e d  a s  n u m e ric a l a n a ly s t s ,  
i t  seems to  me t h a t  th e  r e p o r t  p la c e s  rem ark ed ly  l i t t l e  
em phasis on n u m erica l a n a l y s i s .  In d eed , c o n s id e r in g  
th e  trem endous in e f f i c i e n c y  o f  com m ittee s t r u c tu r e s  
in  g e n e ra l  and th e  d iv e rg e n t  view p o in ts  re p re s e n te d

10. W illiam  V iavan t ( e d . ) ,  P ro ceed in g s  o f  th e  Park C ity
C onference on Computers in  U n d erg raduate  E d u ca tio n  (The 
U n iv e r s i ty  o f  U tah , S a l t  Lake C i ty ,  1969), p . 5.
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by th e  com m ittee , i t  seems to  me q u i te  rem ark ab le  
t h a t  we a re  a b le  to  come up w ith  a s  w e l l  b a lan ced  a 
document a s  I  th in k  th e  68 r e p o r t  r e p r e s e n t s .11

C r i t ic is m s  d i r e c te d  to  th e  r e p o r t  i t s e l f  a re  no ted

in v o lv in g  such m a tte rs  a s  th e  amount o f  em phasis p laced

on m athem atics and th e  amount o f em phasis p laced  on h ard w are .

There were a l s o  c r i t i c i s m s  r a is e d  o f a " p h i lo s o p h ic a l"

n a tu re :

The com m ittee was c r i t i c i z e d  f o r  n o t ta k in g  
p o s i t iv e  and f o r c e f u l  p o s i t io n s  on th e  fo llo w in g  q u e s tio n s

1 ) I s  Computer S c ien ce  a  d i s c i p l i n e  in  th e  
t r a d i t i o n a l  academ ic sen se?  Does i t  have th e  c o h es io n  
and i n t e l l e c t u a l  d e p th  n o rm a lly  a s s o c ia te d  w ith  a 
d i s c i p l in e ?  And c lo s e ly  r e l a t e d ,  shou ld  th e r e  be an  
u n d e rg ra d u a te  program  in  com puter s c ie n c e ?

2 )  I s  com puter s c ie n c e  a b ranch  o f m a th em atics , 
o r  a b ranch  of e n g in e e r in g  o r i s  i t  som eth ing  e ls e ?

3 ) Where should  com puter s c ie n c e  be lo c a te d  and 
how shou ld  i t  be o rg a n iz e d ?  Should com puter s c ie n c e
be developed  w ith in  e x i s t i n g  d e p a rtm en ts  such a s  m ateh- 
m a tic s  o r  e n g in e e r in g , and i f  so w hich? Should th e re  
be s e p a ra te  d ep artm en ts  o f  Computer S c ien ce?  Or i s  
an I n s t i t u t e  o f  Computer S c ien ce  th e  b e s t  s t ru c tu re ? 1 2

Conte c la im s  t h a t  each  of th e s e  q u e s tio n s  w ere a d d re ssed  

by th e  com m ittee . The com m ittee to o k  a p r a c t i c a l  approach  

to  q u e s t io n  1 in  t h a t  th e re  was a need f o r  e d u c a tio n  and 

such  c o u rse s  and program s would come in to  e x i s t e n c e . They 

f e l t  t h a t  Computer S c ien ce  was a b lend  o f e n g in e e r in g ,  m athe­

m a tic s  and o th e r  d i s c i p l i n e s ,  a s  w e l l ,  le a d in g  to  a t r u l y  

d i s t i n c t  f i e l d  w orthy  o f s tu d y . They f e l t  t h a t  com puter 

s c ie n c e  shou ld  e x i s t  a s  an  in d ep en d en t e n t i t y  on campus.

1 1 . Sam C on te , ' 'H is to ry  and A c t i v i t i e s  o f th e  ACM C u rricu lu m  
C om m ittee", in  W illiam  V iavan t ( e d . ) ,  P ro ceed in g s  o f  th e  P ark  
C i ty  C onference on Computers in  U nderg raduate  E d u ca tio n  (The 
U n iv e r s i ty  o f  U tah , S a l t  Lake C i ty ,  1 9 6 9 ), pp . 3 9 -4 0 .

12 . I b i d . ,  p . 41 .



www.manaraa.com

27

C onte , and th e  com m ittee , d id  n o t f e e l  t h a t  th e  p u b l ic a t io n  

o f  "C urricu lum  ’68" ended work in  th e  developm ent o f c u rr ic u lu m  

i n  com puter s c ie n c e :

. . .we f e e l  t h a t  i t  would be a m is tak e  f o r  a l l  
s c h o o ls  to  a tte m p t to  im plem ent th e s e  recom m endations.
We do hope t h a t  th e y  w i l l  p ro v id e  g u id e l in e s  f o r  program s 
in  e x is te n c e  and f o r  program s in  th e  fo rm a tiv e  s t a g e s . 
B ecause com puter s c ie n c e  i s  s t i l l  in  a r a p id ly  chang ing  
s t a t e  and b ecause  we f e e l  t h a t  c u rr ic u lu m  i s  an  ev o lv in g  
p ro c e s s , th e  com m ittee f e e l s  t h a t  a c o n tin u in g  body shou ld  
be e s ta b l i s h e d  to  c o n s ta n t ly  examine th e  developm ent o f  
program s i n  th e  c o u n try . In  a d d i t io n  to  a  c o n tin u e d  
ex am in a tio n  o f  c u r r i c u l a r  m a tte rs  th e r e  a re  a  number 
o f  o th e r  a s p e c ts  o f  com puter s c ie n c e  e d u c a tio n  which 
o u r com m ittee d id  n o t have tim e  to  e x p lo r e . I 3

Among th e  new problem s to  be a d d re ssed  were program s f o r

s m a lle r  c o l le g e s ,  ju n io r  c o l le g e s  and t e c h n i c a l  s c h o o ls ;

th e  r e l a t i o n s h i p  o f  com puter s c ie n c e  to  o th e r  d i s c i p l i n e s

in c lu d in g  b o th  th o s e  th in g s  com puter s c ie n c e  m igh t o f f e r

o th e r  d e p a rtm en ts  in  th e  u n i v e r s i t y ,  and what th e  com puter

s c ie n c e  s tu d e n ts  would need from  o th e r  d e p a r tm e n ts ; program

im p lem en ta tio n  problem s and r e l a t e d  c o s t ;  th e  developm ent

o f g ra d u a te  p rogram s; and c o u rse  c o n te n t  d ev elopm en t. In

a d d i t io n  i t  was a n t ic ip a te d  t h a t  th e  c u rr ic u lu m  com m ittee

would sp o n so r a program  o f  v i s i t a t i o n  and c o n s u l t a t io n  to

f u r t h e r  a s s i s t  in  th e  developm ent o f  com puter s c ie n c e  p rogram s.

Ever s in c e  th e  p u b l ic a t io n  o f  "C u rricu lum  '6 8 "  and th e

developm ent o f  academ ic program s in  com puter s c ie n c e ,  th e re

have been in d ic a t io n s  t h a t  in d u s t r y  has many m isg iv in g s

a b o u t such academ ic p ro g ram s. Though th e r e  h a s  been  much
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s a id  on th e s e  m a t te r s ,  n o t a  g r e a t  d e a l  a p p ea rs  in  th e  l i t e r a t u r e .  

At th e  P ark  C ity  C onference  th e r e  was a s e s s io n  o f  in d u s t r y  

r e p r e s e n ta t iv e s  and th e  comments o f  John E . H ale [9 4 ]  o f 

B urroughs C o rp o ra tio n  and Kay Magleby Cl2 5] o f  H e w le tt-  

Packard Company a p p e a r  in  th e  P ro c e e d in g s . The rem arks 

o f  Hale in  many ways r e f l e c t s  th e  s t a t e d  view s o f  many 

r e p r e s e n ta t iv e s  o f  i n d u s t r y :

I t  d o e s n ’t  m a tte r  to  me w hether a p e rso n  w orking 
f o r  u s  h a s  a  d eg ree  in  com puter s c ie n c e  o r  m athem atics 
o r  c h e m is try  o r  m usic , o r  E n g lish  o r  w h a te v e r . As 
a m a tte r  o f f a c t ,  th e r e  a re  some v e ry  good peop le  in  
th e  system s programming a re a  who d o n ’t  have d e g re e s  
a t  a l l .  But I  th in k  th e r e  i s  an  o p p o r tu n i ty  f o r  th e  
u n iv e r s i t y  o r  th e  c o l le g e  to  p ro v id e  some fu n d am en ta l 
knowledge t o  th o s e  who a re  i n t e r e s t e d  in  g o in g  in to  th e  
com puter end o f  th e  b u s in e s s ,  th e  programming end .
But th e  c o l le g e s  by and la r g e  have n o t f u l f i l l e d  t h i s  
r e s p o n s i b i l i t y .  I  would l i k e  to  have a p e rso n  have 
a fu n d am en ta l a c q u a in ta n c e s h ip  w ith  w hat a m achine i s .
T h a t, he can o n ly  o b ta in  in  my o p in io n , by a c tu a l ly  
w orking w ith  i t .  T hat i s ,  he m ust have had th e  o p p o r tu n i ty  
to  become in t im a te  w ith  th e  m achine. Now i t  d o e s n 't  
r e a l l y  m a tte r  w hich machine i t  i s ,  o r  w h e th er i t ’s a 
poor o r  good m achine, b u t he ough t t o  be a b le  to  p la y  
w ith  i t .  To s i t  a t  th e  c o n so le  and do th in g s  so t h a t  
he w i l l  u n d e rs ta n d  how th e  m achine r e a l l y  w o r k s . . . . I  
have in te rv ie w e d  peop le  w ith  d e g re e s  in  com puter s c ie n c e  
who p o sse sse d  v a ry in g  d e g re e s  o f  com petence. One, whom 
I  w i l l  n e v e r  f o r g e t  came w ith  a M a s te r 's  d eg ree  in  
com puter s c ie n c e  from  a la rg e  u n i v e r s i t y ,  and I  was 
shocked to  f in d  o u t t h a t  a l l  he knew a b o u t com puters 
was n u m e ric a l a n a l y s i s . . .he  d i d n ' t  have th e  s l i g h t e s t  
u n d e rs ta n d in g  o f what a m achine w a s . . . I  d o n ’t  c a re  
w hether he knows th e  m achine a c t u a l l y  u se s  vacum tu b e s  
o r  screw s o r  b o l t s ,  t h a t  to  me i s  n o t im p o r ta n t .  B ut 
he must have an  u n d e rs ta n d in g  o f  th e  f u n c t io n a l  o p e ra t io n  
o f  th e  s y s te m .14

Magleby i n  many ways r e in f o r c e s  th e s e  view s however su g g e s ts

t h a t  com puter s c ie n c e  e d u c a tio n  c an n o t and sho u ld  n o t t r y

147 John E. H ale , "Remarks by R e p r e s e n ta t iv e s  o f  Computer 
M a n u fa c tu re rs " , in  W illiam  V iav an t ( e d . ) ,  P ro ceed in g s  o f  th e  
P ark  C ity  C onference  on Computers in  U n d erg rad u a te  E d u ca tio n  
(The U n iv e r s i ty  o f  U tah , S a l t  Lake C i ty ,  1 9 6 9 ), p . 107.
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t o  d u p l ic a te  i n d u s t r y 's  on th e  jo b  t r a i n i n g .  S tu d ie s  o u ts id e  

o f  th e  a re a  o f  com puter s c ie n c e  to  round o u t an e d u c a t io n a l  

program  a r e  s t r e s s e d .

M arvin Minsky Cl40] d e l iv e re d  an  in v i te d  a d d re ss  a t  

th e  Park  C ity  C o n fe ren ce . In  h is  t a l k  he s t r e s s e d  th e  b a s ic  

im p o rtan ce  o f  com puter s c ie n c e , how ever, he c au tio n ed  a g a in s t  

to o  f a s t  a move in to  com puter s c ie n c e ,  in  p a r t i c u l a r  i f  t h i s  

im p lie s  a movement away from  m athem atics:

Now, o f co u rse  th e re  a r e  d i f f e r e n t  needs o f  s tu d e n ts .  
I  c a n ' t  h e lp  b e in g  in te r e s t e d  in  s tu d e n ts  who a re  go ing  
to  be th e  n ex t g e n e r a t io n 's  t h e o r i s t s  and c o n tr ib u te  
to  th e  th e o ry .  For them I  r e g r e t  to  say  t h a t  th e  b e s t  
c u rr ic u lu m  f o r  com puter s c ie n c e  i s  a co u rse  in  pure 
m ath em atics , on th e  grounds t h a t  th e  m a th em atica l 
th e o r ie s  have s tood  th e  t e s t  o f  t im e . We have found 
t h a t  th e y  a re  p o w erfu l and u s e f u l  in  d e v e lo p in g  new 
th e o r ie s  in  com puter s c ie n c e ,  w hereas com puter s c ie n c e  
th e o r ie s  a s  o f  to d ay  a r e  v e ry  s u p e r f i c i a l :  th e y  h a v e n 't
r a m if ie d .  Nobody has found o u t what i s  im p o rta n t and 
what i s n ' t  s in c e  th e  work o f  Chomski in  th e  m iddle 
50 's  and t h a t  th e o ry  i s  u n te s te d .  So I  th in k  i t  i s  
im p o rta n t to  keep  in  mind t h a t  i f  you have a s tu d e n t  
who i s  o b v io u s ly  a t h e o r e t i c a l  ty p e , h e ’s go ing  to  
be a s c i e n t i s t ,  you should  encourage  him to  ta k e  a l l  
th e  m athem atics he can : a lg e b r a ,  to p o lo g y , th in g s
l i k e  t h a t .  They won’t  be d i r e c t l y  u s e f u l  b u t he w i l l  
become a m ath em atic ian  and a most p o w erfu l t h e o r i s t  in  
g e n e r a l .  F ive y e a rs  from  now p erhaps we w i l l  have th e  
com puter s c ie n c e  w hich w i l l  in c o rp o ra te  th o se  p a r ts  o f  
m athem atics t h a t  a r e  go ing  to  be r e l e v a n t .  R ig h t now 
we c a n ' t  t e l l  w hat th e y  a r e . 15

In  w orking  s e s s io n s  o f  th e  Park  C ity  C onference th e r e  

was a w orkshop d e a l in g  w ith  C urricu lum  and Programs c h a ire d  

by E a r l  Schweppe C l63 ]. In  th e  r e p o r t  o f  th e  workshop th e re

157 M arvin M insky, "S p e c u la tio n s  a b o u t Man and M ach ines", 
in  W illiam  V iavan t ( e d . ) ,  P ro ceed in g s  o f  th e  Park C ity  
C onference  on Computers in  U nderg raduate  E d u ca tio n  (The 
U n iv e r s i ty  o f  U tah , S a l tT a k e  C i ty ,  1 % 9 ) , pp. 150-151.
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was a s tro n g  recom m endation t h a t  most c o l le g e s  and u n i v e r s i t i e s  

shou ld  c o n s id e r  o f f e r in g  work in  com puter s c ie n c e  ap p ro ach in g  

a tw e lv e  t o  e ig h te e n  hour m inor a t  a minimum. There were 

a ls o  in d ic a t io n s  t h a t  ro u g h ly  th e  c o re  program  o f  "C urricu lum  

’68" would f i l l  t h i s  n eed .

In  th e  1968 ACM T urin g  L ec tu re  R. W. Hamming C l02]

d evo ted  a m ajor p o r t io n  o f h i s  rem arks t o  com puter sc ie n c e

e d u c a tio n  and "C urricu lum  f6 8". Hamming p la c e s  somewhat 

more em phasis on programming work th a n  does "C urricu lum  ’6 8 " :

Were I  s e t t i n g  up a com puter s c ie n c e  program ,
I  would g iv e  r e l a t i v e l y  more em phasis to  la b o ra to ry  
work th a n  does C u rricu lu m  ’68 , and in  p a r t i c u l a r  
I  would r e q u ir e  e v e ry  com puter s c ie n c e  m ajo r, u n d e rg ra d u a te  
o r  g ra d u a te  to  ta k e  a la b o ra to ry  co u rse  in  w hich he 
d e s ig n s ,  b u i ld s ,  deb u g s, and docum ents a re a so n a b ly  
s iz e d  program , perhaps a s im u la to r  o r  a s im p lif ie d  
c o m p ile r  f o r  a p a r t i c u l a r  m achine. The r e s u l t s  would 
be judged  on s ty l e  o f  program m ing, p r a c t i c a l  e f f i c i e n c y ,  
freedom  from b u g s , and d o cu m en ta tio n . I f  any o f 
th e s e  were to o  poor I  would n o t l e t  th e  c a n d id a te  
p a s s .  In  ju d g in g  h i s  work we need to  d i s t in g u i s h  c l e a r l y  
betw een s u p e r f i c i a l  c le v e rn e s s  and genu ine  u n d e rs ta n d in g . 
C le v e rn e ss  was e s s e n t i a l  in  th e  p a s t ,  i t  i s  no lo n g e r  
s u f f i c i e n t .

I  would a ls o  r e q u i r e  a s tro n g  m inor in  some f i e l d  
o th e r  th a n  com puter s c ie n c e  and m ath em atics . W ithout 
r e a l  e x p e rien c e  in  u s in g  th e  com puter to  g e t  u s e f u l  
r e s u l t s  th e  com puter s c ie n c e  m ajor i s  a p t  to  know a l l  
a b o u t th e  m arvelous to o l s  e x c e p t how to  u se  i t .  Such 
a p e rso n  i s  a mere te c h n ic ia n ,  s k i l l e d  in  m a n ip u la tin g  
th e  t o o l  b u t w ith  l i t t l e  sen se  o f how and when to  u se  
i t  f o r  i t s  b a s ic  p u rp o se . I  b e l ie v e  we sho u ld  avo id  
tu r n in g  o u t mere i d i o t  s e r v a n ts —we have more th a n  
enough "com putniks" now to  l a s t  u s  a long  t im e . What 
we need i s  p r o f e s s io n a ls  I

The C urricu lum  r68 reco g n ized  t h i s  need f o r  " t r u e -  
t o - l i f e "  programming by sa y in g , "T his m ight be a rran g ed  
th ro u g h  summer employment, a c o o p e ra tiv e  w o rk -study  
program , p a r t- t im e  employment in  com puter c e n te r s ,
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s p e c i a l  p r o je c t s  c o u rs e s , o r  some o th e r  a p p ro p r ia te  
m ean s .” I  am s u g g e s tin g  t h a t  th e  a p p ro p r ia te  means i s  
a s t i f f  la b o r a to r y  c o u rse  u n d er your own c o n t r o l ,  and 
t h a t  th e  above s u g g e s tio n s  o f  th e  Committee a re  r a r e ly  
go ing  to  be e f f e c t i v e  o r  s a t i s f a c t o r y .16

Hamming c o n s id e rs  th e  q u e s tio n  o f how much m athem atics

i s  n e c e s sa ry  in  a com puter s c ie n c e  c u r r ic u lu m . W ith some

r e lu c ta n c e ,  re c o g n iz in g  t h a t  many p r a c t i t i o n e r s  in  th e  f i e l d

do n o t have s t ro n g  backgrounds in  m athem atics and would in

th e  f u tu r e  be excluded  by such re q u ire m e n ts , he co n c lu d es

t h a t  w ith  th e  p re s e n t  s t a t e  o f  th e  a r t  a good d e a l  o f  m athem atics

i s  n e c e s sa ry  in  th e  c u rr ic u lu m . T h is  le a d s  n a t u r a l l y  to  th e

q u e s t io n  o f  w hat m a th em atics . At l e a s t  one c o u rse  in  n u m erica l

a n a ly s i s  seems n e c e s s a ry , in  a d d i t io n  to p ic s  l ik e  a b s t r a c t

a lg e b r a ,  que in g  th e o ry ,  s t a t i s t i c s ,  p r o b a b i l i t y ,  co d in g  th e o ry ,

and g rap h  th e o ry  a re  a p p r o p r ia te .  He n o te s  t h a t  w ith  th e

th e n  c u r r e n t  s t a t e  o f  m athem atics e d u c a t io n ,  i t  would be

somewhat d i f f i c u l t  f o r  a s tu d e n t  to  p ic k  up such m a te r ia l

w ith o u t h av in g  to  ta k e  a good d e a l  more m a te r ia l  which would

n o t be p a r t i c u l a r l y  r e l e v a n t .

Hamming n o te s  th e  problem s v o iced  in  th e  a re a s  o f b u s in e s s

a p p l ic a t io n s  and t h e i r  r e l a t i o n  to  com puter s c ie n c e  i n s t r u c t io n ;

t h i s  in  tu r n  has a p p l i c a t io n  to  a l l  th e  d i s c i p l i n e s  which

u se  com puting:

One o f  th e  c o m p la in ts  r e g u la r ly  made o f  com puter 
s c ie n c e  c u rr ic u lu m s  i s  t h a t  th e y  seem to  a lm o s t t o t a l l y  
ig n o r  b u s in e s s  a p p l ic a t io n s  and COBOL. I  th in k  t h a t

161  R. W. Hamming, ”One M an's View o f  Computer S c ie n c e ”,
J o u rn a l  o f  th e  ACM 16, 1 (Ja n u a ry  19 7 0 ), pp . 5 -6 .
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i t  i s  n o t a q u e s tio n  o f  how im p o rtan t th e  a p p l ic a t io n s  
a r e ,  n o r how w id e ly  a language l ik e  COBOL i s  u s e d , t h a t  
shou ld  d e te rm in e  w hether o r  n o t i t  i s  ta u g h t in  th e  com puter 
s c ie n c e  d e p a rtm en t; r a th e r  I  th in k  i t  depends on w hether 
o r  n o t th e  b u s in e s s  a d m in is t r a t io n  dep artm en t can  do 
a f a r  b e t t e r  jo b  th a n  we c a n , and w hether o r  n o t w hat 
i s  p e c u l ia r  to  b u s in e s s  a p p l ic a t io n s  i s  fu n dam en ta l to  
o th e r  a s p e c ts  o f  com puter s c ie n c e .  And what I  have 
in d ic a te d  a b o u t b u s in e s s  a p p l ic a t io n s  a p p l ie s ,  I  b e l ie v e ,  
to  most o th e r  f i e l d s  o f a p p l ic a t io n  t h a t  can be ta u g h t 
i n  o th e r  d e p a r tm e n ts . I  s t ro n g ly  b e lie v e  t h a t  w ith  th e  
l im ite d  re s o u rc e s  we have, and w i l l  have f o r  a lo n g  
tim e  to  come, we should  n o t a tte m p t to  te a c h  a p p l ic a t io n s  
o f  com puters in  com puter s c ie n c e  d ep artm en ts  - r a t h e r ,  
th o s e  a p p l ic a t io n s  should  be ta u g h t  in  t h e i r  n a tu r a l  
env ironm en ts  by th e  a p p ro p r ia te  d e p a r tm e n ts .17

Hamming n o te s  some o f th e  co n cern s  ex p re ssed  by o th e r

r e p r e s e n ta t iv e s  o f in d u s t ry  re g a rd in g  th e  u s e fu ln e s s  o f  some

u n iv e r s i t y  t r a in e d  com puter s c i e n t i s t s  :

At p re s e n t  th e re  i s  a f l a v o r  o f  "gam e-p lay ing" 
a b o u t many c o u rse s  in  com puter s c ie n c e . I  h e a r  r e p e a te d ly  
from  f r ie n d s  who w ant to  h i r e  good so ftw a re  peop le  t h a t  
th e y  have found th e  s p e c i a l i s t  in  com puter s c ie n c e  i s  
someone th e y  do n o t w an t. T h e ir  e x p e rien c e  i s  t h a t  
g ra d u a te s  o f  ou r program s seem to  be m ain ly  in te r e s t e d  
in  p la y in g  games, making fan cy  program s t h a t  r e a l l y  
do n o t w ork, w r i t in g  t r i c k  program s, e t c .  and a re  u n ab le  
to  d i s c i p l i n e  t h e i r  own e f f o r t s  so t h a t  what th e y  say  
th e y  w i l l  do g e ts  done on tim e in  p r a c t i c a l  fo rm . I f  
I  had h eard  t h i s  co m p la in t m ere ly  once from  a f r ie n d  
who fa n c ie d  t h a t  he was a h a rd -b o ile d  e n g in e e r , th e n  I  
would d ism is s  i t ;  u n f o r tu n a te ly  I  have heard  i t  from  a 
number o f  c ap ab le  i n t e l l i g e n t ,  u n d e rs ta n d in g  p e o p le .
As I  e a r l i e r  s a id ,  s in c e  we have such a need f o r  f i n a n c i a l  
su p p o rt f o r  th e  c u r r e n t  and fu tu r e  ex p ansion  o f  ou r 
f a c i l i t i e s ,  we had b e t t e r  c o n s id e r  how we can av o id  such 
rem arks b e in g  made ab o u t o u r g ra d u a te s  in  th e  coming 
y e a r s .  Are we go ing  to  c o n tin u e  to  tu r n  o u t a p ro d u c t 
t h a t  i s  n o t w anted in  many p la c e s?  Or a re  we g o in g  to  
tu r n  o u t r e s p o n s ib le ,  e f f e c t i v e  people  who meet th e  
r e a l  needs o f  ou r s o c ie ty ?  I  hope t h a t  th e  l a t t e r  w i l l  
be in c r e a s in g ly  t r u e ;  hence mv em phasis on th e  p r a c t i c a l  
a s p e c ts  o f  com puter s c ie n c e .  °

IT : I b i d . ,  7 .

18 .  I b i d . , 8.
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Much o f  th e  blame f o r  t h i s  s i t u a t i o n  i s  a t t r i b u t e d  to  th e  f a c t  

th a t  many o f  th e  f a c u l ty  a r e  "p u re ” m a th em atic ian s  in  t h e i r  

background , and hence te a c h  t h e i r  c o u rse s  a s  " p u re ” m a th em atic s . 

A d d i t io n a l ly ,  t h i s  means t h a t  q u i te  o f te n  c o u rse s  a r e  ta u g h t  

in  th e  wrong way. T h is i s  e s p e c ia l l y  w e l l  i l l u s t r a t e d  in  th e  

te a c h in g  o f  programming:

To parody ou r c u r r e n t  m ethods o f  te a c h in g  program m ing, 
we g iv e  b e g in n e rs  a grammar and a d ic t io n a r y  and t e l l  
them  th e y  a re  now g r e a t  w r i t e r s .  We seldom , i f  e v e r ,  
g iv e  them  any s e r io u s  t r a i n i n g  in  s t y l e . Indeed  I  have 
w atched f o r  y e a rs  f o r  th e  ap p ea ran ce  o f  a M anual o f  S ty le  
a n d /o r  A nthology o f  Good Programming and have a s  y e t  
found none. Like w r i t in g ,  programming i s  a d i f f i c u l t  
and complex a r t .  In  b o th  w r i t in g  and program m ing, 
com pactness i s  d e s i r a b l e ,  b u t in  b o th  you can e a s i l y  
be to o  com pact. When you c o n s id e r  how we te a c h  good 
w r i t in g  -  th e  e x e r c i s e s ,  th e  c o m p o s itio n s , and th e  t a l k s  
t h a t  th e  s tu d e n t  g iv e s  and i s  g rad ed  on by th e  te a c h e r  
d u r in g  h i s  t r a i n i n g  in  E n g lish  -  i t  seems we have been  
v e ry  re m iss  in  t h i s  m a tte r  o f  te a c h in g  s t y l e  in  program m ing. 
U n fo r tu n a te ly  o n ly  few program m ers who ad m it t h a t  th e r e  
i s  som ething  in  w hat I  have c a l l e d  " s t y l e " a r e  w i l l in g  
to  fo rm u la te  t h e i r  f e e l in g s  and to  g iv e  s p e c i f i c  exam p les .
As a r e s u l t ,  few programmers w r i te  in  f lo w in g  p o e try ;  
most w r i te  in  h a l t i n g  p r o s e .19

Hamming tu r n s  h is  a t t e n t i o n  to  some o f th e  problem s o f 

th e  c o u rse  d e s c r ip t io n s  o f  "C urricu lum  T68" o b se rv in g  t h a t  

in  many ways th e  com m ittee concerned  i t s e l f  to o  much w ith  

d e t a i l s  o f  th e  c o u rs e s , and n o t enough w ith  u n d e r ly in g  id e a s .

He co n c lu d es  by a d d re s s in g  an  is s u e  n o t covered  in  th e  

c u rr ic u lu m  r e p o r t ;  t h a t  o f  p r o f e s s io n a l  e t h i c s :

A long th e s e  l i n e s ,  l e t  me b r i e f l y  comment on th e  
m a tte r  o f  p r o f e s s io n a l  s ta n d a rd s .  We have r e c e n t ly  had 
a s ta n d a rd  p u b lish e d  and i t  seems to  me to  be a good one , 
b u t a g a in  I  f e e l  t h a t  I  am j u s t i f i e d  in  a sk in g  how t h i s
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i s  b e in g  in c o rp o ra te d  i n to  th e  t r a i n i n g  o f  ou r s tu d e n t s ,  
how th e y  a r e  to  l e a r n  t o  behave t h a t  way. C e r ta in ly  
i t  i s  n o t s u f f i c i e n t  to  read  i t  t o  th e  c l a s s  each  m orning; 
b o th  e t h i c a l  and p r o f e s s io n a l  b e h a v io r  a r e  n o t e f f e c t i v e l y  
ta u g h t  t h a t  way. There i s  p le n ty  o f  e v id en c e  t h a t  
o th e r  p ro f e s s io n s  do manage to  com m unicate to  t h e i r  
s tu d e n ts  p r o f e s s io n a l  s ta n d a rd s  w hich , w h ile  n o t alw ays 
fo llo w ed  by e v e ry  member a re  c e r t a i n l y  a l o t  b e t t e r  
i n s t i l l e d  th a n  th o s e  we a re  p r e s e n t ly  p ro v id in g  f o r  
o u r s tu d e n t s .  A gain , we need to  exam ine how th e y  do 
t h i s  k in d  o f  t r a i n i n g  and t r y  to  a d o p t t h e i r  methods 
t o  o u r n e e d s .

He c o n c lu d e s  t h a t  th e s e  k in d s  o f  i s s u e s  can  be b e s t  h and led  

by th e  exam ple o f  th e  f a c u l ty ,  b u t  t h a t  i t  i s  im p o r ta n t t h a t  

i t  be ta u g h t .

Summary

I n i t i a l  r e a c t io n  t o  "C urricu lum  T68u was f a v o ra b le .  

R e p r e s e n ta t iv e s  o f  academ ic i n s t i t u t i o n s  looked  on th e  

docum ent w ith  more re g a rd  th a n  d id  th o s e  from  in d u s t r y .

S p e c if ic  c r i t i c i s m s  were f o r  th e  m ost p a r t  n o t d i r e c te d  

to  th e  c o u rs e s  th em se lv e s  n o r tow ard th e  su g g es te d  program s, 

b u t r a t h e r  to  more p h i lo s o p h ic a l  m a t te r s .  Among th e s e  co n ce rn s  

w ere such  th in g s  a s  w hether th e  r e p o r t  re p re s e n te d  to o  much 

o f  a m anual f o r  program  c o n s t r u c t io n ,  th e  i n t e r d i s c i p l i n a r y  

n a tu re  o f  program s and w h e th er o r  n o t th e s e  w ere a d e q u a te ly  

r e f l e c t e d ,  w hether o r  n o t u n d e rg ra d u a te  program s w ere a d v is a b le ,  

and w h e th er o r  n o t th e r e  was to o  much em phasis on m a th em atics .

R e p re s e n ta t iv e s  o f  in d u s t r y  e x p re ssed  p rim ary  co n cern  

on w h e th er o r  n o t enough p r a c t i c a l  programming e x p e r ie n c e

2 0 .  I b i d . ,  11 .
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was in  th e  program . R e la te d  to  t h i s  i t  was no ted  t h a t  methods 

o f  in tro d u c in g  such e x p e r ie n c e  was n o t a d e q u a te ly  c o v e red . 

A d d it io n a l ly  p ro f e s s io n a l is m  q u e s tio n s  in  com puting were 

n o t a d d re s s e d .
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C h ap ter 3 - R e la t io n  to  P rev io u s  and S im u ltaneous Work

"C urricu lum  ’68" was an  ou tg row th  o f  "An U nderg raduate  

Program i n  Computer S c ien ce  -  P re lim in a ry  Recom m endations,

A R ep o rt from  th e  ACM C urricu lu m  Committee on Computer 

S c ien ce"  [5 7 ] .  T h is  docum ent can  be tr a c e d  back to  a 

P an e l a t  th e  1963 A nnual C onference  o f th e  ACM, re p o r te d  

in  th e  A p r i l  1964 Com m unications o f  th e  ACM, d e a l in g  w ith  

Computer S c ien ce  C u rricu lu m . In  ap p ro x im a te ly  th e  same 

tim e p e rio d  th e  COSINE Committee o f  th e  Commission on E n g in ee rin g  

E d u ca tio n  p rep a red  c o u rse  g u id e l in e s  f o r  Computer S c ien ce  

i n  E l e c t r i c a l  E n g in ee rin g  [4 6 ] ,  and in  May 1964 th e  Committee 

on th e  U n d erg rad u ate  Program in  M athem atics p rep ared  "Recommenda­

t io n s  on th e  U nderg raduate  M athem atics Program f o r  Work in  

Computing" [3 9 ] .  In  t h i s  c h a p te r  th e s e  recom m endations 

w i l l  be re v ie w ed , lo o k in g  f o r  r e l a t i o n s h ip s  betw een them 

and "C urricu lum  T6 8".

F i r s t  th e  1965 recom m endations o f th e  ACM C u rricu lum  

Committee w i l l  be c o n s id e re d . Conte in  com paring th e  65 

and 68 r e p o r t  n o te s  th e  fo llo w in g :

. . . a s  compared w ith  th e  1965 r e p o r t ,  th e  1968 
r e p o r t  accom plished  th e  fo llo w in g :

1) R ev ised  some o f th e  1965 recom m endations, 
sharpened  some o f  th e  c o u rse  o u t l in e s  and added some 
new c o u rse s

2 ) A ttem pted  to  produce some o rd e r  o u t o f  th e  
d iv e r s e  a s p e c ts  o f com puter s c ie n c e  by in tro d u c in g  a 
c l a s s i f i c a t i o n  scheme
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3) Made some recom m endations on g ra d u a te  program s 
in  com puter s c ie n c e  e s p e c ia l l y  a t  th e  MS l e v e l . 1

The 1965 recom m endations w ere drawn up by a com m ittee

c o n s is t in g  o f :

S . D. Conte 
John  W. Hamblen 
Thomas A . Keenan 
W illiam  B. K ehl 
S i l v io  0 .  N avarro 
W erner C . R h eirib o ld t 
E a r l  J .  Schweppe 
D avid M. Young, J r .
W illiam  F . A tch iso n

In  th e  p e rio d  fo llo w in g  th e  p u b l ic a t io n  o f th e  1965 r e p o r t ,

th e  N a tio n a l S c ien ce  F oun d a tio n  funded th e  p r o je c t ,  a llo w in g

f o r  more f r e q u e n t  m e e tin g s , and Thorns E . H u ll, Edward J .

M cCluskey, and W illiam  V iav an t jo in e d  th e  com m ittee .

The C u rricu lu m  Committee view ed "C urricu lum  ’68" as

a m ajor re f in e m e n t and e x te n t io n  o f th e  1965 work:

Of th e  s ix te e n  co u rse s  p roposed  in  th e  e a r l i e r  
recom m endations, e le v e n  have su rv iv e d  in  s p i r i t  i f  n o t 
in  d e t a i l .  Two of th e  o th e r  f iv e  have been s p l i t  in to  
two c o u rse s  e a c h , and th e  rem a in in g  th r e e  have been 
o m itte d  s in c e  th e y  b e lo n g  more p ro p e r ly  to  o th e r  d i s c i p l in e s  
c lo s e ly  r e l a t e d  to  com puter s c ie n c e .  In  a d d i t io n  seven  
new c o u rse s  have been proposed o f which c o u rse  B3 
on " d i s c r e te  s t r u c tu r e s "  and c o u rse  13 on "com puter 
o rg a n iz a t io n "  a re  p a r t i c u l a r l y  n o ta b le .2

The breakdown o f  th e s e  c o u rse s  i s  shown in  C h art 3 -1 .

The 1965 r e p o r t  was th e  p ro d u c t o f  a p p ro x im a te ly  th r e e

y e a rs  o f  w ork, and a t  th e  tim e  o f  i t s  p u b l ic a t io n  i t  was

T~, Sam C on te , "H is to ry  and A c t i v i t i e s  o f  th e  ACM C urricu lum  
C om m ittee ,"  in  W illiam  V iav an t ( e d . ) ,  P ro ceed in g s  o f  th e  Park 
C ity  C onference  on U nderg raduate  Computer E d u ca tio n  (The 
U n iv e r s i ty  o f  U tah , S a l t  Lake C ity ,  19697, p . 4 3 .

2 . C u rricu lu m  Committee on Computer S c ie n c e , "C urricu lum  '6 8 , 
Recommendations f o r  Academic Programs i n  Computer S c ie n c e " , 
Communications o f th e  ACM 11, 3 (March 1968), 153.
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C h art 3 -1

Com parison o f "C urricu lum  *68" and "C urricu lum  T65"

I .  C ourses A ppearing  in  b o th  C u rr ic u la

"C urricu lum  r65" "C urricu lum  ' 68 "

1 . I n t r o d u c t io n  to B l. I n t r o d u c t io n  to  Computer
A lg o rith m ic  P ro cesses S cience

2 . Computer O rg a n iz a tio n B2. Computers and Programming
and Programming

3 . N um erical C a lcu lu s B4. N um erical C a lcu lu s
4 . In fo rm a tio n  S tr u c tu re s 1 1 . D ata S tr u c tu r e s
6 . Logic D esign and 16. S w itch in g  Theory

S w itch in g  Theory
7 . N um erical A n a ly s is  I 18. N um erical A n a ly s is  I
8 . N um erical A n a ly s is  I I 19. N um erical A n a ly s is  I I
9. Computer and 14. Systems Programming

Programming Systems
11. System s S im u la tio n A4. System  S im u la tio n
15. Form al Languages A l. F o rn a l Languages
16. H e u r is t ic A9. A r t i f i c i a l  I n t e l l ig e n c e  and

Programming H e u r is t ic  Programming

I I . C ourses S p l i t

5 . A lg o rith m ic  Languages 12. Programming Languages
and C om pilers 15. C om piler C o n s tru c tio n

14. In t r o d u c t io n  to 17. S e q u e n tia l  M achines
Automata Theory A7. Theory o f C o m p u tab ility

I I I .  C ourses n o t A ppearing  in  "C urricu lum  *68”

10. C om bina to rics  and Graph Theory
12. M athem atica l O p tim iz a tio n  T echniques
13 . C o n s tru c tiv e  Logic

IV . C ourses new in  "C urricu lum  *68"

B3. I n t r o d u c t io n  to  D is c re te  S t r u c tu r e s
13.. Computer O rg a n iz a tio n
A2. Advanced Computer O rg a n iz a tio n
A3. Analog and Hybrid Computing
A5. In fo rm a tio n  O rg a n iz a tio n  and R e t r ie v a l
A6. Computer G raphics
A8. L a rg e -S ca le  In fo rm a tio n  P ro ce ss in g  System s
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a n t i c ip a t e d  t h a t  th e  r e p o r t  would p r im a r i ly  he a  b a s is  from  

w hich more d e t a i l e d  and com prehensive recom m endations co u ld  

be d e v e lo p e d . More e f f o r t  was made th ro u g h o u t th e  1965 

work to  j u s t i f y  th e  e x is te n c e  o f  com puter s c ie n c e  a s  a  f i e l d  

o f  s tu d y :

A lthough much change has been  acco m plished  w ith in  
e x i s t i n g  program s, such  a s  n a th e m a tic s  and e l e c t r i c a l  
e n g in e e r in g , th e r e  i s  a  s iz a b le  a re a  o f  work which does 
n o t n a t u r a l l y  f i t  i n to  any  e x i s t i n g  f i e l d .  T hus, i t  
i s  now g e n e r a l ly  re c o g n ize d  t h a t  t h i s  a r e a ,  m ost o f te n  
c a l l e d  Computer S c ie n c e , has become a  d i s t i n c t  f i e l d  
o f s tu d y . T h is developm ent i s  r e p o r te d  by th e  Committee 
on Uses o f  Computers o f  th e  N a tio n a l Academy o f S c ie n c e , 
by s e v e r a l  in d iv id u a l  a u th o rs  and in  a  r e p o r t  o f  th e  
Committee on th e  U nderg raduate  Program in  M athem atics 
(CUPM).. .  .3

The hope o f th e  com m ittee in  t h i s  r e p o r t  was t h a t  th e  r e p o r t  

would be a  c o o rd in a t in g  fo r c e  f o r  th e  nany e f f o r t s  a l r e a d y  

g o in g  on in  u n iv e r s i t y  e d u c a tio n  in  com puter s c ie n c e .

I t  was re c o g n ize d  t h a t  th e r e  was a  d e f i n i t e  demand f o r  

com puter work i n  v a r io u s  academ ic p rogram s. T h is ,  how ever, 

was n o t th e  p rim ary  purpose o f t h i s  r e p o r t :

The Committee has chosen  t o  d i r e c t  i t s  a t t e n t i o n  
f i r s t  t o  s tu d e n ts  whose p rim ary  i n t e r e s t  i s  in  com puter 
s c ie n c e .  The Committee s o l i c i t s  comment and c r i t i c i s m  
o f th e  p re s e n t  r e p o r t  w ith  th e  view  o f  b o th  s t r e n g th e n in g  
th e  c u r r e n t  recom m endations and i l lu m in a t in g  th e  r e l a t i o n  
betw een com puter s c ie n c e  and o th e r  f i e l d s  o f  s tu d y .4

The r e l a t i o n s h i p  o f t h i s  work to  o th e r  g ro u p s w ith

an  i n t e r e s t  in  c u rr ic u lu m  i n  com puting , and e s p e c i a l l y  CUPM,

3~. C u rricu lu m  Committee on Computer S c ie n c e , "An U nderg raduate  
Program  in  Computer S c ie n c e , P re lim in a ry  Recom m endations", 
Comm unications o f  th e  ACM 8 , 9 (Septem ber 1 9 6 5 ), 543.

4 .  I b i d . ,  544.
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was re c o g n iz e d :

The r e p o r t  o f  CUPM e n t i t l e d  "Recommendations 
on th e  U n d erg raduate  M athem atics P r o g r a m  f o r  Work in  
Com puting" i s  v e ry  w e ll  done . Members o f C3s, some 
o f  whom had c o n su lte d  w ith  CUPM, were g r e a t ly  p le a se d  
w ith  th e  p e rc e p tio n  shown in  t h i s  document and w ith  
th e  f a c t  t h a t  th e  program  su g g es ted  by CUPM to  some 
d eg ree  p a r a l l e l e d  t h e i r  own th in k in g .  T hat r e p o r t ,  
how ever, was f o r  th e  m athem atics m ajor and we f e e l  
t h a t  a d d i t i o n a l  work i s  needed f o r  th e  com puter s c ie n c e  
m a jo r, e s p e c ia l l y  in  view  o f  th e  f a c t  t h a t  so many 
sc h o o ls  a re  moving tow ard such a m a j o r . 5

The c u rr ic u lu m  was in te n d e d  to  meet th e  u s u a l  re q u ire m e n ts

o f u n d e rg ra d u a te  p rogram s; e n tra n c e  to  g ra d u a te  program s

in  com puter s c ie n c e ,  d i r e c t  e n t r y  in to  th e  p ro f e s s io n ,

o r  e n tra n c e  to  g ra d u a te  s tu d y  i n  o th e r  f i e l d s .  Thus th e

program  c o n s is te d  o f a sm a ll number o f  re q u ire d  c o u rs e s :

1) I n t r o d u c t io n  to  A lg o rith m ic  P ro ce sse s
2 ) Computer O rg a n iz a tio n  and Programming
3) N um erical C a lcu lu s
4 ) In fo rm a tio n  S tr u c tu r e s
5) A lg o rith m ic  Languages and C om pilers

A s e r i e s  o f  " h ig h ly  recommended e l e c t i v e s " :

6 ) Logic D esign  and S w itch in g  Theory
7) N um erical A n a ly s is  I
8 ) N um erical A n a ly s is  I I
9) Computer and Programming System s

and f i n a l l y  a l i s t  o f  " o th e r  e l e c t i v e s " :

10) C o m b in a to rics  and Graph Theory
11) System s S im u la tio n
12) M ath em atica l O p tim iz a tio n  T echniques
13) C o n s tru c t iv e  Logic
14) I n t r o d u c t io n  to  Automata Theory
15) Form al Languages
16) H e u r is t ic  Programming

M athem atics and o th e r  r e l a t e d  c o u rse s  w ere a l s o  m entioned

5.  I b i d .
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w ith in  t h i s  c o n te x t  o f  " r e q u ir e d ” , " h ig h ly  recommended e l e c t i v e s ” 

and " o th e r  e l e c t i v e s " .

An e x te n s iv e  j u s t i f i c a t i o n  o f  Computer S c ien ce  a s  a 

d i s c i p l i n e  a s  w e l l  a s  an  e x p la n a tio n  o f  i t s  purpose  i s  g iv e n :

Computer s c ie n c e  i s  n o t s im p ly  co ncerned  w ith  
th e  d e s ig n  o f  com puting d e v ic e s  -  n o r i s  i t  j u s t  th e
a r t  o f  n u m e ric a l c a l c u l a t i o n s ,  a s  im p o r ta n t a s  th e s e
to p ic s  a r e .  Computer s c ie n c e  encom passes many s p e c ia l i z e d  
a r e a s ,  a l l  d e v e lo p in g  w ith  ex trem e r a p i d i t y .  I t  i s  n a tu r a l  
t h a t  one sho u ld  a s s o c ia te  some sm a ll p a r t ,  to  w hich 
he h as  been  ex p o sed , w ith  th e  s u b je c t  a s . a  w hole .
Even among th o s e  s p e c ia l i z in g  in  com puter s c ie n c e ,  
few ( i f  an y ) a re  a b le  to  keep  pace w ith  th e  f lo o d  o f  
in n o v a tio n  th ro u g h o u t th e  f i e l d . 5

So much th e n  f o r  w hat com puter s c ie n c e  i s n ’t ;  th e  q u e s t io n

th e n  i s  w hat com puter s c ie n c e  i s ?

Computer s c ie n c e  i s  co n cern ed  w ith  in fo rm a tio n  
in  much th e  same sen se  t h a t  p h y s ic s  i s  concerned  w ith  
en e rg y ; i t  i s  d evo ted  to  th e  r e p r e s e n ta t io n ,  s to r a g e ,  
m a n ip u la tio n  and p r e s e n ta t io n  o f  in fo rm a tio n  in  an 
en v iro n m en t p e rm it t in g  a u to m a tic  in fo rm a tio n  sy s tem s .
As p h y s ic s  u se s  en erg y  tra n s fo rm in g  d e v ic e s ,  com puter 
s c ie n c e  u se s  in fo rm a tio n  tra n s fo rm in g  d e v ic e s .  Some 
form s o f  in fo rm a tio n  have been more th o ro u g h ly  s tu d ie d  
and a re  b e t t e r  u n d e rs to o d  th a n  o th e r s ;  n e v e r th e le s s ,  
a l l  form s o f in fo rm a tio n  - n u m eric , a lp h a b e t ic ,  p i c t o r i a l ,  
v e r b a l ,  t a c t i l e ,  o l e f a c to r y ,  r e s u l t s  o f  e x p e r im e n ta l  
m easurem ents, e t c .  -  a r e  o f  i n t e r e s t  i n  com puter s c ie n c e .

M athem atics to o  i s  co n cern ed  w ith  in fo rm a tio n  and 
i t s  s t r u c t u r e  and t h i s  te n d s  t o  co n fu se  th o s e  n o t  w e l l  
v e rse d  in  b o th  m athem atics and com puter s c ie n c e .  The 
m a th em atic ian  i s  i n t e r e s t e d  in  d is c o v e r in g  th e  s y n ta c t i c  
r e l a t i o n  betw een e lem en ts  based  on a  s e t  o f  axiom s 
w hich may have no p h y s ic a l  r e a l i t y .  The com puter 
s c i e n t i s t  i s  i n t e r e s t e d  in  d is c o v e r in g  th e  p rag m a tic  
means by w hich in fo rm a tio n  can  be tra n s fo rm e d  t o  model 
and a n a ly z e  th e  in fo rm a tio n  t r a n s fo rm a tio n s  in  th e  
r e a l  w o rld . The p rag m atic  a s p e c t  o f  t h i s  i n t e r e s t  le a d s  
t o  in q u i r y  in to  e f f e c t i v e  ways to  r e p r e s e n t  in fo rm a t io n ,

6.  I b i d .
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e f f e c t i v e  a lg o r i th m s  t o  tra n s fo rm  in fo rm a tio n , e f f e c t i v e  
lan g u ag es  w ith  w hich t o  e x p re s s  a lg o r i th m s , e f f e c t i v e  
means to  m o n ito r th e  p ro c e ss  and t o  d i s p la y  th e  tran sfo rm ed  
in fo rm a t io n , and e f f e c t i v e  ways to  acco m p lish  th e s e  
a t  re a so n a b le  c o s t . 7

The f a c t  t h a t  academ ic program s had developed  in  a number

o f  i n s t i t u t i o n s  f u r t h e r  p o in ts  to  th e  f a c t  t h a t  com puter

s c ie n c e  i s  a d i s c i p l i n e  in  i t s  own r i g h t .

In  th e  d e s c r ip t i o n  o f  c o u rs e s ,  th e r e  w ere hard  d e c is io n s

to  be made a s  t o  w h e th er a c o u rse  was a ss ig n e d  t o  com puter

s c ie n c e  o r  was a s s ig n e d  a s  a  su p p o r tin g  c o u rse  from  a n o th e r

d i s c i p l i n e .  The d e c is io n  was made on th e  b a s is  o f  th e

re le v a n c y  o f  th e  m a te r ia l  i n  q u e s t io n  to  th e  e n t i r e  com puter

s c ie n c e  program . In  th e  c a se  o f  t h i s  r e p o r t ,  a breakdown

a s  to  th e  amount o f  tim e  f o r  each  to p ic  i s  n o t g iv e n . I t

was a l s o  n o ted  t h a t  a l th o u g h  r e f e r e n c e s  a r e  g iv e n  f o r  th e

c o u rs e s  o u t l in e d ,  t e x t s  w ere n o t a v a i l a b le  f o r  some o f  th e

c o u r s e s .

The c o u rs e s  d e sc r ib e d  in  t h i s  r e p o r t ,  a s  w ith  ’’C urricu lum  

’68” , were in  te rm s o f  th r e e  se m e s te r  ho u r c o u rs e s :

In  a p p ly in g  th e s e  recom m endations to  any g iv en  
c o l l e g e ,  c o n s id e r a t io n  shou ld  c l e a r l y  be g iv e n  to  th e  
p o s s i b i l i t y  t h a t  c e r t a i n  c o u rse s  may a lr e a d y  be a v a i l a b le  
by m o d if ic a t io n  o f e x i s t i n g  c o u rs e s .  Double l i s t i n g  
o f  c o u rse s  i s  a te c h n iq u e  t h a t  has som etim es been  used  
w ith  a p p a re n t  s u c c e s s .

We can n o t be s p e c i f i c  w ith  re g a rd  t o  f a c u l ty  
o rg a n iz a t io n  f o r  t h i s  c u rr ic u lu m  sim ply  becau se  o f  th e  
d i v e r s i t y  o f  th e  A m erican C o lle g e  s t r u c t u r e .  In  some 
sc h o o ls  an  in d e p en d e n t d ep artm en t o f  com puter s c ie n c e

T  I b i d .
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may be a p p r o p r ia te ;  in  o th e r s  such a d ep artm en t o f  
com puter s c ie n c e  may n o t .  We co n cu r w ith  CUPM t h a t  
th o s e  r e s p o n s ib le  f o r  com puter s c ie n c e  c u r r i c u la  should  
be c lo s e ly  l in k e d  to  th e  com puter s c i e n t i s t s  engaged 
in  p ro v id in g  c o m p u ta tio n a l f a c i l i t i e s .  A lthough we 
f u r th e r  a g re e  t h a t  m ost o f  th e  com puter s c ie n c e  c o u rse s  
d e sc r ib e d  in  t h i s  r e p o r t  w i l l  n o t be ta u g h t  w ith in  
e x i s t i n g  m athem atics d e p a r tm e n ts , th e r e  i s  c o n s id e ra b le  
b e n e f i t  to  be ga ined  from  m utua l c o o p e ra t io n . In  any 
case  e i t h e r  new d ep a rtm en ts  w i l l  need to  be e s ta b l i s h e d ,  
o r  e x i s t i n g  m athem atics (o r  o th e r )  d e p a rtm en ts  w i l l  
need to  re c o g n iz e  th e  p a r t i c ip a t io n  o f com puter s c i e n t i s t s  
in  th e  f a c u l ty  developm ent p l a n .8

The com m ittee no ted  t h a t  s e v e r a l  c o u rse s  would w e ll  

se rv e  s tu d e n ts  in  o th e r  academ ic a r e a s ;  among th e s e  a r e  c o u rse  1 

( I n t ro d u c t io n  to  A lg o rith m ic  P ro c e s se s )  f o r  s c ie n c e  and e n g in e e r ­

in g  s tu d e n ts ;  th e r e  i s  enough f l e x i b i l i t y  to  meet m ost o f  

th e  re q u ire m e n ts  f o r  th e  CUPM m ajor i n  m athem atics w ith  

em phasis in  com puting ; e n g in e e r in g  s tu d e n ts  can  u se  c o u rse  6 

( lo g ic  d e s ig n  and sw itc h in g  th e o ry )  and co u rse  10 (c o m b in a to ric s  

and g raph  th e o r y ) ;  and th e  c o u rse s  i n  n u m e ric a l c a lc u lu s  and 

n u m e ric a l a n a ly s i s  (c o u rse s  3 , 7 , and 8) a re  o f  v a lu e  to  

a  number o f  s c ie n c e  r e l a t e d  f i e l d s .  The q u e s tio n  o f  th e  

needs o f  th e  com puter s c ie n c e  s tu d e n t  from  o th e r  d e p a rtm en ts  

i s  m entioned:

We have n o t in v e s t ig a te d  th e  q u e s t io n  o f  w hether 
some m o d if ic a t io n  o f  s ta n d a rd  c o u rse s  in  m a th em atics , 
p h y s ic s , e t c . ,  would be d e s i r a b le  from  th e  v ie w p o in t 
o f  a com puter s c ie n c e  m ajo r. Some i n t u i t i v e l y  f e e l  
t h a t  t h i s  nay be th e  c a se  b u t ad m it t h a t  th e  q u e s tio n  
needs c a r e f u l  c o n s id e r a t io n .9

The com m ittee co n c lu d es  th e  fo rm a l p o r t io n  o f  th e  r e p o r t

8 . I b i d . ,  545.

9.  I b i d .
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w ith  t h e i r  a n t i c i p a t i o n  o f f u tu r e  w ork, and t h e i r  f e e l in g  

o f  th e  l i m i t a t i o n s  o f  th e  p re s e n t  work:

The work o f  C3s i s  in  i t s  e a r l y  s ta g e s .  R eaders 
o f t h i s  r e p o r t  a r e  encouraged  t o  com m unicate t h e i r  id e a s ,  
e x p e r ie n c e s  and c r i t i c i s m s  to  th e  C om m ittee. Mot o n ly  
w i l l  th e  p re s e n t  recom m endations need p e r io d ic  rev iew  
b u t many s u g g e s tio n s  co n ce rn in g  f u r t h e r  c o m p u te r-o r ie n te d  
c u r r i c u la  a r e  so u g h t. S tudy  o f th e  com puter s c ie n c e  
needs o f  s tu d e n ts  i n  th e  n o n -p h y s ic a l s c ie n c e s  i s  a p p r o p r ia te .  
I t  has  been su g g es te d  t h a t  th e  e d u c a t io n a l  needs o f  th o se  
who w i l l  p la n  and d e s ig n  th e  com puting and com m unication 
equipm ent o f  th e  f u tu r e  sh o u ld  be g iv e n  s p e c ia l  c o n s id e ra ­
t i o n .  More s p e c i f i c  th o u g h t w i l l  be g iv e n  to  th e  e d u c a tio n  
o f  th o se  w ish in g  to  p re p a re  th em se lv es  f o r  work in  
in fo rm a tio n  r e t r i e v a l ,  management s c ie n c e ,  th e  l i f e  
s c ie n c e s ,  and th e  b e h a v io ra l  s c ie n c e s .  F in a l ly ,  th e  
p re s e n t  recom m endations do n o t d e a l  w ith  g ra d u a te  com puter 
s c ie n c e .  A com m ittee t o  s tu d y  g ra d u a te  c u rr ic u lu m  i s  
in  th e  p ro c e ss  o f  fo r m a t io n .10

D e ta i le d  d e s c r ip t io n s  o f  th e  c o u rse s  in  th e  c u rr ic u lu m  

fo llo w . The way in  which th e  c o u rse s  f i t  to g e th e r  i n to  th e  

c u rr ic u lu m  i s  shown in  C h a r t 3 -2 .

The 1965 C urricu lu m  R ep o rt was p reced ed  by a  s e r i e s  

o f  p ap e rs  a p p e a r in g  in  th e  A p r i l  1964 is s u e  o f th e  Communications 

o f  th e  ACM d e a l in g  w ith  c o u rse  program s in  com puter s c ie n c e .

These p ap ers  had f i r s t  been  p re se n te d  a t  th e  1963 ACM Annual 

C onference  in  D enver by a  p a n e l c o n s i s t in g  o f A. J .  P e r l i s  [1 4 6 ] , 

Bruce W. Arden [ 6 ] ,  George F . F o rsy th e  [ 7 8 ] ,  R o b ert R.

K orfhage [1 1 9 ] , S a u l Gorn [ 8 6 ] ,  and D avid E . M u lle r [1 4 1 ] .

In  th e  p r in te d  v e r s io n ,  c r i t i q u e s  were added t o  each  o f th e  

p a p e rs , and a  p aper by Thomas A. Keenan [1 1 7 ] a t te m p tin g  a 

d e f i n i t i o n  o f com puter s c ie n c e  and a  p ap er by W illiam  F .

A tc h iso n  and John  W. Hamblen [1 8 ]  in d ic a t in g  th e  c u r r e n t

1 0 . I b id .
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S tr u c tu r e  o f  th e  C urricu lum 11

I .  R eq u ired  C ourses
A. B asic  Computer S cience

1 . In t r o d u c t io n  to  A lg o rith m ic  P ro cesse s
2 . Computer O rg a n iz a tio n  and Programming
3 . In fo rm a tio n  S tr u c tu r e s

B. Theory C ourses
5 . A lg o rith m ic  Languages and C om pilers

C. N um erical A lgo rithm s
4 .  N um erical C a lcu lu s  (o r  C ourse 7)

D. S u p p o rtin g  C ourses
B eginning  A n a ly s is  (12 C r e d i ts )
L in e a r  A lgebra  (3 C r e d i t s )

I I .  H igh ly  Recommended E le c t iv e s
A. B asic  Computer S c ience

6 . Logic D esign  and S w itch in g  Theory
B. N um erical A lg o rithm s

7 . N um erical A n a ly s is  I
8 . N um erical A n a ly s is  I I

C. S u p p o rtin g  C ourses
A lg e b ra ic  S tr u c tu r e s  
S t a t i s t i c a l  Methods 
D i f f e r e n t i a l  E q u a tio n s  
Advanced C a lcu lu s  
P h y sic s  (6  C r e d i t s )

I I I .  O ther E le c t iv e s
A. B as ic  Computer S c ien ce

10 . C om bina to rics  and Graph Theory
B. Theory C ourses

13 . C o n s tru c t iv e  Logic
14 . In t r o d u c t io n  t o  A u to n a ta  Theory
15. Form al Languages

C. Computer Models and A p p lic a t io n s
11 . Systems S im u la tio n
12 . M ath em atica l O p tim iz a tio n
16 . H e u r is t ic  Programming

D. S u p p o rtin g  C ourses
A nalog Computers 
E le c t ro n ic s
P r o b a b i l i ty  and S t a t i s t i c s
L in g u is t ic s
P h ilo so p h y
P h ilo so p h y  o f  S c ien ce

1 1 . I b i d . ,  546 .
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s t a t e  o f com puter s c ie n c e  were added .

In  K eenan’s C ll7 ]  d e f i n i t i o n  o f com puter s c ie n c e ,  he 

i d e n t i f i e s  fo u r  b a s ic  to p ic s  o f  i n t e r e s t  to  th e  com puter 

s c i e n t i s t :

1) O rg a n iz a tio n  and i n t e r a c t i o n  o f  equipm ent 
c o n s t i t u t i n g  an in fo rm a tio n  p ro c e ss in g  system

2 ) Developm ent o f  so ftw a re  system s w ith  w hich to  
c o n t r o l  and communicate w ith  equipm ent

3) D e r iv a tio n  and s tu d y  o f  p ro ced u res  and b a s ic  
th e o r ie s  f o r  th e  s p e c i f i c a t i o n  o f  p ro c e sse s

4 ) A p p lic a t io n  o f sy stem s, so f tw a re , p ro ced u res  
and th e o r ie s  o f  com puter s c ie n c e  to  o th e r  d i s c i p l i n e s -*-2

He th e n  goes on to  g iv e  exam ples o f  th e  k in d  o f  work t h a t

goes on u n d e r each o f  th e s e  t o p i c s .

W ith in  t h i s  d e f i n i t i o n  o f  th e  f i e l d ,  Keenan tu r n s  to

th e  q u e s tio n  o f e d u c a tio n  in  com puter s c ie n c e .  Here he

i d e n t i f i e s  f iv e  a r e a s :

1) G enera l E d u ca tio n  -  to  in s u re  t h a t  th e  p u b lic  
i s  p ro p e r ly  aw are o f  com puters and w hat th e y  can do

2 ) T ra in in g  o f  Programmers
3) O r ie n ta t io n  o f S c i e n t i s t s
4 ) E d u ca tio n  o f  Computer S p e c i a l i s t s
5) Developm ent o f  Computer S c i e n t i s t s 13

Keenan th en  n o te s  t h a t  each  o f th e s e  a r e a s  c a r r i e s  i t s  

own problem s o f  em phasis and s ta n d a rd s ,  and he r e l a t e s  th e  

m a te r ia l  in  th e  s e t  o f  p ap ers  to  th e s e  l e v e l s  o f  e d u c a tio n :

The c o u rse s  d e sc r ib e d  in  t h i s  is s u e  n e i th e r  encompass 
th e  f u l l  domain o f  m a te r ia l  a v a i l a b le  in  com puter 
s c ie n c e ,  no r s ig n i f y  th e  end p ro d u c t o f  th e  p re s e n t  
c u rr ic u lu m  e v o lu t io n .  The d e s c r ip t io n s  g iv e  b u t a 
sn ap sh o t o f  c u r r e n t  th o u g h t on d e s i r a b le  m a te r ia l  and 
methods o f p r e s e n ta t io n  in  s e le c te d  a r e a s .  Some o f

12"! Thomas A. Keenan, "Computers and E d u c a tio n " , Com m unications 
o f  th e  ACM 7 , 4 (A p r i l  196 4 ), 206.

1 3 • Ib l d - * 2 0 7 -208 .
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th e  c o u rs e s  ( P e r l i s ,  A rden) a r e  a p p r o p r ia te  a s  in t r o d u c t io n s  
f o r  com puter s p e c i a l i s t s  o r  f o r  th e  o r i e n t a t i o n  o f  
s tu d e n ts  o f  o th e r  s c ie n c e s ;  o th e r s  (M u lle r , K orfhage, 
and F o rsy th e )  d e sc r ib e d  c o u rse s  f o r  com puter s p e c i a l i s t s  -
i . e .  u n d e rg ra d u a te  com puter s c i e n t i s t s  -  w hich may 
a l s o  m e r i t  c o n s id e r a t io n  a s  e l e c t i v e s  f o r  o th e r  d i s c i p l i n e s ;  
Gorn d e s c r ib e s  m a te r ia l  l a r g e ly  o f  h i s  own developm ent 
w hich i s  p laced  a t  th e  g ra d u a te  l e v e l  in  com puter 
s c i e n c e .14

P e r l i s  [1 4 6 ] d e s c r ib e s  a  one se m e s te r  f i r s t  c o u rse  in  

program m ing. The co u rse  w hich c o v e red : (1 )  s t r u c tu r e  o f

a lg o r i th m s ;  (2 )  s t r u c tu r e  o f  la n g u a g e s ; (3 )  s t r u c tu r e  o f 

m ach ines; (4 )  s t r u c tu r e  o f  p rogram s; and (5 )  s t r u c tu r e  o f  

d a ta ,  d id  n o t  c o n c e n tra te  on th e  d e t a i l s  o f  a  language  o r  

a m achine, le a v in g  th e  m astery  o f  t h i s  m a te r ia l  to  th e  

problem s and e x e r c i s e s .  P e r l i s  th e n  goes on to  o u t l in e  

a c u rr ic u lu m  f o r  an o p tio n  in  co m p u ta tio n  in  an  u n d e rg ra d u a te  

m athem atics  m a jo r. E f f e c t iv e ly  t h i s  o p tio n  adds to  a 

t r a d i t i o n a l  m athem atics m ajor c o u rse  i n  B oolean A lgebra  and 

S w itc h in g  T heo ry , N um erical C a lc u lu s , Computer S ystem s, 

C o n s tru c t iv e  L o g ic , and Advanced Theory o f  C om puta tion .

T . M. G a ll ie  in  a b r i e f  c r i t i q u e  o f  th e  p ap er f in d s  

no f a u l t  w ith  e i t h e r  th e  c o u rse  o r  th e  program  d e s c r ib e d , 

n o t in g  t h a t  b o th  r e q u i r e  e n th u s i a s t i c  and know ledgeable  

p r o f e s s io n a ls  to  be o f fe re d  s u c c e s s f u l ly .  He in d ic a te s  

t h a t  few such  in d iv id u a ls  c u r r e n t ly  e x i s t  and e x p re s s e s  th e  

hope t h a t  th e  u n i v e r s i t i e s  w i l l  s e t  o u t to  p re p a re  such 

p e o p le .

W . XHHTTTOST
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A rden [6 ]  p re s e n ts  a c o u rse  d es ig n ed  a s  an  in t r o d u c t io n  

to  com puting f o r  e n g in e e r in g  and s c ie n c e  s tu d e n ts .  R ecogn iz ing  

t h a t  such s tu d e n ts  w i l l  o n ly  have an o p p o r tu n i ty  to  ta k e  

one c o u rse  in  com puting , t h i s  c o u rse  a tte m p ts  to  s e l e c t  

s i g n i f i c a n t  to p ic s  from  com puter sy stem s, n u m e ric a l a n a ly s i s ,  

and program m ing. As w ith  P e r l i s ’s c o u rs e , a g r e a t  d e a l  o f 

em phasis i s  p laced  on e x e r c is e s  w hich su p p ly  many o f  th e  

d e t a i l s  n o t covered  in  th e  fo rm a l c la ss ro o m  i n s t r u c t i o n .

F o rsy th e  [7 8 ]  p re s e n ts  a c u rr ic u lu m  in  N um erical A n a ly s is  

c o n s i s t in g  o f a one q u a r te r  freshm an-sophom ore c o u rs e , a 

th r e e  q u a r te r  s e n io r  c o u rse  and he in c lu d e s  b r i e f  m ention 

o f  a th r e e  q u a r te r  g ra d u a te  c o u rs e . He to o  s t r e s s e s  th e  

im p o rtan ce  o f  programming e x e r c is e s :

A l l  o f  th e s e  c o u rse s  should  in v o lv e  good e x e r c is e s  
f o r  th e  s tu d e n t ,  b o th  in  a n a ly s i s  and in  u se  o f  an 
a u to m a tic  com pu ter. S e v e ra l  e x e r c is e s  shou ld  r e q u ir e  
th e  m arriag e  o f  good a n a ly s i s  to  im a g in a tiv e  program m ing. 
T h is  means t h a t  t h e i r  fo rm u la t io n  must depend c r i t i c a l l y  
on th e  e x p e r ie n c e  o f th e  s tu d e n ts  in  a n a ly s i s  and p ro ­
gramming, and on th e  power o f th e  com puter to  be used 
and th e  s o p h i s t i c a t io n  o f th e  a v a i l a b le  la n g u a g e s .
D ev is in g  good problem s i s  v e ry  d i f f i c u l t ,  and y e t  i t  
i s  th e  c e n t r a l  p a r t  o f  p re p a r in g  th e s e  c o u r s e s .  In  
my e x p e r ie n c e , th e  com puter problem s have u s u a l ly  been 
to o  many and to o  e a s y . They ten d ed  to  t e s t  th e  s tu d e n t ’s 
f a c i l i t y  a t  s y n t a c t i c a l  debugging  more th a n  h i s  power 
i n  d e v is in g  e f f e c t i v e  a lg o r i th m s .15

David Young in  a c r i t i q u e  o f  th e  p ap er s u g g e s ts  a b i t  more

m a th em atica l background f o r  th e  work in  n u m e ric a l a n a ly s i s ,

and an in t e g r a t i o n  o f  th e  work in  n u m e ric a l m ethods and

program m ing.

1 5 . George E . F o rsy th e , ”An U n d erg raduate  C urricu lu m  in  
N um erical A n a ly s is ” , Com m unications o f  th e  ACM 7 , 4 (A p r i l  
1 9 6 4 ), 214 .
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K orfhage [119 ] re c o g n iz e s  th e  s p e c ia l  p la c e  o f lo g ic  in  

th e  e d u c a tio n  o f  a com puter s c i e n t i s t  and p ro p o ses  a sequence 

o f  fo u r  c o u rs e s  i n  th e  a r e a ;  I n t r o d u c t io n  to  Logic and 

A lg o rith m s, L o g ic a l D esig n , M ath em atica l L o g ic , and C o m p u ta b ility  

and A lg o r ith m s .

M u lle r [1 4 1 ] a ls o  a d d re s s e s  th e  problem s o f in tr o d u c in g  

lo g ic  in to  th e  e d u c a t io n a l  program  o f  th e  com puter s c i e n t i s t ,  

b u t he d o es  i t  in  te rm s o f a sequence in  l o g i c a l  d e s ig n  and 

s w itc h in g  th e o ry .  In  a c r i t i q u e  o f  t h i s  p ap er G arn er, w h ile  

re c o g n iz in g  th e  im p o rtan ce  o f  th e  m a te r ia l ,  r a i s e s  a q u e s t io n  

a s  to  w hether th e  m a te r ia l  would be b e t t e r  co v ered  in  an 

i n t e r d i s c i p l i n a r y  ap p ro a ch .

Gorn [8 6 ] ,  w ith  l i t t l e  d is c u s s io n ,  o u t l in e s  a g ra d u a te  

c o u rse  in  m ech an ica l la n g u a g e s .

A tc h iso n  and Hamblen [1 8 ] , in  th e  c o n c lu d in g  a r t i c l e

o f  th e  seq u en ce , c o n s id e r  e x i s t i n g  program s in  com puter

s c ie n c e . A su rv ey  th e y  co n d u cted  in  1963 i d e n t i f i e d  28

such program s w ith  a n o th e r  18 a n t i c i p a t e d . The program s

w ere i d e n t i f i e d  by a v a r i e t y  o f  names in c lu d in g :

Computer S c ien ce  
System s E n g in e e rin g  
System s A n a ly s is  
In fo rm a tio n  P ro c e s s in g  
D ata P ro c e s s in g  
In fo rm a tio n  S c ien ce  
In fo rm a tio n  System s S c ien ce  
Computer O rie n te d  M athem atics 
A pp lied  S c ie n ce s  
A pp lied  M athem atics1^

16". W illiam  F. A tc h iso n  and John  W. Hamblen, " S ta tu s  o f  Computer 
S c ien ce  C u rricu lu m  in  C o lle g e s  and U n iv e r s i t i e s " .  Com m unications 
o f  th e  ACM 7 , 4 ( A p r i l  1 9 6 4 ), 227 .



www.manaraa.com

.50

Computer S c ien ce  was th e  m ost commonly s e le c te d  and th e  one 

f e l t  m ost a p p e a lin g  to  th e  a re a  o f s tu d y . I t  was no ted  

t h a t  th e  program s a ro s e  from  o r were housed in  m ath em atics , 

e n g in e e r in g  ( u s u a l ly  e l e c t r i c a l  b u t o c c a s io n a l ly  i n d u s t r i a l )  

o r  b u s in e s s  a d m in is t r a t io n ,  w ith  th e  m a jo r ity  a s s o c ia te d  

w ith  m a th e m a tic s :

At t h i s  p o in t  in  t im e , m ost e x i s t in g  com puter 
program s have come from  th e  f i r s t  o f  th e s e ,  namely 
m a th e m a tic s . Most o f  th e s e  program s s t i l l  have a v e ry  
s t ro n g  o r i e n t a t i o n  tow ards m a th em atics . Many o f  them 
a r e ,  in  f a c t ,  l i t t l e  d i f f e r e n t  from  a d e g re e  program  
in  n u m e ric a l a n a ly s i s  where th e  com puter h a s  been used  
in  problem  s o lu t io n .  O thers  have developed  to  a p o in t  
w here th e y  have a s tro n g  em phasis in  advanced programming 
and th e  developm ent o f  com puter la n g u ag e s . Some a re  
la y in g  down a b ro a d e r  base  by in c lu d in g  in  t h e i r  p r e ­
p a r a t io n  o f  com puter o r ie n te d  p e rso n n e l such  th in g s  
a s  l o g i c ,  B oolean a lg e b r a ,  th e o ry  o f  au tom ata  and a r t i ­
f i c i a l  i n t e l l i g e n c e .  O thers have a v e ry  s tro n g  em phasis 
on th e  s t a t i s t i c a l  s id e .

There a r e  p eo p le  who co n ten d  t h a t  a f t e r  a l l  com puter 
s c ie n c e  i s  n o th in g  b u t a p o r t io n  o f a p p lie d  m a th em atics . 
There i s  c e r t a i n l y  no q u e s tio n  b u t what th e  r ig o ro u s  
th o u g h t-p ro c e s s e s  t h a t  a re  re q u ire d  in  m athem atics a re  
l ik e w is e  r e q u ire d  in  th e  com puter f i e l d .  T h is i s  n o t 
to  s a y , how ever, t h a t  an  e x c e l l e n t  m ath em atic ian  w i l l  
be a good com puter man o r  c o n v e rs e ly . I t  shou ld  be 
rem arked t h a t  th e r e  a re  m athem atics d e p a rtm en ts  w hich 
a l r e a d y  have o r  a r e  p la n n in g  t o  in c o rp o ra te  some com puter 
t r a i n i n g  in  t h e i r  c a lc u lu s  seq u en ce . The view i s  
f r e q u e n t ly  e x p re sse d  t h a t  some com puter s c ie n c e  w i l l  
c r y s t a l l i z e  o u t o f  m a th em atics , a s  has s t a t i s t i c s .17

In  Septem ber 1967 th e  COSINE Committee o f  th e  Commission

on E n g in e e rin g  E d u ca tio n  p u b lish e d  Computer S c ie n ce s  in

E l e c t r i c a l  E n g in e e rin g  [4 6 ] ,  recommending an u n d e rg ra d u a te

co u rse  program . The r e p o r t  in  condensed form  ap p eared  in

1 7 . I b i d . ,  22 7 .
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th e  March 1968 is s u e  o f  IEEE S pectrum . Though o r i g i n a l l y  

designed  a s  an  enhancem ent o f  an e l e c t r i c a l  e n g in e e r in g  

c u rr ic u lu m , t h i s  r e p o r t  has had im pact on com puter s c ie n c e  

c u r r ic u la  in  g e n e r a l ,  a s  has su b seq u en t work o f  th e  COSINE 

Committee which w i l l  be review ed in  su b seq u en t c h a p te r s .  

Throughout th e  work o f  th e  COSINE Committee l i a i s o n  was 

m ain ta in ed  w ith  C^S th ro u g h  E. J .  McCluskey and W illiam  

V ia v a n t.

The COSINE Committee d id  n o t re g a rd  i t s  m iss io n  a s  

th e  same a s  C^S, and d id  n o t e q u a te  e l e c t r i c a l  e n g in e e r in g  

and com puter s c ie n c e :

C le a r ly  i t  would be u n re a so n a b le  to  eq u a te  com puter 
s c ie n c e s  w ith  e l e c t r i c a l  e n g in e e r in g , o r  to  re g a rd  
i t  a s  a s u b se t o f  th e  l a t t e r .  N e v e r th e le s s , th e  c lo s e  
r e l a t i o n  betw een th e  two i s  p re s e n tin g  th e  e l e c t r i c a l  
e n g in e e r in g  d ep artm en ts  w ith  a s p e c ia l  r e s p o n s ib i l i t y  
f o r  th e  t r a i n i n g  o f  th e  la rg e  number o f  com puter e n g in e e rs  
and s c i e n t i s t s  who would be needed by in d u s t r y ,  governm ent, 
b u s in e s s ,  and e d u c a t io n a l  i n s t i t u t i o n s  in  th e  y ea rs  
a h e a d .18

The r e p o r t  th e n  goes on to  r e f l e c t  on how th e  e x is te n c e  o f 

com puter s c ie n c e  and com puting system s i s  im p ac tin g  in s t r u c t io n  

in  e l e c t r i c a l  e n g in e e r in g :

The em ergence o f com puter s c ie n c e s  a s  a h ig h ly  
im p o rtan t f i e l d  o f  s tu d y , coup led  w ith  th e  grow ing 
s h i f t  in  em phasis in  in fo rm a tio n  p ro c e ss in g  te ch n o lo g y  
from  th e  an a lo g  and co n tin u o u s  to  th e  d i g i t a l  and th e  
d i s c r e t e ,  i s  c r e a t in g  an u rg e n t  need f o r  a m ajor 
r e o rg a n iz a t io n  o f  e l e c t r i c a l  e n g in e e r in g  c u r r i c u l a .
Such a r e o rg a n iz a t io n  m ust, in  th e  f i r s t  p la c e ,  accommodate 
th e  needs o f  s tu d e n ts  who w ish  to  m ajor in  com puter

18. COSINE Com m ittee, Computer S c ien ce  in  E l e c t r i c a l  E n g in ee rin g  
(Commission on E n g in ee rin g  E d u c a tio n , W ashington, D. C .,
Septem ber 1967), p . 5.
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s c ie n c e s  w i th in  e l e c t r i c a l  e n g in e e r in g . Second, i t
must b r in g  in to  b a la n c e  th e  t re a tm e n t o f  co n tin u o u s
and d i g i t a l  sy s tem s , and p ro v id e  a l l  e l e c t r i c a l  e n g in e e r in g
s tu d e n ts  w ith  a background in  d i g i t a l  system s com parable
to  t h a t  w hich th e y  c u r r e n t ly  a c q u ir e  in  co n tin u o u s
sy stem s. T h ird , i t  must r e s u l t  in  a much w id er and
more e f f e c t i v e  u se  o f th e  d i g i t a l  com puter a s  a t o o l
f o r  system  a n a ly s i s  and d e s ig n  in  a l l  e n g in e e r in g  c o u r s e s .19

A ll  th e s e  a r e a s  a r e  a d d re ssed  i n  th e  r e p o r t ,  how ever, th e

Computer S c ien ce  Program  in  E l e c t r i c a l  E n g in ee rin g  i s  o f

p rim ary  i n t e r e s t  to  t h i s  s tu d y .

In  s p e c ify in g  a com puter s c ie n c e  program  in  e l e c t r i c a l

e n g in e e r in g , th e  com m ittee f i r s t  s p e c i f i e s  th e  aim s o f  th e

program :

a )  I t  must p ro v id e  th e  s tu d e n t  w ith  a th o ro u g h  
u n d e rs ta n d in g  o f  com puter system s and t h e i r  u se  t h a t  
i s  based on fu n d am en ta l p r in c ip le s  o f  lo n g  te rm  v a lu e  
r a t h e r  th a n  th e  s a l i e n t  f a c t s  o f  con tem porary  p r a c t i c e .

b )  I t  must g iv e  th e  s tu d e n t  a background in  th e  
r e le v a n t  d i s c r e t e  m athem atics  ( s e t  th e o ry ,  m a th em atica l 
lo g ic ,  and a lg e b r a )  in c lu d in g  f a m i l i a r i t y  w ith  methods 
o f d e d u c tio n  a s  a p p lie d  to  a b s t r a c t  models r e le v a n t
to  th e  f i e l d  o f  c o m p u ta tio n .

c )  I t  must g iv e  th e  s tu d e n t  a c c e s s  to  a v a r i e ty  
o f  s u b je c ts  c o v e r in g  s p e c ia l iz e d  and advanced a s p e c ts  
o f com puter s c ie n c e .

d )  I t  must p ro v id e  th e  s tu d e n t  w ith  s u f f i c i e n t  
t e c h n ic a l  and g e n e r a l  knowledge so t h a t  he can  r e a d i ly  
b roaden  h i s  e d u c a tio n  th ro u g h  c o n tin u in g  s tu d y , and 
rem ain  a d a p ta b le  t o  th e  ch an g in g  demands o f  s o c ie ty  
th ro u g h o u t h i s  p r o f e s s io n a l  l i f e . 20

To m eet th e s e  o b je c t iv e s  a c u rr ic u lu m  i s  su g g es ted  by

s u b je c t  a r e a s .  The s u b je c t  a r e a s  do n o t n e c e s s a r i ly  each

im ply a th r e e  sem e s te r  ho u r c o u r s e :

19. I b i d . ,  p . 6 .

2 0 . I b i d . ,  p . 9 .
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S u b je c t A reas f o r  a Computer S c ien ce  Program  in  E l e c t r i c a l  
E n g in e e r in g ^ !

C atego ry  A: B asic  S u b je c t A reas
A - l . Programming P r in c ip le s
A- 2 . C om putation S t r u c tu r e s
A- 3 . I n t r o d u c t io n  to  D is c r e te  M athem atics
A -4. M achines, Languages and A lgo rithm s

C atego ry  B: Recommended E le c t iv e  S u b je c t A reas
B - l . D i g i t a l  D evices and C i r c u i t s
B -2. S w itch in g  Theory and L o g ic a l D esign
B -3. Programming System s
B -4 . O p e ra tin g  System s
B -5. N um erical Methods
B -6 . O p tim iz a tio n  T echniques
B -7 . C i r c u i t  and System  Theory
B -8 . In fo rm a tio n  Theory and Coding
B -9. F u n c tio n a l A n a ly s is

B -10 . C o m b in a to rics  and A p p lic a t io n s
B - l l . P r o b a b i l i ty  and S t a t i s t i c s
B -12. Symbol M an ip u la tio n  and H e u r is t ic  Programming

A reas A - l , A -2, and A-3 co rresp o n d  to  c o u rse s  B l,

In t r o d u c t io n  t o  Com puting, B2, Computers and Programming 

and B3, In t r o d u c t io n  to  D is c r e te  S t r u c tu r e s  o f "C urricu lum  *68", 

though  th e  d e s c r ip t i o n s  in  th e  COSINE r e p o r t  seem to  in d ic a te  

a somewhat h ig h e r  l e v e l .  A rea A-4 a s  d e sc r ib e d  in  th e  r e p o r t  

co v e rs  much o f  th e  same m a te r ia l  a s  c o u rse s  17 , S e q u e n tia l  

M achines, A l, Form al Languages and S y n ta c t ic  A n a ly s is ,  and 

A7, Theory o f C o m p u ta b ility .

From th e  e l e c t i v e  s u b je c t  a re a s  B-2 co rre sp o n d s  to  co u rse  

16 S w itch in g  T heory , B-3 to  c o u rse s  I I  D ata S t r u c tu r e s  and 

12 Programming Languages, B-5 to  th e  c o u rse s  B4 N um erical 

C a lc u lu s , 18 N um erical A n a ly s is  I  and 19 N um erical A n a ly s is  I I ,  

a re a  B-12 co rre sp o n d s  to  A9 A r t i f i c i a l  I n t e l l ig e n c e  and

2 1 . I b i d . ,  p . 10 .



www.manaraa.com

54

H e u r is t ic  Programming. The c o l l e c t i o n  o f  o th e r  c o u rs e s ,  

c o v e r in g  more e n g in e e r in g  t o p i c s ,  c o v e r 13 Computer O rg a n iz a tio n  

and A2 Advanced Computer O rg a n iz a tio n .

I t  i s  o f  n o te  th e n  t h a t  much o f  th e  m a te r ia l  recommended 

in  th e  COSINE r e p o r t  p a r a l l e l s  t h a t  o f  ’’C urricu lu m  ’68” .

The main d i f f e r e n c e s  a p p ea r in  th e  advanced a r e a s ,  and in  

th e  la c k  o f  a c o u rse  o r  a re a  c o rre sp o n d in g  d i r e c t l y  to  

C om piler C o n s tru c t io n . The c o re  o f  th e  two program s a re  

v i r t u a l l y  th e  same, however th e  work re p o r te d  on by th e  

COSINE Committee does n o t p la c e  th e  a re a  o f D ata S t r u c tu r e s  

in  a s  fu n d am en ta l a p o s i t io n  a s  d id  C^S.

The o th e r  r e p o r t  to  be c o n s id e re d  in  t h i s  group i s  

th e  Recommendations o f  th e  U nderg raduate  M athem atics Program 

f o r  Work in  Computing [3 9 ] ,  p u b lish e d  in  May, 1964 by th e  

£&nel on M athem atics f o r  th e  P h y s ic a l S c ie n ce s  and E n g in e e rin g  

o f  th e  Commission on th e  U n d erg rad u a te  Program  in  M athem atics 

(CUPM).

T h is program  was d esig n ed  t o  enhance a m athem atics m a jo r, 

and came a b o u t from  th e  r e c o g n i t io n  t h a t  many m athem atics 

s tu d e n ts  a re  go ing  in to  some a re a  o f  com puting . T h is  

C om m ittee’s view o f th e  r e l a t i o n s h ip  betw een m athem atics 

and com puter s c ie n c e  i s  s p e c i f i e d :

Out o f  th e  s o lu t io n  o f such  problem s a s  th e s e  
has emerged a f i e l d  o f  s tu d y  c a l l e d  Computer S c ie n c e , 
em bracing  such to p ic s  a s  n u m e ric a l a n a ly s i s ,  th e o ry  
o f program m ing, th e o ry  o f  a u to m a ta , sw itc h in g  th e o ry ,  
e t c .  Computer S c ien ce  i s  c lo s e ly  r e l a t e d  t o  m a th em atics ; 
in d e e d , n u m e ric a l a n a ly s i s  i s  a  b ran ch  o f  t h a t  s u b je c t ,
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w h ile  many o f  th e  problem s a r i s i n g  from  com puters a re  
in t im a te ly  a s s o c ia te d  w ith  q u e s tio n s  in  c o m b in a to r ia l  
m a th em atics , a b s t r a c t  a lg e b r a ,  and sym bolic  l o g i c .
B ut an  even more fu n d am en ta l r e l a t i o n s h i p  a l s o  e x i s t s .
The in h e r e n t  s t r u c tu r e  o f  a com puter f o r c e s  th e  a t te n d e n t  
d i s c i p l i n e s  to  s t r i v e  f o r  th e  ty p e  o f  g e n e r a l i t y ,  a b s t r a c t i o n  
and c lo s e  a t t e n t i o n  to  l o g i c a l  d e t a i l  t h a t  i s  c h a r a c t e r i s t i c  
o f  m a th em atica l a rg u m en ts . R esearch  w orkers  i n  Computer 
S c ien ce  must have a knowledge o f th e  s p i r i t  and te c h n iq u e s  
o f  m a th em atic s . A lthough th e y  do n o t need t o  be m athe­
m a tic ia n s ,  th e y  must th in k  l i k e  m a th e m a tic ia n s .

For th e s e  re a so n s  a u n iv e r s i t y  o r  c o l le g e  o rg a n iz a t io n  
ch arg ed  w ith  th e  r e s p o n s i b i l i t y  f o r  r e s e a r c h  and t r a i n i n g  
in  Computer S c ie n ce  should  be c lo s e ly  l in k e d  to  m athem atics 
w i th in  th e  i n s t i t u t i o n .  ( I t  goes w ith o u t s a y in g  t h a t  
i t  should  a l s o  be c o o rd in a te d  w ith  g roups ch arg ed  w ith  
p ro v id in g  co m p u ta tio n  s e r v ic e s  to  th e  academ ic com m unity .)
I t  i s  t o  th e  combined group  o f  m a th em atic ian s  and com puter 
s c i e n t i s t s  t h a t  we d i r e c t  o u r r e p o r t . 22

The r e p o r t  recommends a th r e e  hour in t r o d u c to r y  c o u rse

in  com puter s c ie n c e  c o v e r in g  th e  d e s c r ip t i o n  o f a com puter,

th e  d e s c r ip t i o n  o f  a  programming la n g u a g e , and problem  s o lv in g .

T h is  c o u rse  would n o t be a p a r t  o f  th e  s ta n d a rd  m athem atics

c u r r ic u lu m , b u t in s te a d  would be th e  base  f o r  a t e c h n i c a l

sequence in  com puter s c ie n c e .  Though n o t d e s c r ib e d  in  a s

much d e t a i l ,  th e  c o u rse  p roposed  c o rre sp o n d s  to  c o u rse  B l,

In t r o d u c t io n  to  Com puting, o f  "C u rricu lu m  ’6 8 " .

W ith t h i s  c o u rse  s p e c i f ie d  th e  r e p o r t  goes on to  recommend

a program  f o r  a m athem atics  m ajor w ith  an  o p tio n  in  com puting :

CUPM Proposed M athem atics Program  w ith  O ption  in  C o m p u tin g ^

A. The in t r o d u c to r y  c o u rse  in  Computer S c ie n ce  i s  a 
R equirem ent (3 sem e s te r  h o u rs )

2 2 . Committee on th e  U n d erg rad u a te  Program  in  M athem atics 
(CUPM), Recommendations o f  th e  U n d erg rad u ate  M athem atics 
Program  f o r  Work in  Computing (CUPM, B e rk e le y , C a l i f o r n ia ,  
May, 1 9 6 4 ), pp. 1^5".

2 3 . I b i d . ,  7 .
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B. R equ ired  m athem atics c o u rse s
1 . B eg inn ing  a n a ly s i s  (12 sem e s te r  h o u rs )
2 . L in e a r  A lgeb ra  (3 sem e s te r  h o u rs )
3 . P r o b a b i l i ty  and s t a t i s t i c s  (3 sem e s te r  h o u rs )
4 .  A lg e b ra ic  s t r u c tu r e s  (3 sem e s te r  h o u rs )
5. Advanced c a lc u lu s  (6 se m e s te r  h o u rs )
6 . N um erical a n a ly s is  (3 s e m e s te r  h o u rs )

C. E le c t iv e s  (3 sem e s te r  hou rs  e a c h ) .  A minimum o f
s ix  sem e s te r  h o u rs . W ith th e  e x c e p tio n  o f  co u rse  8 
(L o g ic ) , th e  I n t r o d u c t io n  to  Computer S c ien ce  i s  
a  p r e r e q u i s i t e  f o r  each  o f  th e  fo llo w in g :
7 . N um erical a n a ly s is
8 . Logic
9. In fo rm a tio n  p ro c e ss in g

10. Machine o rg a n iz a t io n
11. Theory o f  au tom ata
12 . Advanced programming
13. C o m b in a to rics
14 . System s s im u la tio n

I t  can  be seen  t h a t  th e  program  d e s c r ib e d  h e re ,  s e l e c t i n g  

th e  m achine o rg a n iz a t io n  and advanced programming e l e c t i v e s  

would ro u g h ly  co v e r th e  c o re  o f  "C u rricu lu m  '6 8 ” w ith  D ata 

S t r u c tu r e s ,  c o u rse  I I ,  and System s Program m ing, c o u rse  14 

b e in g  th e  n o ta b le  e x c e p t io n s .

Summary

"C urricu lum  '6 8 "  may be seen  a s  an ex p an sio n  and re f in e m e n t

o f  th e  1965 r e p o r t  o f  C^S. The e a r l i e r  r e p o r t  sp e n t a g r e a t  ■

d e a l  more tim e on th e  d e f i n i t i o n  o f  com puter s c ie n c e ,  i t s  

j u s t i f i c a t i o n  a s  a d i s c i p l i n e ,  and i t s  r e l a t i o n s h i p  to  o th e r  

d i s c i p l i n e s ,  e s p e c i a l l y  m a th em atics . The 1965 r e p o r t  was 

n o t th e  f i r s t  n o r l a s t  tim e  th e s e  q u e s t io n s  were a d d re s se d , 

and f u r t h e r  work in  th e s e  a r e a s  a re  covered  by A rsac [1 3 ] ,

Gorn [8 5 , 8 7 ] , Hammer [9 9 , 1 0 0 ], Y o v its  [1 8 9 ] and Zadeh [1 9 0 ] .

The 1965 r e p o r t  o f  C3s can  be seen  a s  som eth ing  o f

an  ou tg row th  o f  a  p a n e l p r e s e n ta t io n  a t  th e  1963 ACM m eeting
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and re p o r te d  in  1964 in  th e  Comm unications o f th e  ACM.

W ith in  th e s e  a r t i c l e s  one f in d s  a d e f i n i t i o n  and s p e c i f i c a t i o n  

o f com puter s c ie n c e ;  co u rse  and program  d e s c r ip t i o n s  em phasiz ing  

th e  f i r s t  c o u rs e , n u m erica l a n a ly s i s ,  lo g ic  and lo g ic  d e s ig n ; 

and d e s c r ip t io n s  o f e x i s t in g  program s in  h ig h e r  e d u c a tio n  in  

th e  U n ited  S t a t e s .  W ith in  th e s e  co u rse  and program  d e s c r ip t io n s  

em phasis was p laced  on th e  r o le  o f programming p r o je c ts  

and e x e r c is e s  a s  an i n t e g r a l  p o r t io n  o f th e  p rogram s, and 

th e  c lo s e  t i e s  o f com puter s c ie n c e  e d u c a tio n  to  m athem atics 

i s  n o te d .

Two o th e r  r e p o r t s  w ere p rep a red  d u r in g  th e  same tim e 

fram e a s  th e  work o f C^S. The COSINE Committee p re se n te d  

a program  w ith in  e l e c t r i c a l  e n g in e e r in g  t h a t  em phasizes 

s u b je c t  a re a s  r a th e r  th a n  s p e c i f i c  c o u rs e s .  CUPM p re s e n ts  

a program  f o r  m ath em atic ian s  d e s i r in g  some ex p o su re  t o  com puter 

s c ie n c e .  In  bo th  c a s e s  th e  program s recommended, w h ile  

d i f f e r i n g  somewhat in  d e t a i l ,  c o n ta in  v i r t u a l l y  th e  same 

m a te r ia l  a s  found in  th e  u n d e rg ra d u a te  program  o f "C urricu lum  

*68". The most n o t ic a b le  e x c e p tio n  i s  t h a t  n e i th e r  th e  work 

o f COSINE no r CUPM p u t th e  em phasis on th e  d a ta  s t r u c tu r e  

a re a  t h a t  i s  found in  "C urricu lum  '6 8 " .
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C h ap te r 4 -  R e la t io n  to  E x is t in g  Programs

To a s s e s s  th e  im pact o f  "C urricu lum  ’68" and th e  a re a s  

r e q u i r in g  a t t e n t i o n ,  s e v e r a l  s tu d ie s  o f  com puter s c ie n c e  

c u r r i c u l a  w i l l  be c o n s id e re d . The f i r s t  o f th e s e  i s  th e  

" In v e n to ry  o f  Computers in  U nited  S ta te s  H igher E d u ca tio n  

1969-70" com pleted in  1972 by th e  Computer S c ien ce  P r o je c t  

o f th e  S o u th e rn  R eg io n a l E d u ca tio n  B oard, u n d er th e  d i r e c t i o n  

o f John Hamblen. The m a te r ia l  c i t e d  h e re  i s  reduced  from  

th e  summarized raw d a ta  o f th e  s tu d y . The su rv ey  i s  re p o r te d  

in  p a r t  in  [9 7 ]  and [9 8 ] , w h ile  [9 6 ]  r e p o r t s  an  e a r l i e r  

s im i la r  su rv e y .

In  t h i s  s tu d y , in fo rm a tio n  r e g a rd in g  th e  o rg a n iz a t io n  

and re s o u rc e s  o f u n iv e r s i t y  com puter c e n te r s  was g a th e re d .

In  a d d i t io n ,  d a ta  were c o l le c te d  on d eg ree  program s in  com puter 

s c ie n c e ,  and on com puter s c ie n c e  c o u rse  o f f e r i n g s .  770 

d eg ree  program s in  com puter s c ie n c e  were l i s t e d  a s  b e in g  

o f f e re d  in  1971-2 . These were l i s t e d  u n d er 13 d i f f e r e n t  

nam es, w ith  o n ly  one u n id e n t i f i a b l e .  286 o r  37.14% o f 

th e s e  program s were o f fe re d  a t  sc h o o ls  g ra n t in g  th e  a s s o c ia te  

d e g re e  a s  t h e i r  h ig h e s t  d e g re e . The g r e a t e s t  number o f 

program s were l i s t e d  u n d e r th e  name o f  com puter s c ie n c e  

(43.34% ) w ith  d a ta  p ro c e s s in g  co m p ris in g  32.60%, though 

th e s e  were p r im a r i ly  a s s o c ia te  d eg ree  program s o f fe re d  a t  

i n s t i t u t i o n s  o f f e r in g  a t  most th e  a s s o c ia te  d e g re e . T ab le  

4 -1  sum m arizes th e  number o f  d eg ree  g ra n t in g  d ep artm en ts  

by name.
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Computer S c ie n c e  R ela ted  D egrees O ffered  1971-2 T able 4 -1

D egree
D epartm ent Name A sso c ia te B a c h e lo r ’s M a s te r’s D o c to ra te T o ta l
Computer E n g in ee rin g 0 2 1 1 4
Computer Programming 41(57) 7 0 1 49(37)
Computer S c ien ce 42(29) 133 100 '"39 33TCF9T
Computer Technology 22X 117 9 5 2 5 b (1 1 )
D ata  P ro c e s s in g 219(205) m ± ) 5 l 251(206)
In to rm a tio n  and 

C o n tro l S c ien ce 0
.

2 3 2 7
In fo rm a tio n  P ro c e s s in g 1 0 U l
In fo rm a tio n  S c ien ce 0 5 10 6 21
In fo rm a tio n  System s 7'C3) l o 6 4 27(3 )
System s A n a ly s is l 3 3 1 8
System s E n g in ee rin g 0 8 12 7 27
System s and

In fo rm a tio n  S c ien ce 0 0 1 1 2
System s S c ien ce 0 1 1)' " 1 2
Unknown u 1 0 0 1

T o ta l 332(285) 208(1) 144 86 770(286)

n o te  -  p a r e n th e s iz e d  q u a n t i t ie s  r e f e r  to  i n s t i t u t i o n s  o f f e r in g  a t  m ost th e  a s s o c ia t e  d egree
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W ith in  th e s e  p rogram s, 9935 d e g re e s  w ere aw arded in  

th e  academ ic y e a r  1970-71 . 5151 o r  51.85% o f th e s e  d e g re e s

were aw arded by i n s t i t u t i o n s  o f f e r in g  a t  most th e  a s s o c ia te  

d e g re e . 56.51% o f th e  d e g re e s  aw arded w ere a s s o c ia t e  d e g re e s ,

2 5.35% b a c h e lo r 's ,  15.54% m a s te r ’s ,  2.60% d o c to r a te s .  D egrees 

aw arded in  1970-71 a r e  g iv e n  in  T ab le  4 -2 .

In  term s o f e n ro llm e n t i n  1969-70 , th e s e  program s acco u n ted  

f o r  a  t o t a l  o f  55,999 s tu d e n t s ;  33 ,447  o r  59.73% o f th e s e  

were e n r o l le d  a t  i n s t i t u t i o n s  o f f e r in g  a t  most th e  a s s o c ia te  

d e g re e . 87.84% o f th e  s tu d e n ts  w ere u n d e rg ra d u a te s , w h ile  

12.16% w ere g ra d u a te  s tu d e n t s .  These f ig u r e s  r e f e r  t o  s tu d e n ts  

e n r o l le d  in  th e  r e s p e c t iv e  m a jo rs . E n ro llm en t f ig u r e s  f o r  

1969-70 , by d e p a r tm e n ta l  t i t l e  a r e  g iv e n  in  T ab le  4 -3 .

The SREB S tudy  c o n s id e r s  c o u rse s  o f f e re d  in  com puter 

s c ie n c e  a r e a s ,  w h e th er th e y  were p a r t  o f  a  d eg ree  program  

o r  n o t .  The fo llo w in g  d e s c r ip to r s  were used  f o r  th e  i d e n t i f i ­

c a t io n  o f  c o u r s e s :1

Computer A p p re c ia tio n
Problem  S o lv in g  i n  th e  H um anities
I n t r o d u c to r y  C ourse in  Some C om piler Language such  • 

a s  FORTRAN, P L /I , BASIC, ALGOL 
In tr o d u c to r y  C ourse in  a  Language such a s  COBOL 
Problem  S o lv in g  C ourse i n  E n g in ee rin g  o r  S c i e n t i f i c  

A p p lic a t io n s  
In t r o d u c to r y  C ourse in  Programming 
Advanced C ourse in  Programming 
F i r s t  C ourse in  Computer D esign  
Advanced C ourse i n  Computer D esign  (Computer 

A r c h i t e c tu r e )
Programming Languages ( S t r u c tu r e ,  e t c . )
O p e ra tin g  System s (System s Program m ing, e t c . )
D ata S t r u c tu r e s  
Autom ata Theory

1 . From th e  i n s t r u c t io n s  f o r  th e  su rv e y  fo rm s.
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D egrees aw arded in  Computer S c ie n ce  and R e la te d  Program s 1970-71______________ T able  4-2

D egree
D epartm ent A sso c ia te B a c h e lo r 's M a s te r 's D o c to ra te T o ta l
Computer E n g in ee rin g 0 11 3 0 14
Computer Programming • 819(697) 32 0 0 851(697)
Computer S c ien ce 435(354) 1537 1249 198 3419(354)
Computer Technology 2 95(123 ') '"I 88 y 2 394(123)
D ata P ro c e s s in g 397I'(3B7U7 395(41) 19 2 4 3 8 /(3 9 1 1 )
In fo rm a tio n  and 

C o n tro l S c ien ce 0 10 3 14 27
In fo rm a tio n  P ro c e s s in g 0 0 0 0 0
in fo rm a tio n  S c ien ce 0 78 66 16 160
In fo rm a tio n  System s 94(64) 133 43 6 276(64)
System s A n a ly s is 0 31 27 0 58
System s E n g in ee rin g 0 149 98 14 261
System  and

In fo rm a tio n  S c ien ce 0 0 27 6 33
System s S c ien ce 0 48 0 0 48
Unknown 0 7 0 0 7

T o ta l 5614(5110) 2519(41) 1544 258 9935(5151)

n o te  -  p a r e n th e s iz e d  q u a n t i t ie s  r e f e r  t o  i n s t i t u t i o n s  o f f e r in g  a t  m ost th e  a s s o c ia t e  d eg ree
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E nrollm ent in  Computer S c ie n c e  R ela ted  D egree Programs 1969-70__________________T able 4 -3
D epartm ent U nderg raduate G raduate
Computer E n g in ee rin g 85 9
Computer Programming 4786(3868) 63(44)
Computer S c ien ce 10909(2428) 4725
Computer Technology 2791(1009) 53
D ata P ro c e s s in g 27712(25551) 159(46)
In fo rm a tio n  and 

C o n tro l S c ien ce 0 585
In fo rm a tio n  P ro c e ss in g 0 0
In fo rm a tio n  S c ien ce 546 240
In fo rm a tio n  System s 1198(501) 241
System s A n a ly s is 120 132
System s E n g in ee rin g 893 402
System s and

In fo rm a tio n  S c ien ce 0 199
System s S c ien ce 75 0
Unknown 76 0

T o ta l 49191(33357) 6808(90)

n o te  -  P a re n th e s iz e d  q u a n t i t i e s  r e f e r  to  i n s t i t u t i o n s  o f f e r in g  a t  most th e  a s s o c ia te  d eg ree
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S im u la tio n  A p p lic a t io n s  (n o n -ec o n o m e tric )
S im u la tio n  Languages a n d /o r  T echniques
A r t i f i c i a l  I n t e l l i g e n c e  ( H e u r is t ic  Programming)
H ybrid Computers
D is c r e te  S t r u c tu r e s
Computer O rg a n iz a tio n
S w itc h in g  Theory
S e q u e n t ia l  M achines
C om piler C o n s tru c tio n
Form al Languages and S y n ta c t ic  A n a ly s is
I n t r o d u c to r y  Computer O rg a n iz a tio n
Advanced Computer O rg a n iz a tio n
In fo rm a tio n  S to ra g e  and R e t r i e v a l
Computer G raph ics
C o m p u ta b ility
In t r o d u c to r y  N um erical A n a ly s is  (o r  m ethods)
Advanced N um erical A n a ly s is
In t r o d u c to r y  O p e ra tio n s  R esearch
Advanced O p e ra tio n s  R esearch
D ata  Comm unications
P ro ce ss  C o n tro l
D ata  P r e p a ra t io n  (Keypunch, v e r i f i e r ,  d a ta  e n t r y ,  . .  
U n it  Record (EAM)
In tr o d u c to r y  C ourse in  D ata P ro c e s s in g  
Advanced C ourse i n  D ata  P ro c e s s in g  
Problem  S o lv in g  C ourse in  B u sin e ss  A p p lic a t io n s  
Advanced B u sin ess  A p p lic a t io n s  (M ark e tin g , F in an ce , 

P ro d u c tio n , e t c . )
In t r o d u c to r y  System s A n a ly s is  (B u s in e ss )
L arge S c a le  In fo rm a tio n  P ro c e s s in g  System s 
F i l e  O rg a n iz a tio n  
D ata  Base Management
In fo rm a tio n  System s D esign  ( I n t r o d u c to r y )
In fo rm a tio n  System s D esign  (Advanced)
Management o f  Computer C e n te rs  and o f  In fo rm a tio n  

P ro c e s s in g  D epartm en ts  
Management In fo rm a tio n  System s 
Com puters and A ccoun ting  ( In c lu d in g  A u d itin g )  
E conom etric  S im u la tio n  A p p lic a t io n s  
O ther
D e s c r ip t io n  n o t coded .

A v a r i e t y  o f  in fo rm a tio n  was g a th e re d  f o r  each  o f  th e  

c o u rs e s  l i s t e d  u n d e r th e s e  d e s c r ip t i o n s .  T h is  d a ta  in c lu d e s  

th e  fo l lo w in g : number o f  tim e s  o f f e re d  in  1969-70 , 1970-71,

and 1971-72; th e  re q u ire m e n t s t a t u s  o f  r e q u ir e d  f o r  m ajo rs 

in  com puter s c ie n c e ,  r e q u ir e d  f o r  m inors in  com puter s c ie n c e ,  

s e r v ic e  c o u rse  f o r  s c ie n c e  m a jo rs , s e r v ic e  c o u rse  f o r
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n o n -sc ie n c e  m a jo rs ; th e  mode o f o p e ra t io n  o f  th e  c o u rse ; 

av erag e  s e c t io n  s iz e  f o r  th e  c o u rs e ;  e n ro llm e n t f o r  1969-70; 

and th e  c o s t  o f  com puting s e r v ic e s  f o r  th e  c o u rs e .

9971 c o u rse s  w ere o f f e re d  o r  on th e  books in  1971-2 .

These c o u rse s  e n ro l le d  a t o t a l  o f  554,499 s tu d e n ts  in  th e  

1969-70 sc h o o l y e a r .  Of th e s e  c o u rse s  2838 o r 28.46% were 

o f f e re d  a t  i n s t i t u t i o n s  o f f e r in g  a t  m ost th e  a s s o c ia t e  d e g re e , 

and c o u rse s  a t  th e s e  i n s t i t u t i o n s  e n ro l le d  177,230 o r 

31.96% o f  th e  s tu d e n ts  in  1969-70.

T able 4 -4  p re s e n ts  th e  d a ta  f o r  th e  c o u rse s  o f  "C urricu lum  

’6 8". T ab le  4 -5  p re s e n ts  th e  d a ta  f o r  c o u rse s  w hich may 

b e s t  be c l a s s i f i e d  a s  s e r v ic e  c o u rs e s .  T ab le  4 -6  p re s e n ts  

th e  d a ta  f o r  c o u rse s  w hich may be c l a s s i f i e d  a s  d a ta  p ro c e ss in g  

c o u rs e s .  T ab le  4 -7  p re s e n ts  th e  d a ta  f o r  c o u rse s  f a l l i n g  

in to  none o f th e  above c l a s s i f i c a t i o n s .

C ourses com parable to  th o se  o f  "C urricu lum  T68" com prised 

52.11% o f  th e  c o u rse s  l i s t e d ,  and e n ro l le d  52.81% o f  th e  

s tu d e n ts  e n ro l le d  in  com puter r e l a t e d  c o u rse s  i n  1969-70.

18.65% o f th e  c o u rse s  co u ld  be grouped u n d e r th e  c a te g o ry  

o f  s e r v ic e  c o u rs e s ,  and th e s e  e n ro l le d  17.34% o f  th e  s tu d e n t s .  

82.00% o f  th e  c o u rse s  were l i s t e d  a s  e i t h e r  3 -4  q u a r te r  

h o u rs  o r  3-4  sem este r h o u rs  c r e d i t .  Only 9.38% o f th e  

re sp o n se s  were c l a s s i f i e d  a s  " o th e r"  o r  " d e s c r ip t io n  n o t 

co d ed " .

In  F a l l  1971, Engel [7 1 ]  conducted  a su rv ey  on th e  im pact 

o f  "C urricu lum  T68” f o r  C^S. C o n c e n tra tin g  on e s ta b l i s h e d  

program s, th e  q u e s t io n a ir e  was c i r c u la t e d  t o  th e  a p p ro x im a te ly
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Course D ata fo r  C ourses o f  "Curriculum  ’68" T able 4 -4
C ourse 

"C urricu lum  ’ 68 ”
O ffered  as  

on books 
71-72

R equ ired  
M ajor CS

R eq u ired  
Minor CS

S e rv ic e
S c ien ce

S e rv ic e  
Non S c ien ce

E nro llm en t
69-70

B l. I n t r o d u c t io n 1778 781 80 487 4 l4 188945
to  C om putingl (633) (412) (12) (91) (63) (41289)
B2. Computers and 728 443 31 146 77 27897
Programming2 (311) (271) (1 ) (18) (9 ) (10830)
B3. I n t r o d u c t io n  
to  D is c r e te  
S t r u c tu r e s

71
(1 )

45
(1 )

6 13 3 1441
(80)

B4. N um erical 
M ethods3

405
(38)

173
(33 )

27 162
(3 )

25 12882
(1645)

11. D ata 
S t r u c tu r e s

146
(8 )

91
(8 )

14 20 14 4190
(480)

1 2 . Programming 
Languages

239
(56)

139
(54)

24 49
(2 )

19 8667
(2128)

13. Computer 221 135 21 31 12 9615
O rganization^- (34 ) (29) (4 ) (1 ) (2382)
14. System s 326 222 19 44 19 11773
Programming 5 (92) (87) (1 ) (1 ) (3 ) (4040)
15. C om piler 
C o n s tru c tio n

' ITS " 
(7 )

83
(7 )

5 26 5 2880
(169)

16. S w itch in g  
Theory

121 66 2 36 3 5219

17. S e q u e n t ia l  
Ma c h in e s

36 14 2 12 0 862

1 8 .-1 9 . N um erical 
A n a ly s is  I  & I l 6

267
(11 )

115
(11)

10 96 12 4187
(230)

A1. Form al 
Languages and 
S y n ta c t ic  A n a ly s is

107
(8 )

66
(7 )

0 15
(1 )

11 1681
(125)
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T able 4 -4  (c o n tin u e d )
C ourse 

"C urricu lum  ’ 68"
O ffered  as  

on books 
71-72

R equ ired  
M ajor CS

R equ ired  
M inor CS

S e rv ic e
S c ien ce

S e rv ic e  
Non S c ien ce

E n ro llm en t
69-70

A2. Advanced
Computer
O rg a n iz a tio n

69 
' (5 )

40
(5 )

3 7 6 1746
(70)

A3. Analog and 
H ybrid Com puting!

46
(1 )

16
(1 )

1 22 0 956
(16)

A4. System  
S im u la tio n s

209
(6 )

89
(6 )

6 56 31 4588
(165)

A5. In fo rm a tio n 76 32 2 16 21 1549
O rg a n iz a tio n  and 
R e t r ie v a l^

(1 ) (1 ) (27)

A6. Computer 
G raph ics

46
(4 )

13
(2 )

3 17
(1)

3 851
(71)

A7. Theory o f 
C o m p u ta b ility

58 33 1 14 2 858

A8. Large S ca le  
In fo rm a tio n

35
(5 )

15
(4 )

0 12 1 553
(196)

P ro c e ss in g  System s
A9. A r t i f i c i a l 77 37 2 16 3 1479
I n te l l ig e n c e  and 
H e u r is t ic

(1 ) (1 ) (8 )

Programming

n o te s  -  1 . C ourse B1 d id  n o t have an  e q u iv a le n t  in  th e  su rv ey  d e s c r i p t o r s .  T h is i s
a co m b in a tio n  o f " In tro d u c to ry  C ourse in  some co m p ile r language such  a s  FORTRAN,
P L /I , BASIC, ALGOL" and " In tro d u c to ry  C ourse in  Program m ing".
2 . C ourse B2 d id  n o t have an e q u iv a le n t  in  th e  su rv ey  d e s c r i p t o r s . T h is i s  
f o r  "Advanced C ourse in  Program m ing".
3 . L is te d  u n d er " In tro d u c to ry  N um erical A n a ly s is  (o r  M ethods)".
4 . Combined "Computer O rg a n iz a tio n "  and " In tro d u c to ry  Computer O rg a n iz a tio n " .
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T able 4 -4  (c o n tin u e d )

5. L is te d  u n d e r "O p era tin g  System s (System s Programming e t c . ) " .
6 . Not l i s t e d  a s  two c o u rse s  o n ly  "Advanced N um erical A n a ly s is " .
7 . L is te d  u n d e r "H ybrid C om puters” .
8 . C ourse A4 d id  n o t have an  e q u iv a le n t  in  th e  su rv ey  d e s c r i p t o r s .  T h is  i s  
a co m b in a tio n  o f  "S im u la tio n  A p p lic a t io n s  (n o n -e c o n o m e tr ic )" , and "S im u la tio n  
Languages and T ech n iq u es" .
9 . L is te d  u n d e r " In fo rm a tio n  S to rag e  and R e t r i e v a l " .

P a re n th e s iz e d  q u a n t i t i e s  r e f e r  t o  m a te r ia l  on i n s t i t u t i o n s  o f f e r in g  a t  most 
th e  a s s o c ia te  d e g re e .
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Course Data f o r  S e r v ic e  C ourses T able 4 -5
C ourse

D e s c r ip to r
O ffered  a s  

on books 
71-72

R equ ired  
M ajor CS

R equ ired  
Minor CS

S e rv ic e
S c ien ce

S e rv ic e  
Non S c ien ce

E n ro llm en t
69-70

Computer 208 50 10 26 114 18112
A p p re c ia tio n (56 ) (21) (3 ) (1 ) (29 ) (6350)
Problem  S o lv in g  
in  H um anities

88
(1 )

8 1 21 55
(1 )

2318
(41)

I n tr o d u c to r y  C ourse 456 310 7 33 100 27410
in  a  language such 
a s  COBOL

(273) (247) (6 ) (18 ) (16137)

Problem  S o lv in g 456 91 7 297 41 18664
C ourse in  
E n g in ee rin g  o r  
S c i e n t i f i c  
A p p lic a t io n s

(71) (32) (36 ) (3 ) (2364)

Problem  S o lv in g 228 129 6 16 71 12212
C ourse in  B usiness 
A p p lic a t io n s

(115) (96 ) (1 ) (5 ) (11 ) (4102)

Advanced B usiness 
A p p lic a t io n s  
(M ark e tin g , F in an ce , 
P ro d u c tio n , e t c . )

95
(30)

48
(27 )

2 10 25
(2 )

3752
(739)

In tro d u c to ry  
System s A n a ly s is  
(B u s in e ss )

257
(154)

196
(145)

6 8 44
(9 )

9987
(5534)

Computers and 
A ccoun ting  
( in c lu d in g  a u d i t in g )

46
(12 )

15
(8 )

4 2 23
(4 )

2377
(411)

Econom etric
S im u la tio n
A p p lic a t io n s

26
(3 ) ( 3 ,

0 7 11 1320
(75)

n o te  -  P a re n th e s iz e d  q u a n t i t i e s  r e f e r  to  i n s t i t u t i o n s  o f f e r in g  a t  most th e  a s s o c ia t e  d eg ree
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Course D ata fo r  Data P r o c e ss in g  C ourses T able 4 -6
C ourse

D e s c r ip to r
O ffered  a s  

on books 
71-72

R equ ired  
M ajor CS

R equ ired  
Minor CS

S e rv ic e
S c ien ce

S e rv ic e  
Non S c ien ce

E n ro llm en t
69-70

D ata P r e p a ra t io n 65 31 2 6 27 6358
(keypunch, 
v e r i f i e r ,  d a ta  
e n t r y , . . . )

(56 ) (27 ) (2 ) (6 ) (22 ) (3615)

U n it R ecord (EAM) 196 144 2 4 44 14889
(151) (126) (2 ) (3 ) (19 ) (12165)

I n tr o d u c to r y 457 246 12 25 191 77538
C ourse in  
D ata  P ro c e ss in g

(246) (190) (2 ) (6 ) (51 ) (47108)

Advanced C ourse in 109 61 3 18 24 5399
D ata P ro c e ss in g (42 ) (31 ) (3 ) (5 ) (2148)

n o te  -  P a re n th e s iz e d  q u a n t i t i e s  r e f e r  to  i n s t i t u t i o n s  o f f e r in g  a t  most th e  a s s o c ia te  d eg ree
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Course D ata f o r  Other C ourses T able 4 -7
Course

D e s c r ip to r
O ffe red  a s  

on books 
71-72

R equ ired  
M ajor CS

R equired  
M inor CS

S e rv ic e
S c ien ce

S e rv ic e  
Non S c ien ce

E n ro llm en t
69-70

F i r s t  C ourse in 135 73 10 43 6 5697
Computer D esign (15) (13) (1 ) (1 ) (1 ) (823)
Advanced C ourse in 88 43 6 22 3 2515
Computer D esign (1 ) (1 ) (50)
(Computer
A r c h i t e c tu r e )
Autom ata Theory 131 75 5 31 2 2121

(1 ) (1 ) (250)
Advanced Computer 69 40 3 7 6 1746
O rg a n iz a tio n (5 ) (5 ) (70 )
I n tr o d u c to r y 140 59 6 50 22 6687
O p era tio n s  R esearch (13) (12) (1 ) (407)
Advanced 77 32 4 29 6 1307
O p era tio n s  R esearch (3 ) (2 ) (1 ) (94)
D ata Comm unications 44 21 3 14 5 1406

(11) (7 ) (2 ) (2 ) (344)
P ro cess  C o n tro l 39 18 1 " 16 2 959

(6 ) (6 ) (212)
F i l e  O rg a n iz a tio n 24 17 2 3 1 615

(8 ) (8 ) (192)
D ata Base 18 10 0 1 5 682
Management (5 ) (5 ) (92)
In fo rm a tio n 140 101 3 12 22 4408
System s D esign (65) (64) (1 ) (2302)
( I n t r o d u c to r y )
In fo rm a tio n 92 69 1 9 12 1957
System s D esign (40) (38) (1 ) (893)
(A dvanced)
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T able 4 -7  (c o n tin u e d )
C ourse

D e s c r ip to r
O ffe red  a s  

on books 
71-72

R equired  
M ajor CS

R equ ired  
Minor CS

S e rv ic e
S c ien ce

S e rv ic e  
Non S c ien ce

E n ro llm en t
69-70

Management
In fo rm a tio n
System s

103
(23)

49
(22)

4 11 37
(1 )

4195
(589)

Management o f 53 40 1 3 7 1614
Computer C en te rs  
o r  In fo rm a tio n  
P ro c e ss in g  
D epartm ents

(29) (27) (1 ) (1 ) (688)

n o te  -  P a re n th e s iz e d  q u a n t i t i e s  r e f e r  to  i n s t i t u t i o n s  o f f e r in g  a t  m ost th e  a s s o c ia te  d eg ree
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50 i n s t i t u t i o n s  o f f e r in g  a Ph. D. in  Computer S c ien ce  w hich 

ap p ea red  on th e  so c a l l e d  ’'F o rsy th e  L i s t ” . Of th e s e  tw e n ty -s ix  

re sp o n d ed . The m a te r ia l  re q u e s te d  c o n c e n tra te d  p r im a r i ly  on 

th e  r e l a t i o n s h ip  o f e x i s t i n g  c o u rse s  to  "C urricu lum  ’68” , 

and by no means a tte m p te d  t o  d e te rm in e  th e  b road  view  o f 

com puting in  Am erican C o lle g es  and U n iv e r s i t i e s  t h a t  was 

a tte m p te d  in  th e  Hamblen s tu d y .

The f i r s t  a re a  in  which re sp o n se  was re q u e s te d  was in  

a  c o u rse  by co u rse  com parison  o f th e  c u rr ic u lu m  o f th e  

sch o o ls  to  "C urricu lum  ’6 8 " . T h is d a ta  i s  shown in  T able  4 -8 .

Tw enty-one re sp o n se s  w ere g iv e n  to  th e  q u e s t io n  o f 

w hether o r  n o t th e  p r e r e q u i s i t e  s t r u c t u r e  shown i n  "C urricu lum  

’68” i s  a d e q u a te . N in e teen  responded  t h a t  i t  w as, w h ile  o n ly  

two in d ic a te d  i t  was n o t ,  w ith  one o f th e s e  sa y in g  th e  program  

was " to o  h e a v i ly  o r ie n te d  t o  n u m e ric a l p r e r e q u i s i t e s " .

Comments w ere re q u e s te d  f o r  s u g g e s tio n s  f o r  change 

in  "C urricu lum  '6 8 " . Two w ere n e g a tiv e :

"Not s u i t a b l e  f o r  o u r c o u rse s  w hich r a th e r  d iv id e  
th e  s u b je c t  d i f f e r e n t l y . "

"The ACM i s  t o t a l l y  u n im a g in a tiv e , I  do n o t l i k e  i t . " 2

The o th e r  comments re c e iv e d  s u p p lie d  more s p e c i f i c  

s u g g e s tio n s  f o r  change:

"Al (w a te red  down) sho u ld  be a  p r e r e q u i s i t e  f o r  1 5 ."
"One y e a r  o f  c a lc u lu s  b e fo re  s t a r t i n g  th e  com puter 

s c ie n c e  n a j o r . "
"A few of th e  d e f i n i t e  p r e r e q u i s i t e s  c o u ld  be 

re p la c e d  by d e s i r a b le  p r e r e q u i s i t e s . "

T .  G erald  L. E n g e l, " In p u t From ACM C urricu lu m  Committee 
on Computer S c ie n c e " , SIGCSE B u l le t in  3 , 4 (December 1 9 7 1 ), 3 1 .
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R e la t io n  o f  C ourses in  E x is t in g  Programs t o  C ourses o f  "Curriculum '6 8 ”3______T able 4 -8
C ourse O ffe red  a s  

S p e c if ie d
S im ila r
C ourse
O ffe red

Not
O ffered

Comments

B1. In t r o d u c t io n  to  
Computing

9 16 1

B2. Com puters and 
Programming

8 15 3

B3. I n t r o d u c t io n  to  
D is c r e te  S t r u c tu r e s

6 13 7 Two had c o u rse  a v a i l a b le  
in  m a th em atics , one had 
c o u rse  a v a i l a b le  in  EE

B4. N um erical 
C a lcu lu s

7 13 6 Three had c o u rse  
a v a i l a b le  in  m athem atics

11 . In fo rm a tio n  
S tr u c tu r e s

9 15 2

12. Programming 
Languages

5 17 4 One p lanned

13. Computer 
O rg a n iz a tio n

5 17 4 One p la n n ed , one had 
c o u rse  a v a i l a b le  in  EE

1 4 . System s 
Programming

4 20 2

15. Computer 
C o n s tru c t io n

8 18 0

16 . S w itch in g  Theory 6 8 12 E ig h t had c o u rse  
a v a i l a b le  in  EE

17 . S e q u e n tia l  
M achines

4 12 10 Three had c o u rse  
a v a i l a b le  in  EE, one 
p lanned

1 8 . N um erical 
A n a ly s is  I

8 15 3 T hree had c o u rse  
a v a i l a b le  in  m athem atics

3 . I b i d . ,  3 0 -3 1 .
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T able 4 -8  (co n tin u e d )
C ourse O ffe red  a s  

S p e c if ie d
S im ila r
Course
O ffered

Not
O ffered

Comments

1 9 . N um erical 
A n a ly s is  I I

7 15 4 T hree had c o u rse  
a v a i l a b le  in  m athem atics

A l. Form al Languages 
and S y n ta c t ic  A n a ly s is

5 18 3

A2. Advanced Computer 
O rg a n iz a tio n

2 18 6 One had c o u rse  o f fe re d  
in  EE

A3. A nalog and Hybrid 
Computing

1 4 2 l Seven had c o u rse  o f fe re d  
in  EE, fo u r  d id  n o t have 
n e c e s sa ry  equ ipm en t, one 
d id  n o t have n e c e s sa ry  
s t a f f

A4. System  
S im u la tio n

1 12 13 One had c o u rse  o f fe re d  
in  EE, two had c o u rse  
o f f e re d  in  o p e ra t io n s  
r e s e a r c h ,  one had c o u rse  
o f f e re d  i n  IE , fo u r  d id  
n o t have n e c e s sa ry  s t a f f

A 5. In fo rm a tio n  
O rg a n iz a tio n  and 
R e t r ie v a l

4 13 9 Two d id  n o t have 
n e c e s sa ry  s t a f f ,  one had 
co u rse  o f f e re d  in  
L ib ra ry  Schoo l

A6. Computer G raph ics 3 7 16 One had c o u rse  o f f e re d  
in  EE, two d id  n o t have 
n e c e s sa ry  equ ipm en t, two 
d id  n o t have n e c e s sa ry  
s t a f f

A7 . Theory o f  
C o m p u ta b ility

1 24 1
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T able 4 -8  (co n tin u e d )
C ourse ; O ffe red  a s  

S p e c if ie d
S im ila r
C ourse
O ffered

Not
O ffered

Comments

A8. L a rg e -S c a le  
In fo rm a tio n  
P ro c e s s in g  System s

1 9 16 Two p la n n ed , two d id  n o t 
have n e c e s sa ry  s t a f f

A9. A r t i f i c i a l  
I n t e l l i g e n c e  and 
H e u r is t ic s

5 16 5 One had c o u rse  o f f e re d  
in  EE
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,TI1  shou ld  p reced e  12 , I I  i s  n o t needed f o r  A l ."
"Do n o t need B1 a s  a p r e r e q u i s i t e  f o r  B 3 ."
"D e le te  B3. I t  i s  n o t c l e a r  why t h i s  shou ld  be 

a s p e c i f i c  p r e r e q u i s i t e  to  any c o u rs e .  We h a v e n ’t  
needed 16 and 1 7 ."

"See no re a so n  to  have I I  a s  a re q u ire d  p r e r e q u i s i t e  
o f  A l, even  though  i t  may be d e s i r a b l e . "

"A5 shou ld  c o n c e n tr a te  on f i l e  o r g a n iz a t io n ,  i t  
would th e n  r e q u i r e  14 a s  a p r e r e q u i s i t e ."4

Of th e  tw e n ty - s ix  i n s t i t u t i o n s ,  fo u r te e n  o f f e re d  u n d e r­

g ra d u a te  d e g re e s  in  com puter s c ie n c e .  A l l  f o u r te e n  o f  th e  

i n s t i t u t i o n s  re q u ire d  c o u rse  B1 f o r  an u n d e rg ra d u a te  m a jo r, 

and a l l  b u t  one re q u ire d  B2. The r e s t  o f  th e  c o u rs e s  l i s t e d  

i n  th e  " c o re "  o f  "C u rricu lu m  ’68" were r e q u ir e d  i n  a t  l e a s t  

h a l f  th e  program  w ith  B3 re q u ire d  a t  e ig h t  i n s t i t u t i o n s ,

B4 re q u ir e d  a t  n in e  i n s t i t u t i o n s ,  I I  r e q u ire d  a t  e ig h t  i n s t i t u ­

t i o n s ,  12 r e q u ire d  a t  t e n  i n s t i t u t i o n s ,  13 r e q u ir e d  a t  seven  

i n s t i t u t i o n s  and 14 re q u ire d  a t  e ig h t  i n s t i t u t i o n s .  Of t h i s
I

e ig h t  c o u rse  c o re  o n ly  one i n s t i t u t i o n  r e q u ire d  a l l  e i g h t ,  

and o n ly  one re q u ire d  j u s t  one o f  th e  c o u rs e s .  Two re q u ire d  

f o u r ,  two re q u ire d  f i v e ,  f iv e  r e q u ire d  s ix ,  and two re q u ire d  

se v e n . The o th e r  c o u rs e s  l i s t e d  in  "C u rricu lu m  '6 8 "  ap p eared  

a s  re q u ire m e n t to  a l e s s e r  d e g re e : 15 ap p ea red  f o u r  t im e s ,

16 f o u r  t im e s ,  17 o n ce , 18 fo u r  t im e s , 19 tw ic e ,  A1 tw ic e ,

A3 o n ce , A4 o n ce , A5 once , A8 o n ce , and A9 o n ce . Only A2 - 

Advanced Computer O rg a n iz a tio n , A6 -  Computer G ra p h ic s , and 

A7 -  Theory o f  C o m p u ta b ility  f a i l e d  t o  a p p ea r a s  u n d e rg ra d u a te  

r e q u ir e m e n ts .

"C u rricu lu m  ’68" su g g es te d  c o u rse s  in  c a lc u lu s ,  d i f f e r e n t i a l

4 .  I b i d . ,  3 1 .
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e q u a t io n s ,  l i n e a r  a lg e b r a ,  and p r o b a b i l i t y .  Twelve o f  th e  

i n s t i t u t i o n s  r e q u ire d  c a lc u lu s  f o r  an u n d e rg ra d u a te  m ajo r, 

e ig h t  r e q u ire d  d i f f e r e n t i a l  e q u a t io n s ,  n in e  re q u ire d  l i n e a r  

a lg e b r a ,  and f iv e  re q u ire d  p r o b a b i l i t y .  V arious o th e r  

m athem atics was r e q u i r e d ;  th r e e  r e q u ire d  s t a t i s t i c s ,  one 

l o g i c ,  and two advanced c a lc u lu s .  S ix  r e q u ire d  advanced 

a lg e b r a ,  b u t o f  th e se  s ix ,  fo u r  d id  n o t r e q u i r e  c o u rse  B3 

i n  th e  re q u ire m e n ts  f o r  th e  m ajo r.

A l l  o f  th e  i n s t i t u t i o n s  recommended some form  o f t e c h n ic a l  

e l e c t i v e s  f o r  com puter s c ie n c e  m a jo rs . The most common 

s i t u a t i o n ,  o c c u r r in g  a t  s ix  i n s t i t u t i o n s ,  was f o r  t h i s  m a tte r  

to  be d e te rm in ed  by th e  s tu d e n t  and h i s  a d v is o r .  M athem atics 

was recommended a s  a t e c h n ic a l  e l e c t i v e  a t  fo u r  i n s t i t u t i o n s ,  

s t a t i s t i c s  a t  o ne , e l e c t r i c a l  e n g in e e r in g  a t  f i v e ,  i n d u s t r i a l  

e n g in e e r in g  a t  tw o, p h ilo so p h y  a t  o ne , p h y s ic s  a t  tw o , b u s in e s s  

a t  tw o , econom ics a t  one , a d d i t i o n a l  com puter s c ie n c e  a t  

f o u r ,  and l i n g u i s t i c s  a t  t h r e e .

The q u e s t io n  was posed a s  to  w hat programming languages 

m ust be le a rn e d  in  th e  u n d e rg ra d u a te  program . One i n s t i t u t i o n  

resp o n d ed  i t  was n o t im p o r ta n t. Of th e  o th e r  t h i r t e e n ,  

a p p ro x im a te ly  fo u r  lan g u ag es  were r e q u ire d  a s  an  av erag e  

( t h i s  in c lu d e s  assem bly  and m achine la n g u a g e ) . T h ir te e n  

re q u ire d  FORTRAN, te n  an a s se m b le r , e ig h t  ALGOL, f iv e  SNOBOL, 

f iv e  P L /I , th r e e  COBOL, two BASIC, one APL, one LISP, and 

one a m achine la n g u ag e .

T w en ty -th ree  o f  th e  i n s t i t u t i o n s  in d ic a te d  th e y  o f f e re d
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s e r v ic e  c o u r s e s .  Three d e p a rtm en ts  o f f e re d  o n ly  one s e r v ic e  

c o u rs e , s ix  d e p a rtm en ts  o f fe re d  tw o, s ix  o f f e re d  th r e e ,  

s ix  o f f e re d  f o u r ,  one o f f e re d  sev en , and one o f f e re d  e le v e n .

Among s e r v ic e  c o u rse s  o f f e re d  were th e  fo llo w in g  t i t l e s :

Survey  o f  Computer S c ien ce  
In t r o d u c t io n  to  Computer S c ien ce  
A lg o rith m ic  Approach to  Computing 
Com puters and S o c ie ty
In t r o d u c t io n  to  Computing f o r  B u sin e ss  S tu d e n ts  
N on-num erical Programming 
H ybrid Computing
H igher L evel Languages and T h e ir  A p p lic a t io n s  
Machine O rg a n iz a tio n  and Programming 
Programming f o r  E n g in ee rs
Programming f o r  th e  B io lo g ic a l  and A g r ic u l tu r a l  

S c ie n ce s
Programming f o r  S tu d e n ts  w ith o u t M ath em atica l 

Background 
N um erical Methods f o r  E n g in ee rs  
Programming f o r  S o c ia l  S c ien ces  
I n t r o d u c t io n  to  Computing f o r  th e  H um anities 
In fo rm a tio n  S to rag e  and R e t r ie v a l  
D ata P ro c e ss in g s

F in a l ly ,  q u e s tio n s  were r a i s e d  ab o u t th e  m a s te r 's  

program . T w en ty -fiv e  i n s t i t u t i o n s  responded  t o  th e s e  i n q u i r i e s .

In  g e n e r a l ,  ad m issio n s  to  th e  m a s te r 's  program  re q u ire d  

a b a c h e lo r ’s d eg ree  w ith  a B a v e ra g e . Twelve i n s t i t u t i o n s  

l i s t e d  s p e c i f i c  com puter s c ie n c e  c o u rse s  f o r  e n tr a n c e ,  w ith  

one i n s t i t u t i o n  r e q u i r in g  a m a jo r. Of th o s e  n o t r e q u i r in g  

a  m ajo r, th e  re q u ire m e n ts  ranged  from  two to  f iv e  com puter 

s c ie n c e  c o u rs e s .  T h ir te e n  i n s t i t u t i o n s  made s p e c i f i c  m athem atics 

re q u ire m e n ts , th e  u s u a l  b e in g  a c a lc u lu s  seq u en ce , l i n e a r  

a lg e b r a ,  and s e le c te d  advanced c o u rs e s .

W hile th e  above r e p r e s e n ts  th e  minimum e n tra n c e  re q u ire m e n ts ,

5. I b i d . ,  3 6 .
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th e  q u e s t io n  was a l s o  r a i s e d  a s  to  w hat th e  " u su a l"  background 

was f o r  s tu d e n ts  e n te r in g  th e  program . The " u su a l"  background 

in d ic a te d  was a b a c h e lo r ’s d e g re e  in  m a th em atics , e l e c t r i c a l  

e n g in e e r in g , o r  one o f  th e  p h y s ic a l  s c ie n c e s . Four i n s t i t u t i o n s  

in d ic a te d  a b a c h e lo r ’s d e g re e  in  com puter s c ie n c e  was "norm al" 

and a lm o s t a l l  th e  i n s t i t u t i o n s  in d ic a te d  a t  l e a s t  two c o u rse s  

in  com puter s c ie n c e  was " u s u a l" .

A l i s t i n g  o f  th e  c o re  re q u ire m e n ts  f o r  th e  m a ste r  program  

was a l s o  r e q u e s te d .  The answ ers w ere to o  d iv e r s e  f o r  

s t a t i s t i c a l  i n t e r p r e t a t i o n ,  and a re  in d iv id u a l ly  l i s t e d  in  

t a b le  4 -9 .

W alker [1 8 1 ] conducted  a su rv ey  o f  com puter s c ie n c e  

d ep a rtm en ts  in  th e  F a l l  o f  1972. Q u e s tio n a ire s  were c i r c u la t e d  

to  493 s c h o o ls  in  th e  U n ited  S ta te s  and Canada a sk in g  a b o u t 

v a r io u s  a s p e c ts  o f  th e  com puter s c ie n c e  c u r r i c u l a .  A pprox im ate ly  

60% responded  w ith  158 re sp o n d in g  to  q u e s tio n s  on th e  u n d e r­

g ra d u a te  program , 95 on th e  m a s te rs  program  and 58 on d o c to r a l  

p ro g ram s.

To g iv e  some p e r s p e c t iv e  t o  th e  r e s u l t s  th e  ty p e  o f 

i n s t i t u t i o n  was asked  on th e  q u e s t io n a i r e :

ty p e  o f  i n s t i t u t i o n 6 
j u n io r  c o lle g e  
v o c a t io n a l  sch o o l 
fo u r  y e a r  c o l le g e  
C o lleg e  o f f e r in g  a  l im ite d

% re sp o n d in g  
1 
0 

15

amount o f  g ra d u a te  work 
U n iv e r s i ty

18
66

6~. T e rry  M. W alker, "Computer S c ien ce  C u r r ic u la  S u rv ey " , 
SIGCSE B u l le t in  5, 4 (December 1 9 7 3 ), 28 .
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Core C ourses o f  M a ster 's  Program? T able 4 -9
I n s t i t u t i o n R equirem ents

1 No s p e c i f i c  r e q u ire d  c o u rse s
2 Programming la n g u a g e s , n u m e ric a l a n a ly s i s ,  com puter d e s ig n ,  lo g ic  and 

c o m p u ta tio n a l th e o ry ,  and system s
3 V a rie s
4 Machine o rg a n iz a t io n ,  in t r o d u c t io n  t o  s e q u e n t ia l  m ach ines, advanced 

programming te c h n iq u e s , n u m e ric a l a n a ly s i s ,  n o n -n u m erica l a lg o r ith m s
5 H ardw are, n u m e ric a l a n a ly s i s ,  com puters and program m ing, sw itc h in g  

th e o ry
6 No s p e c i f i c  c o re
7 A r t i f i c i a l  i n t e l l i g e n c e ,  fu n d am en ta ls  o f  com puter m a th em atics , th e o ry  

o f co m p u ta tio n , programming sy s tem s , com puter system s
8 N um erical a n a ly s i s ,  th e o ry  o f  c o m p u ta tio n , d a ta  s t r u c t u r e s ,  system s 

program m ing, c o m p ile r  c o n s t r u c t io n
9 U n d erg rad u ate  program  p lu s  sy s tem s , com puter lan g u ag es  and in fo rm a tio i 

p ro c e s s in g
10 N um erical a n a ly s i s ,  com puter o rg a n iz a t io n ,  in t r o d u c t io n  to  

l i n g u i s t i c s ,  in fo rm a tio n  s to ra g e  and r e t r i e v a l ,  system s program m ing, 
e n g in e e r in g , p sychology

11 C om pilers and com puter la n g u a g e s , a lg o r i th m  s p e c i f i c a t i o n ,  
c o m p u ta b il i ty ,  su rv e y  o f  com puter a lg o r ith m s

12 None l i s t e d
13 N um erical s o lu t io n  o f  d i f f e r e n t i a l  e q u a t io n s ,  n u m e ric a l l i n e a r  

a lg e b r a ,  advanced lan g u ag e  s t r u c tu r e  and th e o ry ,  advanced hardw are 
c o n ce p ts

14 Programming sy s tem s , lo g ic  and c o m p u ta b i l i ty ,  s w itc h in g  th e o ry , 
co m p ile r d e s ig n , system s th e o ry ,  o p e ra t io n s  r e s e a r c h ,  e v a lu a t io n  o f 
com puter system s

7 . G erald  L . E n g e l, " In p u t From ACM C u rricu lu m  Committee on Computer S c ie n c e " , 
SIGCSE B u l le t in  3 , 4 (December 1 9 7 1 ), 35 -3 6 .
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Table 4 -9  (c o n tin u e d )
I n s t i t u t i o n R equirem ents

15 S w itch in g  th e o r y ,  com puter o r g a n iz a t io n ,  c o m p ile r  c o n s t r u c t io n ,  theory  
o f  c o m p u ta tio n , n u m e ric a l a n a ly s is

16 D ata s t r u c t u r e s ,  programming la n g u a g e s , com puter o r g a n iz a t io n ,  th e o ry  
o f  c o m p u ta b i l i ty ,  n u m e ric a l a n a ly s is

17 None l i s t e d
18 Modern a lg e b ra  f o r  e n g in e e r in g , n u m e ric a l a n a l y s i s ,  programming 

system s d e s ig n ,  th e o ry  and d e s ig n  o f d i g i t a l  m achines
19 S w itch in g  th e o r y ,  s e q u e n t ia l  m ach ines, fo rm a l la n g u a g e s , system s 

program m ing, advanced com puter o rg a n iz a t io n ,  programming la n g u ag e s , 
co m p ile r c o n s t r u c t io n

20 Program m ing, s t r u c t u r e s ,  a u to m a ta , a r t i f i c i a l  i n t e l l i g e n c e
21 D ata r e p r e s e n ta t io n  and m a n ip u la tio n , d a ta  p ro c e ss in g  and f i l e  

management, programming sy s tem s , so ftw a re  e n g in e e r in g  la b o r a to r y ,  
n u m e ric a l a n a ly s is

22 Two o f  fo u r  c o u rse s  in  th r e e  o f  th e  fo llo w in g  a r e a s :  n u m e ric a l 
a n a ly s i s ,  language and in fo rm a tio n  p ro c e s s in g , com puter sy stem s, 
th e o ry  o f  com puting

23 C ontinuous sy stem s, d i s c r e t e  sy s tem s , o p t im iz a t io n  and e v a lu a t io n ,  
s t r u c tu r e  o f  a lg o r i th m ic  la n g u a g e s , com puter system s

24 D ata s t r u c t u r e s ,  programming la n g u a g e s , co m p ile r c o n s t r u c t io n ,  
o p e ra t in g  sy s te m s , in fo rm a tio n  r e t r i e v a l ,  th e o ry  o f  com puting , 
n u m e ric a l a n a ly s is

25 Computer system s and o r g a n iz a t io n ,  language t r a n s l a t i o n  and co m p ile r 
c o n s t r u c t io n ,  l i s t  p ro c e s s in g  and s t r i n g  m a n ip u la tio n  lan guages
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The re sp o n d e n ts  were a l s o  asked  to  r e f l e c t  on th e  u s e f u ln e s s  

o f  th e  r e p o r t s  o f  th e  ACM C u rricu lu m  Com m ittee:

In  r e g a rd s  t o  c o u rse s  in fo rm a tio n  was re q u e s te d  on th e  

fo llo w in g  t i t l e s .  D e s ig n a tio n s  in  p a re n th e s e s  a r e  th e  c o rre sp o n d ­

in g  c o u rse s  o f  ’’C u rricu lu m  ’68” , w ith  M r e f e r r i n g  to  m athem atics

Computer A p p re c ia tio n  
In t r o d u c t io n  to  D ata P ro c e s s in g  
I n t r o d u c t io n  to  Computer S c ien ce  (B l) 
C a lcu lu s  (M)
D i f f e r e n t i a l  E q u a tio n s  (M)
L in e a r  A lgebra  (M)
D is c r e te  S t r u c tu r e s  (B3)
P r o b a b i l i ty  and S t a t i s t i c s  (M) 
O p e ra tio n s  R esearch
Machine a n d /o r  Assem bly Language (B2) 
D ata S t r u c tu r e s  ( I I )
Computer O rg a n iz a tio n  and D esign  (13) 
Programming Languages (12)
N um erical A n a ly s is  (18)
Advanced N um erical A n a ly s is  (19) 
C om piler C o n s tru c t io n  (15)
In fo rm a tio n  Theory and Coding
Com puters and S o c ie ty
O p e ra tin g  System s and D esign  (14)
In fo rm a tio n  R e t r ie v a l
H is to ry  o f  Computer S c ien ce
T im e-sh a rin g  System s D esign
Symbol M an ip u la tio n  and Text P ro c e s s in g
S im u la tio n  and M odeling (A4)
Computer G rap h ics  (A6)
P ro cess  C o n tro l 
R e a l- t im e  System s D esign  
D ata P ro c e s s in g  and F i l e  Management 
Computer C en te r  A d m in is tra t io n

8 . T e rry  M. W alker, ’’Computer S c ien ce  C u r r ic u la  S u rv ey ” , 
SIGCSE B u l le t in  5, 4 (December 1 9 7 3 ), 28 .

9. I b i d . ,  20 .

U se fu ln e ss  o f  C^s r e p o r t s 8 
Very h e lp f u l  
M o d era te ly  h e lp f u l  
Not v e ry  h e lp f u l  
Not c o n s id e re d

% re sp o n d in g

44
9

14

c o u rs e s  recommended:9
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L eg a l A sp ec ts  o f  Computers
A r t i f i c i a l  I n te l l i g e n c e  and H e u r is t ic s  (A9)
Theory o f C o m p u ta b ility  (A7)
S e q u e n t ia l  M achines (17)
Form al Languages (A l)
L a rg e -S c a le  In fo rm a tio n  P ro c e ss in g  System s (A8) 
S w itch in g  Theory (16 )
A nalog and H ybrid Computers (A3)
Programming T echniques 
Management In fo rm a tio n  System s

Under each  c o u rse  a re a  h ead in g  th e  q u e s t io n  was asked  

i f  th e  c o u rse  a re a  was (1 )  r e q u i r e d ,  (2 )  a llo w ed  (b u t n o t 

r e q u i r e d ) ,  (3 )  n o t a llo w e d , o r  (4 )  no c o u rse s  o f f e r e d .

The b a c h e lo r ’s ,  m a s te r ’s ,  and d o c to r a l  program s were c o n s id e re d  

s e p a r a te ly .  S in ce  th e s e  d e s c r ip t i o n s  r e f e r r e d  t o  "co u rse  

a r e a s " ,  a o n e - to -o n e  co rre sp o n d en ce  to  th e  c o u rse s  o f 

"C u rricu lu m  ’68" i s ,  o f  n e c e s s i ty ,  somewhat ro u g h . N oth ing  

c l e a r l y  i d e n t i f i a b l e  a s  N um erical C a lc u lu s  (B4) o r  Advanced 

Computer O rg a n iz a tio n  (A2) ap p ea red  in  th e  l i s t .  T ab le  

4 -10  p re s e n ts  th e  c o u rse  d a ta  f o r  c o u rse s  s im i l a r  to  th o s e  

o f  "C urricu lum  ’6 8 " . T ab le  4 -1 1  p re s e n ts  th e  d a ta  f o r  

m athem atics c o u r s e s .  T ab le  4-12 p re s e n ts  c o u rse  d a t a ,  f o r  

a d d i t i o n a l  c o u rse s  c o n s id e re d  in  th e  s u rv e y . The programming 

lan g u ag es  r e q u ir e d  a t  th e  v a r io u s  l e v e l s  a r e  sum m arized in  

T ab le  4 -1 3 .

The su rv ey  asked  w hat s e r v ic e  c o u rse s  w ere o f f e re d  by 

th e  re sp o n d in g  d e p a r tm e n ts . T h is  in f o r n a t io n  i s  g iv e n  in  

T ab le  4 -1 4 .

A l i s t  o f  p o s s ib le  o b je c t iv e s  was g iv e n  f o r  th e  v a r io u s  

p rogram s, and th e  re sp o n d e n ts  w ere ask ed  t o  ra n k  them  in  

o rd e r  o f  im p o rta n c e . For th e  u n d e rg ra d u a te  program  th e
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’’C urriculum  ’6 8 ’’ C o u r s e s 1 ^ T able 4 -1 0
U n d erg rad u ate  (?£) M as te r ' s  (%l D o c to ra l  (%)

C ourse

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered
B l. I n t r o d u c t io n  to  
Computer S c ien ce

77 7 3 14 17 11 55 17 13 18 50 20

B2. Machine a n d /o r  
Assem bly Language

82 13 1 5 41 31 25 3 33 39 £ 5 4

B3. D is c r e te  
S t r u c tu r e s

43 34 1 22 30 45 12 13 23 53 16 9

1 1 . D ata  S t r u c tu r e s 58 22 0 21 41 47 8 4 33 56 7 4
12. Programming 
Languages

72 25 0 3 43 47 6 4 40 54 4 2

13 . Computer 
O rg a n iz a tio n  and 
D esign

54 30 0 15 45 48 3 3 39 53 7 2

14. O p era tin g  
System s D esign

31 45 1 24 30 64 0 6 30 70 0 0

1 5 . C om piler 
C o n s tru c tio n

20 53 1 25 22 75 0 3 30 70 0 0

16. S w itch in g  Theory 19 36 1 44 11 73 2 14 15 76 4 5
1 7 . S e q u e n t ia l  
M achines

12 40 1 48 13 72 0 15 21 71 0 7

10 . I b i d . ,  20 , 22 , 24 . oo
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T able 4 -1 0  (c o n tin u e d )
U n d erg raduate (%) M aster *s (%) D o c to ra l  (%)

C ourse

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered
18 . N um erical 
A n a ly s is

47 47 1 5 28 65 7 0 23 67 11 0

1 9 . Advanced 
N um erical A n a ly s is

7 70 2 21 10 87 0 3 16 82 0 2

A l. Form al 
Languages

18 50 1 31 25 66 0 9 30 63 0 7

A3. A nalog and 
H ybrid Computers

5 36 1 59 4 53 0 43 4 66 0 30

A4. S im u la tio n  and 
M odeling

13 60 1 26 14 74 0 13 11 81 0 9

A5. In fo rm a tio n  
R e t r ie v a l

14 45 0 41 7 66 0 28 11 67 0 23

A6. Computer 
G raphics

1 32 1 66 5 49 0 46 4 63 0 34

A7 . Theory o f  
C o m p u ta b ility

7 38 1 54 17 64 0 18 28 65 0 7

A8. L a rg e -S ca le  
In fo rm a tio n  
P ro c e s s in g  System s

5 33 1 61 5 56 0 39 5 65 0 29'

A9. A r t i f i c i a l  
I n t e l l i g e n c e  and 
H e u r is t ic s

1 40 1 57 6 80 0 14 7 86 0 7
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M athem atics C ourses Table 4 -1 1
Undergraclu a te (* ) M aster s | D o c to ra l  (%)

C ourse Area

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered
C a lcu lu s 80 16 1 3 29 24 41 6 21 31 40 5
D i f f e r e n t i a l
E q u a tio n s

44 50 1 4 16 52 29 2 16 51 29 4

L in e a r  A lgebra 55 41 1 3 31 49 17 3 32 46 20 2
P r o b a b i l i ty  and 
S t a t i s t i c s

53 46 0 1 25 68 6
1

19 68 9 4
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A d d it io n a l C ou rsesl2 T able 4 -12
U nderg raduate (%) M aster s (%. D o c to ra l  (%)

C ourse Area

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered
Computer
A p p re c ia tio n

14 19 12 55 5 11 37 48 2 9 38 51

I n t r o d u c t io n  to  
D ata  P ro c e s s in g

38 21 9 32 12 17 51 20 7 20 47 25

O p era tio n s  R esearch 20 59 0 21 14 72 3 10 5 81 5 9
In fo rm a tio n  Theory 
and Coding

9 48 1 43 8 69 0 23 11 82 0 1

Com puters and S o c ie ty 2 40 3 55 2 27 18 53 0 30 15 56
H is to ry  o f  Computer 
S c ien ce

11 11 0 78 3 8 6 83 0 11 5 84

T im e-sh a rin g  System s 
D esign

7 37 0 57 9 57 0 33 5 70 0 25

Symbol M an ip u la tio n  
and T ex t P ro c e ss in g

10 37 0 53 6 64 1 29 11 73 2 14

P ro cess  C o n tro l 1 24 0 75 1 j 38 0 61 4 47 0 49
R ea l-tim e  System s 
D esign

6 29 0 66 5 52 0 43 4 60 0 36

D ata P ro c e s s in g  and 
F i l e  Management

21 51 1 27 10 59 1 29 11 63 0 27

Computer C en te r 
A d m in is tra tio n

5 18 0 76 1 25 1 73 2 22 0 76

CO

12. I b i d .
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T able 4 -1 2  (co n tin u e d )
Und e rg ra d u a te (%) M a s te r1s ) D o c to ra l  (% )

C ourse Area

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered

R
equired

E
lectiv

e

Not 
A

llow
ed

Not 
O

ffered
i

L eg a l A sp ec ts  o f  
Computers

0 9 0 91 2 8 1 88 4 9 0 88

Programming
T echniques

47 32 0 21 17 48 5 30 16 54 7 23

Management
In fo rm a tio n
System s

15 42 1 42 4 54 1 40 2 53 0 45
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r

Programming Languages In  Which P ro f ic ie n c y  I s  E xpected  Upon G rad u a tio n 13 T ab le  4-15
Language U n d erg rad u ate  (%) M a s te r 's  (%) D o c to ra l  (%)
Some Machine o r  

A ssem bly Language 80 77 78
ALGOL 22 43 48
BASIC 24 22 19
FORTRAN 90 82 86
COBOL 54 25 17
P L /I 36 37 36
APL 15 21 19
MAD 1 0 0
GPSS 14 16 7
LISP 8 22 31
SNOBOL 15 25 34
SIMSCRIPT 4 6 3
O thers 17 9 9

T T .  I b i d . ,  2 1 ,  2 '1, '24. CO
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S e rv ic e  C o u r s e s ^   ____________________________________  T ab le  4-14

C ourse O ffe r in g  (%)
Computer A p p re c ia tio n 40
In tr o d u c to r y  Computer S c ien ce 78
FORTRAN Programming 84
COBOL Programming 48
APL Programming 11
P L /I Programming 24
ALGOL Programming 8
BASIC Programming 29
Com puters and S o c ie ty 28
Machine a n d /o r  Assem bly 

Language Programming 59
O ther 23

14. I b i d . ,  25 .
LDO
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fo llo w in g  ra n k in g  o c cu rred  from  h ig h e s t  to  lowest:15

1) P rep a re  a pe rso n  f o r  a  jo b  a s  a system s a n a ly s t
2 ) P rep a re  a p e rso n  to  pursue  a g ra d u a te  d eg ree  in

com puter sc ie n c e
3) P rep a re  a person  f o r  a jo b  a s  a s c i e n t i f i c  programmer
4) P rep a re  a perso n  f o r  a jo b  d e s ig n in g  com puter

so ftw a re  system s ( t i e d  w ith  5)
5) P rep a re  a p e rso n  f o r  a jo b  a s  a com m ercial programmer

( t i e d  w ith  4)
6) P rep a re  a  perso n  f o r  a jo b  te a c h in g  com puter s c ie n c e

a t  th e  seco n d ary  sch o o l l e v e l  ( t i e d  w ith  7 )
7) P rep a re  a p e rso n  f o r  a  jo b  a s  a d a ta  p ro c e ss in g

manager ( t i e d  w ith  6)
8) P rep a re  a perso n  f o r  a jo b  d e s ig n in g  com puter

hardw are system s

In  te rm s o f  o b je c t iv e s  f o r  th e  m a s te r ’s program , th e  ranks 

were a s  fo l lo w s , from  h ig h e s t  to  lo w e s t :15

1) P rep a re  a p e rso n  f o r  a jo b  d e s ig n in g  com puter
so ftw a re  system s

2) P rep a re  a perso n  f o r  a jo b  a s  a system s a n a ly s t
3) P rep a re  a p e rso n  to  pursue  a d o c to r a l  d eg ree  in

com puter s c ie n c e
4 ) P rep a re  a perso n  f o r  a jo b  a s  a s c i e n t i f i c  programmer
5) P rep a re  a perso n  f o r  a jo b  te a c h in g  com puter s c ie n c e

a t  th e  c o l le g e  o r  ju n io r  c o l le g e  l e v e l
6) P rep a re  a  p e rso n  f o r  a jo b  a s  a com m ercial programmer
7) P rep a re  a  p e rso n  f o r  a jo b  d e s ig n in g  com puter hardw are

system s
8) P rep a re  a p e rso n  f o r  a jo b  a s  a d a ta  p ro c e ss in g

manager
9) P rep a re  a person  f o r  a jo b  te a c h in g  com puter s c ie n c e

a t  th e  seco n d ary  sc h o o l l e v e l

For th e  d o c to r a l  program s th e r e  was th e  fo llo w in g  ra n k in g , 

from  h ig h e s t  to  lo w e s t :17

1) P rep a re  a  p e rso n  f o r  a jo b  te a c h in g  com puter
s c ie n c e  a t  th e  c o lle g e  o r  u n iv e r s i t y  l e v e l

2) P rep a re  a p e rso n  f o r  a p o s i t io n  c o n d u c tin g  f u l l - t im e
com puter re s e a rc h

3) P rep a re  a perso n  f o r  a  jo b  d e s ig n in g  com puter so ftw a re
system s

T T .  I b i d . ,  191757

16. I b i d . ,  21 .
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4 ) P rep a re  a p e rso n  f o r  a jo b  a s  a system s a n a ly s t
5) P rep a re  a p e rso n  f o r  a jo b  d e s ig n in g  com puter

hardw are system s
6) P rep a re  a p e rso n  f o r  a jo b  a s  a s c i e n t i f i c  programmer
7) P rep a re  a p e rso n  f o r  a jo b  a s  a d a ta  p ro c e ss in g  manager
8 ) P rep a re  a  p e rso n  f o r  a jo b  a s  a com m ercial programmer

An a d d i t i o n a l  su rv ey  o f com puter s c ie n c e  c u r r i c u la  

was conducted  by V ick ers  [1 7 9 ] . T h is d a ta  i s  q u i te  d i f f i c u l t  

to  a n a ly z e  and adds l i t t l e  to  th e  in fo rm a tio n  in  th e  s tu d ie s  

r e f e r e n c e d .  A d d it io n a l  in fo rm a tio n  i s  a l s o  a v a i l a b le  in  

d e s c r ip t i o n s  o f  s p e c i f i c  program s found in  d ep artm en t 

b ro c h u re s  and in  p ap ers  such as  B arnes and G o tte r e r  [2 3 ] ,

B auer [2 6 ] ,  Cowan and Roden [5 6 ] ,  G o rs lin e  and G reen [8 8 ] ,

Mapp [1 2 6 ] , M athis and K err [1 3 1 ] , Rahim i and Hedges [1 5 1 ] ,

Roth [1 5 7 ] , Schw enkel [1 6 2 ] , and Semple [1 6 5 ] . These p ap ers  

and d e s c r ip t i o n s ,  how ever, do n o t g iv e  th e  o v e r a l l  p e r s p e c t iv e  

and com parison  needed in  t h i s  s tu d y , and th e  th r e e  su rv ey s 

c i t e d  rem ain  th e  fu n d am en ta l so u rc e s  re g a rd in g  c u rr ic u lu m  

im p le m e n ta tio n .

W hile th e  s tu d ie s  we have c o n s id e re d  a re  co ncerned  w ith  

w hat i s  o f f e re d  in  a c u rr ic u lu m , th e y  do n o t e v a lu a te  p rogram s.

To do t h i s  th re e  su rv ey s o f  g ra d u a te s  o f  com puter s c ie n c e  

program s w i l l  be c o n s id e re d . Though t h i s  i s  n o t an  e x h a u s tiv e  

e v a lu a t io n  o f  g ra d u a te s  o f  such program s, i t  does r e p r e s e n t  

a l l  t h a t  h a s  been p u b lish e d  re g a rd in g  t h i s  a s p e c t  o f  com puter 

s c ie n c e  e d u c a tio n .

B arnes and G o tte re r  [2 4 ]  in  1971 r e p o r te d  s e v e r a l  s t a t i s t i c s  

r e l a t i n g  t o  s tu d e n ts  h av in g  com pleted  a b a c h e lo r ’s d eg ree  a t  

The P en n sy lv an ia  S ta te  U n iv e r s i ty .  T h is  work r e f l e c t e d  on
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th e  p r o f e s s io n a l  a c t i v i t i e s  o f th e  35 re sp o n d en ts  to  th e  

q u e s t i o n a i r e . These in d iv id u a ls  a re  g ra d u a te s  o f  th e  program  

from  i t s  in c e p t io n  in  1957 to  1970. Of p a r t i c u l a r  im portance  

i s  th e  ra n k in g  o f co u rse s  ta k e n  as  to  t h e i r  v a lu e  to  th e  

p r o f e s s io n a l .  Each c o u rse  was to  be ranked from  0 - 9  

w ith  9 v e ry  v a lu a b le  and 0 a lm o st u s e l e s s .  These r e s u l t s  

a r e  re p o r te d  in  T ab le  4 -1 5 .

Of i n t e r e s t  a l s o  i s  t h a t  34 o f th e  re sp o n d en ts  in d ic a te d  

t h a t  i f  th e  o p p o r tu n i ty  a g a in  p re se n te d  i t s e l f  th e y  would 

m ajor in  Computer S c ien ce  a t  th e  P ennsy lvan ia  S ta te  U n iv e r s i ty .

A companion s tu d y  was conducted  by G o tte re r  and Barnes [8 9 ] 

on g ra d u a te s  o f  th e  m a s te r ’s program  a t  The P ennsy lvan ia  S ta te  

U n iv e r s i ty  f o r  th e  y e a rs  1956 -  1972. R esponses were o b ta in e d  

from  70 o f th e  136 g ra d u a te s  o f  t h i s  tim e p e r io d .  The c o u rse  

r a t i n g  scheme used  in  th e  s tu d y  o f th e  b a c h e lo r ’s program 

was a l s o  used in  t h i s  s tu d y  and i s  re p o r te d  in  T ab le  4 -1 6 . 

’’C u rricu lum  ’6 8 ” e q u iv a le n ts  a r e  n o t in c lu d ed  s in c e  th e  h ig h e r  

l e v e l  c o u rse s  do n o t have c l e a r  e q u iv a le n c e s . A gain th e  r a t i n g  

was 0 u s e le s s  and 9 most u s e f u l .

Some a d d i t io n a l  q u e s tio n s  a re  o f i n t e r e s t  in  e x p la in in g  

th e  r e s u l t s  o f th e  r a t i n g s .  The re sp o n d en ts  were asked 

f o r  re a so n s  f o r  c o n s id e r in g  a c o u rse  v a l u a b l e : 1 8

ljH  Malcolm H. G o tte re r  and Bruce H. B arnes, ’’The Computer 
S c ien ce  M. S . G rad u a te” , SIGCSE B u l le t in  5 , 1 (F eb ru ary  1 9 7 3 ), 
109.
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U ndergraduate Course R ankings19_____________________________________________________ T able 4 -1 5
C ourse T i t l e A pproxim ate "C u rricu lum  168" 

E q u iv a le n t
Number
T aking

Average
R a tin g

In t r o d u c t io n  to  
Programming

B1 32 6 .6

Assem bly Programming B2 32 7 .3
N um erical C a lcu lu s B4 14 3 .6
I n t r o d u c t io n  to  D ata 
P ro c e s s in g

Not A p p lic a b le 5 6 .8

In fo rm a tio n  S t r u c tu r e s 11 30 6 .6
System s Programming 14 32 8 .0
S tr u c tu r e  o f  Programming 
Languages

12 32 5 .5

Graph Theory Not A p p lic a b le 21 3 .0
N um erical C om putation 18 26 3 .0
M atrix  C om putation 19 13 2 .8
Logic and C o m p u ta b ility Not A p p lic a b le 10 3 .5

19 . B ruce H. B arnes and Malcolm H. G o t te r e r ,  " A t t r ib u te s  o f  Computer P r o f e s s io n a ls " ,  
in  Theodore C. W illoughby ( e d . ) ,  P ro ceed in g s  o f  th e  N in th  A nnual Computer P e rso n n e l 
R esearch  C onference  (ACM, New Y ork, 197 1 ), pp . 172, 174.
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M a s te r’s C ourse R ankings20 T able  4-16
C ourse Number o f A verage

R esponses R a tin g
In fo rm a tio n  S t r u c tu r e s 29 7 .3 1
System s O rg a n iz a tio n  and 
Programming

49 7 .6 9

The S tr u c tu r e  o f 
Programming Languages

41 6.12

C o m b in a to rics  and Graph 
Theory

27 4 .1 4

In fo rm a tio n  Theory and 
E r ro r -C o r r e c t in g  Codes

8 4 .8 7

N um erical C om putations 55 3 .3 1
M atrix  C om putations 61 3 .16
Logic and C o m p u ta b ility 25 3 .96
Ife th e m a tic a l Machine Theory 16 4 .0 0
Theory o f Automata 33 3 .78
A lg e b ra ic  Theory o f Automata 10 3 .7 0
S tr u c tu r e  o f A r t i f i c i a l  
Languages

57 6 .14

System s Programming 59 7 .06
N o n a rith m e tic  Programming 54 5.77
In fo rm a tio n  P ro c e s s in g  System s 58 5.91
Theory o f Graphs and Networks 15 4 .33
In fo rm a tio n  R e t r ie v a l 13 5.89
N um erical A n a ly s is  I 10 4 .6 0
N um erical A n a ly s is  I I 8 4 .62
C o m b in a to ria l System s 2 7 .0 0

2 0 . Malcolm H. G o tte re r  and Bruce H. B arn es , "The Computer S c ien ce  M. S . G rad u a te" , 
SIGCSE B u l le t in  5, 1 (F eb ru a ry  1 9 7 3 ), 108. IDU1
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T able 4 -1 6  (c o n tin u e d )
C ourse Number o f  

R esponses
A verage
R a tin g

A pprox im ation  Theory 4 2 .22
N um erical S o lu t io n  o f  P a r t i a l  
D i f f e r e n t i a l  E q u a tio n s

5 4 .4 0

A lg e b ra ic  Coding Theory 3 3 .33
Theory o f  Form al Languages 
and Autom ata I

11 5.36

Theory o f  Form al Languages 
and Autom ata I I

6 4 .5 0
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R eason No. o f  R esponses
Can u se  in  P r e s e n t  Job 41
Good F oun d a tio n  o r  Background 16
C ourse was " r e a l i s t i c ” 5
P e rs o n a l  I n t e r e s t 4
Gave I n s ig h t  in to  Computing 4
P e rm itte d  R esearch  O p p o rtu n ity 3
L iked P ro fe s s o r 3
O ther 9

The re sp o n d e n ts  w ere a l s o  asked  to  g iv e re a so n s f o r  n e g a t i \

r e s p o n s e s :2!

Reason No. o f R esponses
Not P r a c t i c a l  o r  U seab le 4 4 '' ' "
Too T h e o r e t ic a l 10
Lack o f I n t e r e s t 9
No R elevance 7
P o o rly  Taught 4
O ther 7

F in a l ly  th e  re sp o n d e n ts  were asked  t o  s u g g e s t c o u rse s  t h a t

should  be added to  th e  C u rr ic u lu m :22

C ourse No. o f R esponses
System s Programming 12
More D epth in  B asic  Languages 7
COBOL 7
O p era tio n s  R esearch 5
D ata P ro c e s s in g  T echniques 7
Hardware C h a r a c t e r i s t i c s  and

U t i l i z a t i o n 7
D ata Com m unications 6
In fo rm a tio n  System  D esign 5
System  A n a ly s is  and D esign 5
O ther 9

As w ith  th e  b a c h e lo r 's  d e g re e  program , th e  v a s t  m a jo r i ty  

o f  th e  re sp o n d e n ts  in d ic a te d  t h a t  i f  th e y  had i t  t o  do o v e r 

a g a in ,  th e y  would e n te r  th e  m a s te r 's  program  a t  The P en n sy lv an ia  

S ta te  U n iv e r s i ty .

A s im i la r  s tu d y  o f  th e  U n d erg rad u ate  program  a t  The Ohio

2 1 . I b i d . ,  109.

2 2 . I b id .
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S ta te  U n iv e r s i ty  i s  r e p o r te d  by Kalmey C l l4 ] .  In fo rm a tio n  was 

re q u e s te d  from  th e  g ra d u a te s  o f th e  program  from  1968 to  1973. 

88 , o r  a b o u t 20% re sp o n d e d .

The 0 -  9 (0 u s e l e s s ,  9 most u s e f u l )  r a t i n g  s c a le  o f  

c o u rse s  was u sed  in  t h i s  s tu d y  a l s o .  M athem atics and S t a t i s t i c s  

c o u rse s  in v o lv e d  in  th e  c u rr ic u lu m  were a l s o  c o n s id e re d  w ith  

com puter s c ie n c e  c o u rs e s .  Ohio S ta te  o f f e r s  u n d e rg ra d u a te  

d e g re e s  in  th e  C o lleg e  o f E n g in e e r in g , th e  C o lleg e  o f  A rts  

and S c ie n c e , and th e  C o lleg e  o f A d m in is tra tiv e  S c ie n c e .

The re sp o n se s  were p a r t i t i o n e d  among th e s e  v a r io u s  p ro g ram s.

The r e s u l t s  a r e  g iv e n  in  T ab le  4 -1 7 .

A d d it io n a l  m a te r ia l  was re q u e s te d  to  i d e n t i f y  a re a s  

th e  re sp o n d e n t f e l t  w ere im p o r ta n t to  him and th e  deg ree  

o f  em phasis needed in  th e s e  a r e a s .  The r e s u l t s  a r e  re p o r te d  

i n  T ab le  4 -1 3 .

R espondents were asked  what a d d i t i o n a l  c o u rse s  th e y  

would l i k e  to  see  in  th e  c u rr ic u lu m . These r e s u l t s  a re  

r e p o r te d  in  T ab le  4 -1 9 .

As w ith  th e  Penn S ta te  s tu d ie s  th e r e  i s  an  a p p a re n t 

f e e l in g  among th e  g ra d u a te s  o f such program s t h a t  g r e a te r  

em phasis shou ld  be p laced  on a p p l ic a t io n  a r e a s ,  and in  

t h e o r e t i c a l  a r e a s ,  on ways in  w hich th e o ry  r e l a t e s  to  p r a c t i c a l  

a p p l i c a t i o n s .

Summary

The r e l a t i o n  o f "C urricu lum  T68" to  e x i s t i n g  program s 

i s  seen  th ro u g h  th r e e  s tu d ie s  o f  e x i s t i n g  c u r r i c u l a ,  and
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U ndergraduate Program Course E va lu a tio n 2 3 T able 4 -1 7

Program T o ta l
E n g in ee rin g A rts  and S c ien ces Admin . S c ien ce

C ourse

R
esponses

R
ating

R
esponses

1R
ating

R
esponses

R
ating

R
esponses

R
ating

I n te rm e d ia te  
D i g i t a l  Computer 
Programming

27 7 .6 46 7 .8 5 6 .8 78 7 .7

Computer System s 
Programming I

26 7 .0 40 7 .7 3 7 .1 69 7 .4

D ata S t r u c tu r e s 10 7 .2 20 7 .5 - - 30 7 .4
Computer Programming 
and D ata P ro c e ss in g  I I

14 6 .5 35 7 .2 6 6 .8 56 7 .0

Computer System s 
Programming I I

15 6 .8 29 7 .1 1 5 .0 45 7 .0

D i g i t a l  Computer 
Programming I

24 7 .1 41 7 .0 3 5 .6 68 7 .0

Computer Programming 
and D ata P ro c e s s in g  I

9 7 .6 21 6 .6 6 6 .8 36 6 .6

Survey  o f
Programming Languages

22 6 .7 32 6 .0 4 7 .8 58 6 .4

M odeling o f 
In fo rm a tio n  System s

9 6 .6 17 6 .1 1 5 .0 27 6 .2

I n d iv id u a l  S tu d ie s  
(G ra p h ic s , M in i, e t c . )

11 6 .5 18 5 .9 1 7 .0 30 6 .2

Programming Languages 11 5 .8 19 5 .7 1 7 .0 31 5 .8

2 3 . Donald L. Kalmey, ’'P r o f i l e  o f  a  Computer and In fo rm a tio n  S c ien ce  B. S . G ra d u a te" , 
SIGCSE B u l le t in  6 , 1 (F eb ru a ry  197 4 ), 4 3 .
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T able 4 -1 7  (c o n tin u e d )
Program T o ta l

E n g in ee rin g A rts  and S c ien ces Admin . S cience

C ourse

R
esponses

R
ating

R
esponses

R
ating

R
esponses

R
ating

R
esponses

R
ating

L in e a r  O p tim iz a tio n  
T echniques in  
In fo rm a tio n  
P ro c e ss in g

11 5 .9 16 5 .7 1 5 .0 28 5.8

C om piler D esign  and 
Im p lem en ta tio n

8 6 .1 20 5 .4 1 9 .0 29 5 .7

D i g i t a l  Computer 
O rg a n iz a tio n

13 5 .4 18 5 .5 “ — 31 5 .5

A lg e b ra ic  S t r u c tu r e s 22 5 .6 34 5.3 1 5 .0 57 5 .4
tfe th e m a tic a l 
S t a t i s t i c s  I

27 5 .4 39 5.2 6 6 .3 72 5 .4

Modern Methods o f 
In fo rm a tio n  S to rag e  
and R e t r ie v a l

10 5 .5 19 5 .1 2 6 .0 31 5.3

Fundam ental C oncepts 
o f  Computer and 
In fo rm a tio n  S c ien ce

11 5 .6 26 5 .5 3 1 .0 40 5.2

L in e a r  A lgebra 27 5 .4 40 5 .1 2 5 .0 69 5.2
M ath em atica l 
S t a t i s t i c s  I I

27 5.2 28 5 .1 6 5 .6 61 5.2

Survey  o f 
N um erical Methods

27 5 .4 44 4 .9 2 6 .5 73 5 .1
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T able 4 -1 7  (c o n tin u e d )
Program T o ta l

E n g in e e rin g A rts  and S c ie n ce s Admin. S cience

Course

R
esponses

R
ating

R
esponses

R
ating

R
esponses

R
ating

R
esponses

R
ating

I n t r o d u c t io n  to  
In fo rm a tio n  S to rag e  
and R e t r ie v a l

28 3 .9 44 5 .6 6 4 .1 78 4 .9

D i f f e r e n t i a l
E q u a tio n s

26 5 .9 40 4 .3 3 4 .3 69 4 .9

Advanced C a lcu lu s 15 6 .0 26 4 .1 1 5 .0 42 4 .8
N um erical L in e a r  
A lgebra

9 5 .1 20 3 .6 — 29 4 .0

N um erical S o lu t io n  
to  O rd in ary  
D i f f e r e n t i a l  
E q u a tio n s

6 4 .8 14 2 .7 1 0 21 3 .2

101
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A d d it io n a l C ourses Recommended fo r  th e  C urriculum ^5_____________________________ T able 4 -1 9
Course C o lleg e

E n g in eerin g A rts  and 
S c ien ce

A d m in is tra tiv e
S c ien ce

T o ta l

P L /I 2 1 2 5
COBOL 3 2 2 7
D ata Communication 

and T e le p ro c e s s in g 2 5 _ 7
B u sin ess 4 - 4
S im u la tio n 2 1 - 3
P r o je c ts 2 1 - 3
Logic D esign  and 

A rc h i te c tu r e 4 1 5
U t i l i t i e s  and Job  

C o n tro l Language; 2 2
O p era tio n s  R esearch - - 1 1
D ata Base S tr u c tu r e - 1 3 4
H ands-on E x p erien ce 1 2 - 3

25 . I b id .
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th r e e  s t u d ie s  o f  gra d u a tes  o f  com puter s c ie n c e  program s.

The th r e e  s tu d ie s  o f  e x i s t in g  program s show a s t ro n g  r e l a t i o n ­

s h ip  betw een c o u rse s  o f f e re d  and th o se  o f ’’C urricu lum  ’68” , 

th o u g h , o f  c o u rs e , th e r e  i s  no im p lic a t io n  o f  a c a u s a l  r e l a t i o n ­

s h ip .  The Hamblen s tu d y  o f  a l l  p o s t-s e c o n d a ry  i n s t i t u t i o n s  

shows t h a t  b e t t e r  th a n  52% o f th e  c o u rse s  l i s t e d  in  com puter 

s c ie n c e  in  1971-72 w ere com parable to  c o u rse s  in  "C urricu lum  

’68” . E n g e l 's  1971 s tu d y  shows t h a t  most o f  th e  c o u rse s  o f 

"C urricu lum  ’68” a re  o f f e re d  a s  s p e c i f ie d  o r in  s im i la r  form  

in  th e  tw e n ty - s ix  i n s t i t u t i o n s  in v o lv ed  in  th e  s tu d y . These 

r e s u l t s  a re  a l s o  v e r i f i e d  in  th e  W alker su rv e y .

The f i r s t  two o f th e  b a s ic  c o u rse s  B l, I n t r o d u c t io n  to  

Computing and B2, Com puters and Programming a re  o f f e re d  in  

m ost c a s e s .  C ourse B3, I n t r o d u c t io n  to  D is c r e te  S t r u c tu r e s ,  

does n o t seem to  have a s  much a c c e p ta n c e . Hamblen re p o r te d  

t h a t  o n ly  71 such c o u rse s  were a v a i l a b le  in  1971-72 a s  compared 

w ith  1778 f o r  B l and 728 f o r  B2. In  E n g e l 's  s tu d y  19 o f th e  

surveyed  d e p a rtm en ts  o f f e re d  th e  same o r  a s im i la r  c o u rs e , 

b u t B3 was th e  l e a s t  commonly o f f e re d  o f th e  b a s ic  c o u rs e s . 

W a lk e r 's  s tu d y  a l s o  showed B3 to  be th e  l e a s t  o f f e re d  o f 

th e  b a s ic  c o u rs e s , b e in g  re q u ire d  in  43% o f  th e  i n s t i t u t i o n s .  

C ourse B4, N um erical C a lcu lu s  was o f fe re d  in  more c a se s  

th a n  D is c r e te  S t r u c tu r e s  w ith  405 c o u rse s  re p o r te d  in  th e  

Hamblen S u rv ey , how ever, i t s  o f f e r in g  was c o n s id e ra b ly  below 

t h a t  o f  c o u rs e s  Bl and B2.

C o n s id e rin g  th e  in te rm e d ia te  l e v e l  c o u rse s  o f  "C urricu lum  

’6 8 " , I I ,  D ata S t r u c tu r e s ,  12, Programming Languages, 13,
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Computer O rg a n iz a tio n , 14, System s Programming, 15, C om piler 

C o n s tru c t io n , 18, N um erical A n a ly s is  I  and 19 , N um erical 

A n a ly s is  I I  w ere o f f e re d  w ith  th e  g r e a t e s t  f re q u e n c y . In  

a l l  th r e e  r e p o r t s  16 , S w itch in g  Theory and 17, S e q u e n t ia l  

M achines had th e  s m a l le s t  o f f e r i n g s ;  in  th e  Hamblen s tu d y  

121 c o u rse s  s im i la r  t o  16 w ere o f f e re d  and 36 s im i la r  t o  17; 

in  W alk e r’s s tu d y  55% o f f e re d  16 , 52% 17; and in  E n g e l’s 

s tu d y  14 o f 26 o f f e re d  16 and 16 o f  26 o f f e re d  17 . In  E n g e l’s 

s tu d y  th e  o th e r  seven  in te rm e d ia te  l e v e l  c o u rse s  w ere o f f e re d  

w ith  c o n s is te n c y  a t  th e  i n s t i t u t i o n s  su rv e y ed , 12 , 13, and 

19 o f f e re d  in  22 c a s e s ,  18 in  23 , I I  and 14 in  24 and 15 

in  26 . For th e s e  same c o u rs e s  in  W alk e r’s Survey  12 was th e  

m ost p o p u la r , b e in g  o f f e r e d  in  97% o f th e  i n s t i t u t i o n s  w ith  

15 th e  l e a s t  p o p u la r  b e in g  o f f e r e d  in  73% o f th e  i n s t i t u t i o n s .  

In  Hamblen’ s s tu d y  th e s e  seven  c o u rse s  fo llo w ed  a f a i r l y  

wide ra n g e , 14 o f f e re d  in  326 c a s e s ,  18 and 19 in  269 , 12 

in  239, 13 in  221, I I  in  146, and 15 in  135. I t  i s  i n t e r e s t i n g  

to  n o te  t h a t  14, System  Programming w h ile  most p o p u la r  in  

th e  Hamblen l i s t  was in  p o s i t io n  6 in  W alk e r’s s tu d y , w h ile  • 

programming la n g u a g e s , t h i r d  in  Hamblen’s l i s t  was f i r s t  on 

W alk e r’s .  In  b o th  c a se s  th e  D ata S t r u c tu r e s  c o u rse s  was 

in  th e  m id d le , though  i t s  p o p u la r i ty ,  in  te rm s o f  o f f e r i n g ,  

in c r e a s e s  from  th e  Hamblen to  th e  W alker s tu d y .

The th r e e  s tu d ie s  in d ic a te  a h ig h  d e g re e  o f  p o p u la r i ty  

i n  th e  o f f e r in g s  o f  th e  advanced c o u rse s  A4, System  S im u la tio n , 

A l, Form al Languages and S y n ta c t ic  A n a ly s is ,  A9, A r t i f i c i a l  

I n t e l l i g e n c e  and H e u r is t ic  Program m ing, A5, In fo rm a tio n
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O rg a n iz a tio n  and R e t r i e v a l ,  A2, Advanced Computer O rg a n iz a tio n , 

and A7, Theory o f C o m p u ta b ility . Of th e s e ,  c o u rse  A4, System  

S im u la tio n  p re s e n ts  some d i f f i c u l t y  in  t h a t  i t  was n o t c l e a r l y  

i d e n t i f i a b l e  a s  such in  th e  Hamblen o r  W alker s tu d y , and 

was re p o r te d  a s  o f f e re d  in  o n ly  13 o f  th e  26 i n s t i t u t i o n s  in  

th e  E ngel s tu d y . 58 o f f e r in g s  o f  Theory o f C o m p u ta b ility ,

C ourse A7, w ere re p o r te d  i n  th e  Hamblen s tu d y , however i t  

was re p o r te d  in  2 5 o f  th e  26 i n s t i t u t i o n s  in  th e  E ngel 

s tu d y  and in  81% o f m a s te r 's  program s (93% o f  D o c to ra l program s) 

in  W alk e r’s w ork. C ourses A3, A nalog and H ybrid Com puting,

A6, Computer G ra p h ic s , and A8, Large S ca le  In fo rm a tio n  

P ro c e s s in g  System s w ere low i n  te rm s o f number o f  o f f e r in g s  

in  a l l  th r e e  s tu d i e s .

C ourses o th e r  th a n  th o s e  l i s t e d  in  "C urricu lum  ’68" 

appeared  in  th e  su rv ey s  o f  Hamblen and W alker. In  E n g e l’s 

su rv e y , a l i s t i n g  o f  s e r v ic e  c o u rse s  was o b ta in e d , b u t o th e r  

in fo rm a tio n  on th e s e ,  and in fo rm a tio n  re g a rd in g  o th e r  co u rse s  

n o t in  "C urricu lum  ’68” was n o t c o n s id e re d .

In  te rm s o f s e r v ic e  c o u rs e s  a number o f  d i f f e r e n t  c o u rse s  

w ere l i s t e d  a s  o f f e re d  by th e  re sp o n d in g  d e p a r tm e n ts . In  

W a lk e r 's  su rv e y , in c lu d in g  283 re s p o n se s , Computer A p p re c ia tio n  

was o f f e re d  in  40% o f th e  i n s t i t u t i o n s ,  and Computers and 

S o c ie ty  in  28%. The I n t r o d u c t io n  t o  Computer S c ien ce  (Course 

B l) was u sed  a s  a  s e r v ic e  c o u rse  a t  78% o f  th e  re sp o n d in g  

i n s t i t u t i o n s  and a c o u rse  s im i la r  to  B2 served  a s  a s e rv ic e  

c o u rse  a t  59% of th e  i n s t i t u t i o n s .  In  a d d i t io n  a v a r i e ty  o f 

language  c o u rse s  a re  r e p o r te d  u n d e r s e rv ic e  c o u rse s  th e
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most p o p u la r b e in g  FORTRAN (84%) and COBOL (48%).

In  H am blen's su rv ey  a l l  th e  c o u rse s  l i s t e d  in  "C urricu lum  

'6 8 "  were a l s o  l i s t e d  as  s e rv in g  as  s e r v ic e  c o u rs e s .  In  

a d d i t io n  s p e c ia l  a p p l ic a t io n s  c o u rse s  were l i s t e d  in  e n g in e e r in g  

a p p l ic a t io n s  (4 5 6 ) , b u s in e s s  a p p l ic a t io n s  (2 2 8 ) , and th e  

H um anities (8 8 ) .  208 c o u rse s  in  Computer A p p re c ia tio n  were

l i s t e d ,  more th a n  h a l f  o f w hich serv ed  a s  s e r v ic e  c o u rse s  

f o r  n o n -sc ien c e  s tu d e n t s .  257 In tro d u c to ry  System s A n a ly s is  

c o u rse s  were a ls o  l i s t e d  though th e s e  were h e a v i ly  (154) 

in  two y e a r sch o o ls  where th e y  were re q u ire d  in  th e  m ajor 

program .

In  th e  d a ta  p ro c e ss in g  a r e a ,  H am blen's su rv ey  l i s t s  

fo u r  c o u rse s  two o f w hich , D ata P r e p a ra t io n , and U n it Record 

a re  p r im a r i ly  o f f e re d  in  two y e a r s c h o o ls .  The o th e r  tw o, 

how ever, w ere more g e n e r a l ly  o f f e r e d .  The In tro d u c to ry  C ourse 

in  Data P ro c e ss in g  was o f f e re d  a t  457 i n s t i t u t i o n s  (246 two 

y e a r i n s t i t u t i o n s )  and was re q u ire d  f o r  a com puter s c ie n c e  

m ajor in  56 program s. An advanced c o u rse  in  d a ta  p ro c e ss in g  

was o f fe re d  a t  109 sc h o o ls  (42 two y e a r  i n s t i t u t i o n s ) ,  and 

re q u ire d  in  30 com puter s c ie n c e  p rogram s. The In tr o d u c t io n  

to  D ata P ro c e ss in g  was c o n s id e re d  in  th e  W alker s tu d y , b e in g  

l i s t e d  as  re q u ire d  o r  a s  an  e l e c t i v e  in  59% o f th e  u n d e rg ra d u a te  

p rogram s, 2 9% of th e  m a s te r 's  program s and 27% o f th e  d o c to r a l  

p rog ram s.

Both th e  Hamblen and W alker su rv ey  l i s t  a v a r i e ty  o f 

th e  c o u rse s  b e in g  ta u g h t  w hich do n o t have c o rre sp o n d in g  

c o u rse s  in  "C urricu lum  ’6 8". H am blen's su rv e y  r e p o r t s  c o u rse s
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in  hardw are such  a s  A F i r s t  C ourse in  Computer D esig n , Advanced 

C ourse in  Computer D esign  and Advanced Computer O rg a n iz a tio n ; 

c o u rse s  in  th e  g e n e ra l  a re a  o f  in fo rm a tio n  system s such  a s  

In t r o d u c to r y  In fo rm a tio n  System s D esig n , Advanced In fo rm a tio n  

System s D esig n , Management In fo rm a tio n  S ystem s, D ata Base 

Management, F i l e  O rg a n iz a tio n , In t r o d u c to r y  O p e ra tio n s  

R esea rch , and Advanced O p e ra tio n s  R esea rch ; and o th e r  c o u rse s  

such a s  A utom ata T heory , D ata C om m unications, P ro cess  C o n tro l, 

and Management o f  Computer C e n te rs  o r  In fo rm a tio n  P ro c e s s in g  

D e p artm en ts . To th e s e  c o u r s e s ,  W a lk e r 's  su rv ey  in d ic a te s  

t h a t  c o u rs e s  in c lu d in g  In fo rm a tio n  Theory and C oding, H is to ry  

o f  Computer S c ie n c e , T im e-S haring  System s D esig n , Symbol 

M an ip u la tio n  and T ex t P ro c e s s in g , R eal-T im e System s D esig n ,

L eg a l A sp ec ts  o f  Computers and Programming T echniques were 

o f f e re d  a t  a  s i g n i f i c a n t  number o f  i n s t i t u t i o n s .

Though a f u l l  u n d e rs ta n d in g  o f  th e  a c t u a l  s t r u c tu r e  o f 

th e  u n d e rg ra d u a te  program  i s  d i f f i c u l t  to  d e te rm in e  from  th e  

d a ta  o f  th e  th r e e  s tu d i e s ,  th e  m a te r ia l  o f  th e  E n g e l su rv ey  

and th e  W alker su rv ey  seem t o  in d ic a te  a  c o n c e n tr a t io n  o f t h e ■ 

re q u ire m e n ts  o f  many program s around th e  c o re  o f "C urricu lum  

'6 8 ” . E x c e p tio n s  seem to  be in  th e  a r e a s  o f  d i s c r e t e  s t r u c t u r e s ,  

n u m e ric a l c a lc u lu s ,  and a la c k  o f  th e  re q u ire m e n t o f  th e  

in te rm e d ia te  l e v e l  c o u r s e s . The m athem atics r e q u ir e d  i s  q u i te  

c lo s e  to  th e  recom m endations in  many o f  th e  i n s t i t u t i o n s .

S in ce  th e  g ra d u a te  program s o f "C urricu lum  *68" a r e  n o t 

s p e c i f ie d  i n  d e t a i l ,  i t  i s  n o t p o s s ib le  to  come to  f irm  

c o n c lu s io n s  re g a rd in g  th e s e  program s from  th e  d a ta  o f  th e  s u rv e y s .
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W hile th e  number o f o f f e r in g s  r e p r e s e n t  one m easure o f 

th e  s t r e n g th  o r w eakness o f  th e  p rogram s, a n o th e r  i s  th e  

r e a c t io n s  o f  th e  g ra d u a te s  o f  th e  program  lo o k in g  back a t  

t h e i r  e x p e r ie n c e . In  th e  B arnes and G o tte r e r  p ap er c o n ce rn in g  

b a c h e lo r  d e g re e  g ra d u a te s ,  in  re sp o n se  to  th e  v a lu e  o f c o u rse  

work to  th e  p r o f e s s io n a l  c a r e e r  o f  th e  g ra d u a te  th e r e  i s  a 

r a t h e r  c l e a r  b re a k  w ith  th e  programming r e l a t e d  c o u rse s  

I n t r o d u c t io n  to  Program m ing, Assem bly Programming, In t r o d u c t io n  

to  D ata P ro c e s s in g , In fo rm a tio n  S t r u c tu r e s  and System s P ro ­

gramming r a te d  h ig h ,  w h ile  m a th e m a tic a lly  o r ie n te d  c o u rse s  

in c lu d in g  N um erical C a lc u lu s , Graph T heory , N um erical C om putation 

and Logic and C o m p u ta b ility  r a te d  low . The c o u rse  S t r u c tu r e  of 

Programming Languages was th e  o n ly  one r e c e iv in g  an  e f f e c t i v e l y  

n e u t r a l  r a t i n g .  S im ila r  r e a c t io n s  app eared  in  th e  G o t te r e r  and 

B arnes rev iew  o f  g ra d u a te s  o f  th e  m a s te r ’s program . C o n sid e rin g  

o n ly  th o s e  c o u rse s  r e c e iv in g  more th a n  s ix  re s p o n s e s ,  h ig h e s t  

ra n k in g s  w ent to  programming r e l a t e d  a re a s  such  a s  In fo rm a tio n  

S t r u c t u r e s ,  System s O rg a n iz a tio n  and Programming, th e  S tr u c tu re  

o f  Programming L anguages, S t r u c tu r e  o f  A r t i f i c i a l  Languages, 

and System s Program m ing. More o r  l e s s  n e u t r a l  ra n k in g s  

w ent to  N o n a rith m e tic  Programming, In fo rm a tio n  P ro c e ss in g  

S ystem s, In fo rm a tio n  R e t r i e v a l ,  and Theory o f Form al Languages 

and A utom ata. Low ra n k in g s  a g a in  appeared  f o r  th e  more 

m a th e m a tic a lly  o r ie n te d  c o u rse s  such a s  C o m b in a to rics  and 

Graph T heory , In fo rm a tio n  Theory and E r ro r -C o r r e c t in g  C odes, 

N um erical C o m p u ta tio n s, M atrix  C o m p u ta tio n s, Logic and 

C o m p u ta b ility , M ath em atica l Machine T heory , Theory o f A utom ata,
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A lg e b ra ic  Theory o f A utom ata, Theory o f Graphs and N etw orks, 

N um erical A n a ly s is ,  and A lg e b ra ic  Coding T heory .

Kalmey’s s tu d y  o f g ra d u a te s  o f  th e  u n d e rg ra d u a te  program  

r e v e a l s  som ething  o f  th e  same p a t t e r n .  The h ig h e s t  ra n k in g s  

a s  to  v a lu e  to  th e  g r a d u a te ’s p r o f e s s io n a l  l i f e  went to  

programming o r ie n te d  c o u rse s  in c lu d in g ,  In te rm e d ia te  Computer 

Programming, Computer System s Programming I  and I I ,  D ata 

S t r u c tu r e s ,  Computer Programming and D ata P ro c e ss in g  I  and 

I I ,  D i g i t a l  Computer Programming I ,  Survey  o f Programming 

L anguages, M odeling o f In fo rm a tio n  S ystem s, and In d iv id u a l  

S tu d ie s .  The c o u rse s  r e c e iv in g  low r a t i n g s  w ere p r im a r i ly  

th e  m athem atics c o u rse s  D i f f e r e n t i a l  E q u a tio n s , Advanced 

C a lc u lu s , N um erical L in e a r  A lg e b ra , and N um erical S o lu t io n  

t o  O rd in a ry  D i f f e r e n t i a l  E q u a tio n s  and a l s o  I n t r o d u c t io n  to  

In fo rm a tio n  S to ra g e  and R e t r i e v a l .  E f f e c t iv e ly  n e u t r a l  

ra n k in g s  went to  th e  c o u rs e s  Programming Languages, L in ea r 

O p tim iz a tio n  T echniques in  In fo rm a tio n  P ro c e s s in g , C om piler 

D esign  and Im p lem en ta tio n , D i g i t a l  Computer O rg a n iz a tio n , 

A lg e b ra ic  S t r u c tu r e s ,  M ath em atica l S t a t i s t i c s  I  and I I ,

Modern Methods o f  In fo rm a tio n  S to ra g e  and R e t r i e v a l ,  Fundam ental 

C oncepts o f  Computer and In fo rm a tio n  S c ien ce  and Survey  o f 

N um erical M ethods.

The recom m endations o f  th e  g ra d u a te s  o f  a d d i t i o n a l  work 

t h a t  shou ld  be o f f e re d  r e f l e c t s  a d e s i r e  f o r  more p r a c t i c a l  

m a te r i a l .  In  th e  G o t te r e r  and B arnes s tu d y  work i s  su g g es ted  

in  system s program m ing, a d d i t i o n a l  language i n s t r u c t i o n ,

COBOL, o p e ra t io n s  r e s e a r c h ,  h a rd w are , in fo rm a tio n  system s
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d e s ig n  and system s a n a ly s i s  and d e s ig n .  In  Kalm ey’s s tu d y  

much th e  same t r e n d  o c cu rs  w ith  r e q u e s ts  f o r  m a te r ia l  in v o lv in g  

P L /I , COBOL, d a ta  com m unication and te le p r o c e s s in g ,  b u s in e s s ,  

s im u la t io n ,  s p e c ia l  p r o j e c t s ,  lo g ic  d e s ig n  and a r c h i t e c t u r e ,  

u t i l i t i e s  and jo b  c o n t r o l  la n g u a g e , o p e ra t io n s  r e s e a r c h ,  d a ta  

base  s t r u c t u r e ,  and h an d s-o n  e x p e r ie n c e .
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C hapter 5 -  I n d iv id u a l C ourses

C h ap te r 4 in d ic a te s  s e v e r a l  a r e a s  where c o u rse  recommenda­

t i o n s  were n o t made in  ’’C urricu lu m  ’68” , and where a c t i v i t y  

i s  o c c u r in g , an d , c o n v e rse ly , th e r e  were c o u rse s  recommended 

whose u t i l i t y ,  based  on e x p e r ie n c e , i s  open t o  some q u e s t io n .

These m a tte rs  w i l l  be c o n s id e re d  a g a in  in  C h ap ter 7 . A d d i t io n a l ly ,  

c o u rse s  have been  proposed  in  c u rr ic u lu m  work conducted su bsequen t 

to  th e  p u b l ic a t io n  o f ’’C u rricu lu m  ’68” ; th e s e  a re  d is c u s se d  

in  C h ap te r 6 .

In  t h i s  c h a p te r ,  c o n s id e r a t io n  w i l l  be g iv e n  to  c o u rse s  

w hich have been s p e c i f ie d  and d is c u s s e d  in  th e  l i t e r a t u r e  

su b se q u e n t to  th e  p u b l ic a t io n  o f "C urricu lum  ’68” . These 

r e p o r t s  p r im a r i ly  r e p r e s e n t  e x p e r ie n c e  in  th e  te a c h in g  of 

th e  m a te r ia l ,  and a d d i t i o n a l  c o n s id e r a t io n  o f  th e  a r e a s  o f  

th e  c u rr ic u lu m  w hich , f o r  one re a so n  o r  a n o th e r ,  proved 

d i f f i c u l t  to  im plem ent.

In c lu d ed  u n d e r t h i s  h ead in g  a re  c o u rse s  d e a lin g  w ith  

a v a r i e ty  o f  a r e a s  o f  th e  c u rr ic u lu m  in c lu d in g  th e  f i r s t  

c o u rs e , d i s c r e t e  s t r u c t u r e s ,  s e r v ic e  c o u rs e s ,  o p e ra t in g  

sy s te m s , com puter o r g a n iz a t io n ,  m in ico m p u te rs , system s a n a ly s i s ,  

so f tw a re  e n g in e e r in g , com puter d e s ig n  and a r c h i t e c t u r e ,  

program  d eb ugg ing , advanced program m ing, and com puters 

and s o c ie ty .

D isc u ss io n  o f  th e  f i r s t  c o u rse  have b een  q u i te  e x te n s iv e  

and have in e v i t a b ly  a l s o  r a i s e d  q u e s tio n s  r e l a t i n g  to  th e  

te a c h in g  o f  s e r v ic e  c o u rs e s .  Among th e  q u e s tio n s  r a i s e d  a r e
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w hether such c o u rse s  shou ld  be ta u g h t  s e p a r a te ly  to  d i f f e r e n t  

g roups o f s tu d e n ts  o r  com bined, w h e th er th e y  should  be e x c lu s iv e ly  

ta u g h t  by th e  Computer S c ien ce  D epartm ent o r  by v a r io u s  

d e p a r tm e n ts , which lan g u ag es  should  be in c lu d e d  in  such 

c o u rs e s ,  th e  g e n e r a l  c o n te n t  o f  th e  f i r s t  c o u rs e , and 

p e d ag o g ic a l i s s u e s .

Brady [3 1 ] p o in ts  o u t th e  a d v an tag es  o f  programming 

c o u rse s  b e in g  o f fe re d  in  a number o f  d i f f e r e n t  d e p a r tm e n ts .

In  a p a n e l a t  th e  F i r s t  SIGCSE Symposium, S t e r l i n g  and 

P o llo c k  C l7 l]  d e sc r ib e d  an in t r o d u c to r y  sequence f o r  a l l  

s tu d e n t s ,  w h ile  deCampo [5 9 ] d e s c r ib e s  s p e c ia l  c o u rse s  f o r  

h u m a n is ts . In  th e  same p a n e l B r i l l i n g e r  and Cowan [3 2 ] 

d e s c r ib e  th e  im portance  o f  a c o n s o lid a te d  program  em phasiz ing  

s tu d e n t  o r ie n te d  s o f tw a re .

At th e  Second SIGCSE Symposium Adams and Haden [ l ]  

re p o r te d  a need to  s p l i t  in t r o d u c to r y  c o u rse s  in  programming 

w h ile  o f f e r in g  common c o u rse s  in  "com puter a p p r e c ia t io n " .

R a ls to n  [1 5 2 ] s t r e s s e s  t h a t  th e  p a r t i c u l a r  language  s e le c te d  

f o r  te a c h in g  th e  f i r s t  co u rse  i s  n o t a  s i g n i f i c a n t  f a c t o r .

The d is c u s s io n s  o f  th e  f i r s t  c o u rse  co n tin u e d  a t  th e  

T h ird  SIGCSE Symposium. F is h e r ,  H ankley, and W a lle n tin e  [7 7 ]  

and S a lto n  [1 6 0 ] d is c u s s e d  program s in  which c e r t a i n  a s p e c ts  

o f th e  f i r s t  c o u rse  a r e  common to  a l l  s tu d e n ts ,  w ith  a d d i t io n a l  

work c o n c e n tra t in g  on s p e c ia l  m a te r ia l  a p p r o p r ia te  to  s m a lle r  

g ro u p s . In  th e  Fourth  SIGCSE Symposium th e  id e a s  encom passed 

in  s t r u c tu r e d  programming a re  c o n s id e re d  in  r e l a t i o n  to  

te a c h in g  in t r o d u c to r y  programming; G rie s  [9 3 ]  and K ernighan
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and P lau g e r [1 1 8 ] . In  t h i s  same so u rce  S i s t a r e  and Sondak [1 6 8 ] 

d e s c r ib e  an  in d iv id u a l ly  paced app ro ach  to  th e  p r e s e n ta t io n  

o f th e  f i r s t  c o u rs e .

Van Dam, S t r a u s s ,  McGowan, and Morse [1 7 7 ] , a l s o  in  th e  

F ou rth  SIGCSE Symposium, re p o r te d  on a su rv ey  o f in t r o d u c to r y  

programming c o u r s e s .  T w en ty -fou r i n s t i t u t i o n s  were c o n ta c te d  

re g a rd in g  v a r io u s  a s p e c ts  o f th e  c o u rse  and th e  fo llo w in g  

summary o f  such c o u rse s  was re a c h e d :

U sing th e  s u rv e y 's  r e s u l t s ,  l e t  u s  now o u t l in e  
th e  " ty p ic a l"  in t r o d u c to r y  programming c o u rse  a t  m ajor 
A m erican U n iv e r s i t i e s .  I t  i s  a l a r g e ,  s e r v ic e  co u rse  
ta u g h t  by th e  Computer S c ien ce  d e p a r tm e n t. The p r in c ip a l  
c o u rse  g o a l i s  f o r  th e  s tu d e n ts  to  become p r o f i c i e n t  
in  a  s in g le  programming la n g u a g e . T h is  h ig h  l e v e l  
language  i s  e i t h e r  FORTRAN ( in  th e  g u is e  o f WATFIV o r 
WATFOR) o r  P l / I  ( t y p i c a l l y  th e  PL/C o r  PLAGO s u b s e t s ) .
As p e rc e iv e d  by th e  i n s t r u c t o r s ,  th e  o th e r  u n iv e r s i t y  
d ep a rtm en ts  a r e  v e ry  s a t i s f i e d  w ith  b o th  th e  g o a ls  
and th e  r e s u l t s  o f  th e  in t r o d u c to r y  programming c o u rs e .
A lso  th e  u n iv e r s i t y  i s  v e ry  f l e x i b l e  in  b u d g e tin g  enough 
com puter tim e (money to  meet th e  c o u r s e 's  n e e d s ) .

To a ch ie v e  th e  c o u r s e 's  o b je c t iv e  each  s tu d e n t  
m ust w r i te  a b o u t 300 t o t a l  l i n e s  o f  co d e . T h is cod ing  
r e p r e s e n ts  a b o u t 6 d i f f e r e n t  programming a ss ig n m e n ts .
A t l e a s t  one a ss ig n m en t r e q u i r e s  w r i t in g  o v e r 75 l i n e s  
o f  c o d e . We e s t im a te  t h a t  a s tu d e n t  a v e ra g e s  o v er 10 
h o u rs  p e r week on th e  c o u rse  even though th e  u s u a l  
tu rn a ro u n d  tim e  i s  l e s s  th a n  1 /2  h o u r . l

A d d it io n a l  m a te r ia l  has been p u b lish e d  more s p e c i f i c a l l y

d i r e c te d  to  th e  s e r v ic e  a s p e c ts  o f  programming c o u rs e s .

Goddard [8 4 ]  in  th e  P ro ceed in g s  o f  th e  T h ird  SIGCSE Symposium

c o n s id e rs  th e  problem  o f com puter w ork, in  t h i s  c a se  two

c o u rs e s ,  used  t o  p a r t i a l l y  f u l f i l l  language re q u ire m e n ts

1 . A n d rie s  van Dam, C la rk  M. S t r a u s s ,  C h a lre s  McGowan and Jea n  
M orse, "A Survey o f  I n tr o d u c to r y  and Advanced Programming 
C o u rse s" , SIGCSE B u l le t in  6 , 1 (F eb ru a ry  197 4 ), 175.
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i n  d o c to r a l  program s. In  th e  same s o u rc e , Bateman and P i t t s  [2 5 ]  

a d d re s s  th e  same q u e s t io n  a g a in  r e s u l t i n g  in  two c o u rs e s , 

th e  f i r s t  s im i la r  to  c o u rse  B1 o f "C urricu lum  '6 8 "  and th e  

second , advanced programming in  a h ig h e r  l e v e l  language 

a p p r o p r ia te  to  th e  s tu d e n ts  a r e a .  A lso  in  th e  T hird  SIGCSE 

Symposium P ro ceed in g s  W illoughby [1 8 6 ] p re s e n ts  d a ta  on th e  

a t t i t u d e s  o f b u s in e s s  s tu d e n ts  ta k in g  a programming co u rse  

ta u g h t  in  a Computer S c ien ce  D epartm en t.

R e la te d  c lo s e ly  to  th e  q u e s tio n  o f in t r o d u c to r y  c o u rse s  

and f i r s t  c o u rse s  i s  t h a t  o f  a l t e r n a t i v e s  t o  a c o u rse  l ik e  

B1 o f  "C urricu lum  ’6 8 " . One such a l t e r n a t i v e  which has 

re c e iv e d  a good d e a l  o f  a t t e n t i o n ,  a t  l e a s t  by u s in g  books 

p u b lish e d  a s  a m easure , i s  Computers and S o c ie ty  o r  Computer 

A p p re c ia t io n .

In  th e  P ro ceed in g s  o f  th e  Second SIGCSE Symposium Lee [1 2 2 ] 

d e s c r ib e s  h is  c o u rs e , and sum m arizes th e  u n d e r ly in g  p h ilo so p h y  

o f  such c o u rse s :

I r r e s p e c t iv e  o f  o n e ’s p e rs o n a l  p o s i t io n  on th e  
r o l e  o f  com puters in  s o c ie ty ,  i t  i s  indeed  d e s i r a b le  
t h a t  a l l  c o l le g e  g ra d u a te s  i n  th e  coming y e a rs  have 
a r e a l i s t i c  even though  m inim al u n d e rs ta n d in g  o f  how 
com puters work and how th e y  may be d i r e c te d  to  im plem ent 
and m a in ta in  a lm o s t any d e s i r e d  s o c i a l  sy stem . Con­
s e q u e n tly , th e  p rim ary  purpose  o f t h i s  c o u rse  on com puters 
in  s o c ie ty  i s  to  g iv e  an e lem en ta ry  b u t sound fu n d am en ta l 
u n d e rs ta n d in g  o f  how com puters w ork, what th e y  can d o , 
w hat a p p l ic a t io n s  o f  com puter te ch n o lo g y  c u r r e n t ly  
e x i s t  o r  a re  now in  r e s e a rc h  c o n s id e r a t io n ,  and th e  
r e l a t i o n s h ip s  o f  th e s e  a p p l ic a t io n s  to  th e  r o le  o f  man 
in  s o c ie ty .  T hus, th e  c o u rse  i s  co n ce ived  a s  a c i t i z e n ’s 
s o c i a l  problem s c o u rse  in  w hich much o f  th e  tim e w i l l  
be devo ted  to  d o cu m en ta tio n  o f th e  c la im  t h a t  s o c ie ty  
i s  u n d erg o in g  a com puter r e v o lu t io n  and to  i l lu m in a t io n  
o f  t h i s  p o s i t io n  by th e  p r e s e n ta t io n  o f s e v e r a l  problem
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a re a s  r e s u l t i n g  from  com puter a p p l ic a t io n s  

Lee goes on to  d e s c r ib e  th e  c o u rse  w hich in c lu d e s  a l i t t l e  

program m ing, an  overv iew  o f  com puting , an  overv iew  o f  non­

num eric c o m p u ta tio n , and d is c u s s io n  o f  th e  developm ent and 

f u tu r e  o f  com puter a p p l i c a t io n s .

H o ro w itz , Morgan and Shaw C l06] d e s c r ib e  a c o u rse  on 

Com puters and S o c ie ty  d e a l in g  w ith  p o l i t i c a l ,  econom ic, 

c u l t u r a l ,  s o c i a l  and m ora l i s s u e s . T h is  c o u rse  however was 

d e s ig n e d  f o r  com puter s c ie n c e  s tu d e n ts  and i t s  purpose 

i s  to  g iv e  th e  com puter s c ie n c e  s tu d e n t  an  aw areness o f th e  

im p l ic a t io n s  o f  t h i s  chosen  v o c a t io n .  H orow itz and H orow itz [1 0 7 ] 

a t  th e  T h ird  SIGCSE Symposium, d e s c r ib e  a n o th e r  app ro ach  in  

w hich com puter s c ie n c e  s tu d e n ts  and o th e r  s tu d e n ts  a r e  combined 

i n  a team  ta u g h t  i n t e r d i s c i p l i n a r y  co u rse  in  Com puters and 

S o c ie ty .

Such c o u rs e s  and m a te r ia l  i s  a l s o  re fe re n c e d  in  A u stin g  

and E ngel [ 2 2 ] ,  and th e  W heaton C onference  [1 2 1 ] w hich a re  

c o n s id e re d  in  C h ap te r 6 . In  th e  fo rm er r e p o r t  m a te r ia l  

on im p l ic a t io n s  o f  com puting i s  in c lu d e d  in  a second c o u rse  

w ith  programming a s  a p r e r e q u i s i t e .  In  th e  l a t t e r  c a s e ,  

i t  was f e l t  t h a t  such i s s u e s  a re  w e l l  h an d led  by in c lu s io n  

o f  m a te r ia l  in  e x i s t i n g  c o u rs e s , and where r e s o u rc e s  a r e  s h o r t  

th e r e  i s  no p re s s in g  need to  in tro d u c e  th e  m a te r ia l  a s  a 

s p e c i a l  c o u r s e .

2~. Hans E . L ee , "Com puters in  S o c ie ty —A Course D e s c r ip t io n ,  
P urpose and R a t io n a le ” , SIGCSE B u l le t in  4 , 1 (March 1 9 7 2 ), 97.
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R ela ted  to  programming c o u rse s  g e n e r a l ly  and th e  f i r s t  

co u rse  in  p a r t i c u l a r  i s  th e  q u e s tio n  o f  c o r r e c t in g  o r  debugging  

a program . Heilman and Ashby [1 0 4 ] o b se rv e  t h a t  w h ile  t h i s  

i s  an  im p o r ta n t a re a  to  th e  p r a c t i c in g  com puter s c i e n t i s t ,  

i t  i s  n e g le c te d  in  most c u r r i c u l a .  M ath is C l32] s p e c i f i e s  

and d is c u s s e s  a c o u rse  in  debugging  which a l s o  in c lu d e s  

d is c u s s io n s  o f  v a r io u s  l e v e l s  o f  debugging  te c h n iq u e s  as  

w e l l  a s  methods f o r  p re p a ra t io n  o f  l e s s  e r ro r - p ro n e  p rogram s.

The D is c r e te  S t r u c tu r e s  C ourse (C ourse B3 o f  "C urricu lum  

'6 8 ” ) h a s  r e c e iv e d  c o n s id e ra b le  a t t e n t i o n .  A lthough  F is c h e r  [7 6 ] 

c la im s  th e  c o u rse  s p e c i f ie d  in  "C u rricu lum  ’68" i s  e f f e c t i v e l y  

ta u g h t  in  m ost i n s t i t u t i o n s ,  th r e e  p a p e rs , E ngel and Jo n es  [7 3 ] ,  

Yeh, Good and M usser [1 8 8 ] , and Trem blay and Manohar [1 7 6 ] , 

have a d d re sse d  t h i s  c o u r s e . These p ap ers  have a tte m p ted  to  

d e l im i t  th e  c o u rse  s p e c i f i c a t i o n s  g iv e n  in  "C u rricu lu m  '6 8 "  

and show how th e  c o u rse  can  be f i t  i n to  and m o tiv a te d  a t  

th e  e lem en ta ry  l e v e l .  Trem blay and Manohar co n c lu d e  t h a t  

th e  to p ic s  o f  d i s c r e t e  m athem atics a r e  b road  enough, and o f  

enough s ig n i f ic a n c e  to  th e  com puter s c ie n c e  s tu d e n t  t o  r e q u i r e  

th e  e q u iv a le n t  o f  two s e m e s te r s . W hile Yeh, Good and M usser 

su g g e s t a one sem e s te r  c o u rse  in  d i s c r e t e  s t r u c t u r e s ,  th e y , 

a t  th e  same t im e , s p e c ify  a second c o u rse  in  c o m p u ta tio n a l 

a n a ly s i s  which b u i ld s  on th e  d i s c r e t e  s t r u c tu r e s  c o u rs e , 

and c o v e rs  th e  to p ic s  o f  c o m p u ta tio n a l a n a l y s i s ,  c o m p u ta tio n a l 

c o r r e c tn e s s ,  and com puting tim e  a n a ly s i s .

In  a d d i t io n  to  commenting on th e  D is c r e te  S t r u c tu r e s  

c o u rse  o f "C u rricu lum  l 68", F is c h e r  [7 6 ]  c o n s id e r s  o th e r
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c o u rse s  in  th e  t h e o r e t i c a l  a r e a s .  S w itch in g  Theory (16) 

and S e q u e n t ia l  M achines (1 7 ) , he f e e l s  a r e  a l s o  w e ll  s p e c i f ie d  

in  te rm s o f c u r r e n t  p r a c t i c e .  The advanced c o u rse s  A1 (Form al 

Languages and S y n ta c t ic  A n a ly s is )  and A7 (T heory o f  Computa­

b i l i t y )  a r e  in  need o f  a t t e n t i o n .  C ourse A1 co u ld  be made more 

p r a c t i c a l  in  n a tu re  by encom passing  to p ic s  in  lan g u ag e  re s e a rc h  

such  a s  p a rs in g  methods and a b s t r a c t  f a m i l ie s  o f  la n g u a g e s .

The m a te r ia l  w ith in  A7 w ith  some m o d if ic a t io n s ,  such a s  rem oval 

o f  r e c u r s iv e  f u n c t io n  th e o ry  and in t r o d u c t io n  o f c o m p u ta tio n a l 

c o m p le x ity , a n a ly s i s  o f  a lg o r i th m  and program  sch em ata , 

co u ld  be s p l i t  in to  two c o u rs e s .  The f i r s t  c o u rse  would 

be a t  th e  s e n i o r - f i r s t - y e a r  g ra d u a te  l e v e l  and c a r r i e s  a 

su g g es te d  t i t l e  o f " In t r o d u c t io n  t o  C o m p u ta b ility  Theory 

and Form al L anguages":

T h is  c o u rse  i s  d e s ig n e d  to  in tro d u c e  th e  advanced 
u n d e rg ra d u a te  o r  f i r s t - y e a r  g ra d u a te  t o  fo rm a l system s 
o f co m p u ta tio n  ( in c lu d in g  fo rm a l la n g u a g e s )  and t o  g iv e  
him  a  b a s ic  u n d e rs ta n d in g  o f  th e  n a tu re  o f  th e  u n s o lv a ­
b i l i t y  phenomena which p ervade  a t te m p ts  t o  deduce 
c o r r e c tn e s s  o f  program s e q u iv a le n c e  o f  a lg o r i th m s , e t c . 3

The o th e r  c o u rs e , rem a in in g  a t  th e  advanced l e v e l  would concen­

t r a t e  on c o m p u ta tio n a l c o m p le x ity , a n a ly s i s  o f  a lg o r ith m s  

and program  sch em a ta .

The a re a  o f  O p e ra tin g  System s has r e c e iv e d  a good d e a l  

o f  c o v e rag e , in c lu d in g  th e  d e t a i l e d  r e p o r t  o f th e  COSINE 

Committee Task Force on O p e ra tin g  System s [5 2 ] .  T h is  r e p o r t

3^ P . C. F is c h e r ,  ^Theory o f Computing in  Computer S c ien ce  
E d u c a tio n " , P ro ceed in g s  o f  th e  AFIPS 1972 SJCC (AFIPS P r e s s ,  
M ontvale, New J e r s e y ,  1 9 7 ? ) , p . 860.
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g iv e s  d e t a i l e d  s p e c i f i c a t i o n s  f o r  e ig h t  modules c o v e r in g  th e  

v a r io u s  a s p e c ts  o f  th e  s u b je c t s ;  I n t r o d u c t io n ,  P ro ce d u re s , 

P ro c e s s e s ,  Memory Management, Name Management, P r o te c t io n ,

R esource  A l lo c a t io n ,  and P ragm atic  A sp e c ts . D enning [6 1 ]  

c o n s id e r s  ways in  w hich t h i s  m a te r ia l  can  be p u t to g e th e r  

in to  a  c o u rs e , and i t s  p la c e  w ith in  th e  C u rricu lu m . A d d i t io n a l ly ,  

he com pares th e  work o f th e  COSINE Task Force on O p era tin g  

System s w ith  s im i la r  c o u rse  work in  "C u rricu lum  ’68":

The c o u rse  i t s e l f  i s  r e l a t e d  t o  ACM’s system s 
programming c o u rse  (ACM C ourse 1 -4 )  b u t d i f f e r s  in  
a t  l e a s t  two s i g n i f i c a n t  w ays. F i r s t  th e  ACM o u t l in e  
s u g g e s ts  a " d e s c r ip t iv e " ,  c a s e - s tu d y  app ro ach  w heras 
t h i s  c o u rse  i s  o rg a n iz e d  a lo n g  c o n c e p tu a l l i n e s .
Second, ACM's c o u rse  em phasizes te c h n iq u e s  o f  system s 
programming w heras t h i s  co u rse  em phasizes th e  p r in c ip le s  
o f  system  o rg a n iz a t io n  and o p e r a t io n .  T h is  s h i f t  in  
em phasis i s  made p o s s ib le  by new d ev e lo p m en ts , s in c e  
th e  ACM r e p o r t  p re d a te s  th e  a p p ea ran ce  o f much o f th e  
m odeling and a n a ly s i s  m a te r ia l  on w hich t h i s  c o u rse  
i s  b a s e d .4

Work in v o lv in g  th e  p r e s e n ta t io n  o f o p e ra t in g  system s 

c o u rs e s  w ere r e p o r te d  p r io r  to  th e  p u b l ic a t io n  o f th e  COSINE 

Committee recom m endations. In c lu d ed  in  th e s e  i s  E n g e l’s 

r e p o r t  on th e  C^S Programming System  Workshop o f 1969 [6 9 ]  

w hich c o n s id e re d  c o u rse s  o f f e re d  a t  th e  U n iv e r s i ty  o f  P e n n sy lv an ia , 

U n iv e r s i ty  o f M ich igan , U n iv e r s i ty  o f  Iow a, Purdue U n iv e r s i ty ,  

S ta n fo rd  U n iv e r s i ty ,  th e  U n iv e r s i ty  o f  T ex as, C o rn e ll  

U n iv e r s i ty ,  C a rn eg ie -M ello n  U n iv e r s i ty ,  th e  U n iv e r s i ty  o f 

C a l i f o r n i a ,  B e rk e le y , and th e  U n iv e r s i ty  o f  I l l i n o i s .  In c lu d ed

P e te r  J .  D enning , O p e ra tin g  System s P r in c ip le s  and U ndergrad­
u a te  Computer S c ien ce  C u r r ic u la  (Computer S c ien ce  L a b o ra to ry , 
D epartm ent o f E l e c t r i c a l  E n g in e e r in g , P r in c e to n  U n iv e r s i ty ,  
T echn ica l- R ep o rt TR-99, Septem ber 1 9 7 1 ), p . 10.
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in  t h i s  r e p o r t  a re  c o u rse  o u t l in e s  and sam ple e x a m in a tio n s .

The F i r s t  SIGCSE Symposium a ls o  had d is c u s s io n s  o f  t h i s  to p ic  

w ith  Denning [6 0 ] r e p o r t in g  on work t h a t  would be c lo s e ly  

r e l a t e d  to  th e  developm ent o f  th e  COSINE recom m endations, 

and Graham [9 0 ]  r e p o r t in g  on a c a s e - s tu d y  a p p ro ach .

R eported  work in  th e  o p e ra t in g  sy s te m s , o r  system s 

programming c o u rse  a re a  su b seq u en t to  th e  p u b l ic a t io n  o f 

th e  COSINE Committee R ep o rt has been m ain ly  concerned  w ith  

s tu d e n t  o r ie n te d  so ftw a re  f o r  such c o u r s e s .  Among th e  system s 

so d e s c r ib e d  a re  th e  HMS 5050 [1 8 5 ] , ATOPSS [1 7 5 ] , SLIC [2 7 ] , 

ASSIST [128 , 1 2 9 ], POPSS [1 8 0 ] , and MIX [ 9 1 ] .  In  a l l  th e s e  

c a s e s  th e  i n t e g r a t io n  of th e s e  p e d a g o g ic a l a id s  to  th e  

o p e ra t in g  system s a re a  i s  s t r e s s e d .

R e la te d  to  th e  developm ent o f th e  p e d a g o g ic a l s o f tw a re , 

i s  th e  q u e s tio n  o f s p e c ia l  com puting equipm ent f o r  a  com puter 

s c ie n c e  la b o r a to r y  in  which th e  s tu d e n ts  have a m achine, 

in d e p en d e n t o f  th e  c e n t r a l  com puting f a c i l i t y ,  f o r  e x p e rim en ta ­

t i o n  and r e s e a r c h .  Hunt [1 0 9 ] r e p o r te d  on th e  s i t u a t i o n  a t  

th e  U n iv e r s i ty  o f W ashington a t  th e  F i r s t  SIGCSE Symposium.

In  t h i s  c a se  th e  d ep artm en t has a XDS Sigma 5 d e d ic a te d  t o  

s tu d e n t  and f a c u l ty  r e s e a r c h .  The g e n e r a l  p h ilo so p h y  and 

re q u ire m e n t f o r  a  d e d ic a te d  d e p a r tm e n ta l  com puter, o r  com puter 

s c ie n c e  la b o r a to r y  i s  f u r t h e r  e x p lo re d  in  two p ap e rs  p re se n te d  

a t  th e  Second SIGCSE Symposium; Eckhouse [6 5 ]  and S ta rk  [1 7 0 ] .

The q u e s t io n  o f m inicom puters and t h e i r  r e l a t i o n s h i p  

to  th e  com puter s c ie n c e  la b o r a to r y  i s  a d d re sse d  in  th e  A p r i l  

1972 r e p o r t  o f  th e  Task Force on M inicom puters o f  th e  COSINE
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Committee [5 3 ] .  Though o r i g i n a l l y  aimed a t  D epartm ents o f  

E l e c t r i c a l  E n g in e e rin g , th e  r e p o r t  h o ld s  c o n s id e ra b le  re le v a n c e  

to  com puter s c ie n c e  e d u c a tio n :

Today’s e l e c t r i c a l  e n g in e e r  m ust be f a m i l i a r  w ith  
th e  c h a r a c t e r i s t i c s  and o p e ra t io n s  o f  m in ico m p u te rs .
T h is  means t h a t  e v e ry  e l e c t r i c a l  e n g in e e r in g  d ep artm en t 
shou ld  have a t  l e a s t  one m inicom puter a v a i l a b le  f o r  
u se  a s  p a r t  o f  th e  u n d e rg ra d u a te  la b o r a to r y  program .
C o st i s  no lo n g e r  a l im i t in g  f a c to r  s in c e  i t  i s  p o s s ib le  
to  o b ta in  a b a s ic  system  f o r  a p p ro x im a te ly  s ix  thousand  
d o l l a r s .  Once a b a s ic  system  i s  i n s t a l l e d  i t  can be 
s lo w ly  expanded by a d d in g  p e r ip h e r a ls  a s  th e  u se  o f  
th e  system  g r o w s . 5

The ta s k  f o r c e ,  in  j u s t i f y i n g  t h i s ,  n o te s  th e  fo llo w in g  e ig h t

e d u c a t io n a l  o b je c t iv e s ,  o f  w hich th e y  f e e l ,  o n ly  th e  f i r s t

two can  be met by th e  u s u a l  c e n t r a l  com puting f a c i l i t y :

1) To p ro v id e  t r a i n i n g  and e x p e r ie n c e  u s in g  h ig h  
l e v e l  lan g u ag es

2) To p ro v id e  t r a i n i n g  and programming e x p e r ie n c e  
u s in g  m achine code and assem bly  l e v e l  co d in g

3) To te a c h  th e  s tu d e n t  th e  fu n d am en ta ls  o f  m achine 
o rg a n iz a t io n

4 ) To p ro v id e  th e  s tu d e n t  w ith  an e x p e r im e n ta l 
f a c i l i t y  to  t e s t  th e  id e a s  and c o n ce p ts  p re se n te d  in .  
c o u rse s  on O p e ra tin g  System s

5) To p ro v id e  th e  s tu d e n ts  w ith  an  e x p e r im e n ta l 
f a c i l i t y  to  t e s t  th e  id e a s  and c o n c e p ts  le a rn e d  in  
c o u rs e s  d e a l in g  w ith  i n t e r f a c in g  and d a ta  p ro c e ss in g

6) To p ro v id e  th e  s tu d e n t  w ith  an e x p e r im e n ta l
f a c i l i t y  to  t e s t  o u t id e a s  and c o n ce p ts  le a rn e d  in
c o u rs e s  on d i g i t a l  p ro c e ss  c o n t r o l ,  d i g i t a l  t e s t i n g  
and equipm ent m o n ito r in g

7) To p ro v id e  s tu d e n ts  w ith  an o p p o r tu n i ty  to  
u n d e rs ta n d  by hands on e x p e r im e n ta tio n , th e  r e l a t i o n s h ip s  
and i n t e r a c t io n s  betw een hardw are and so ftw a re  and
th e  problem s p re se n te d  by r e a l - t im e  programming problem s

8) To p ro v id e  th e  s tu d e n t  w ith  an o p p o r tu n i ty  to
u t i l i z e  th e  com puter a s  a system  e le m e n t.°

5. COSINE C om m ittee, M inicom puters in  th e  D i g i t a l  L a b o ra to ry  
Program  (N a tio n a l Academy o f E n g in e e rin g , W ashing ton , D. C ., 
A p r i l  1 9 7 2 ), 22.

6 . I b i d . ,  p. 5.
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In  th e  P ro ceed in g s  o f  th e  T h ird  SIGCSE Symposium M arsland 

and T a r ta r  [1 2 7 ] d is c u s s  t h e i r  e x p e r ie n c e  in  te a c h in g  a 

c o u rse  in  m in icom puter system s u t i l i z i n g  a la b o r a to r y  s i t u a t i o n  

s im i la r  to  t h a t  d e s c r ib e d  by th e  COSINE Task F o rce .

The COSINE C o m m ittee 's  t a s k  fo rc e  on th e  Computer 

O rg a n iz a tio n  C ourse p u b lish e d  a r e p o r t  in  O ctober 1968 [4 8 ] .

The recom m endations o u t l in e d  i n  t h i s  r e p o r t  g iv e  more d e ta i l e d  

co u rse  o u t l i n e s ,  b u t co v e r ro u g h ly  th e  same m a te r ia l  a s  i s  

covered  in  C ourse 13 (Computer O rg a n iz a tio n )  and C ourse A2 

(Advanced Computer O rg a n iz a tio n )  o f  "C u rricu lum  ’68".

C lo se ly  r e l a t e d  to  q u e s tio n s  o f  com puter o rg a n iz a t io n  

i s  com puter a r c h i t e c t u r e .  A t th e  F o u rth  SIGCSE Symposium,

S lo an  [1 6 9 ] r e p o r te d  on th e  c u r r e n t  s t a t u s  o f  o f f e r in g s  in  

t h i s  a r e a .  U sing th e  r e s u l t s  o f  a 1972 COSINE su rv e y , he 

i d e n t i f i e d  two c o u rs e s  B2 (Com puters and Programming) and 13 

(Computer O rg a n iz a tio n )  o f  "C u rricu lu m  ’68" a s  ro u g h ly  e q u iv a ­

l e n t  t o  COSINE C ourses Machine S t r u c tu r e  and Machine Language 

Program m ing, and Computer O rg a n iz a tio n  r e s p e c t iv e ly .  In  

th e  su rv ey  o f  151 E l e c t r i c a l  E n g in e e rin g  D epartm ents i t  was 

found t h a t  55.4% o f f e re d  th e  c o u rse  e q u iv a le n t  to  B2 w ith  

35.1% h av in g  th e  c o u rse  o f f e re d  by a n o th e r  d e p a r tm e n t, u s u a l ly  

com puter s c ie n c e ,  and 68.3% o f f e re d  th e  c o u rse  13 w ith  

26.8% h a v in g  th e  c o u rse  o f f e re d  by a n o th e r  d e p a r tm e n t, a g a in  

u s u a l ly  com puter s c ie n c e .  S lo an  w ent on to  d is c u s s  ways in  

w hich th e  c o u rs e s  d i f f e r e d  from  th e  g iv e n  recom m endations, 

n o tin g  t h a t  th e y  seemed to  f a l l  i n to  f iv e  b a s ic  c a ta g o r ie s :
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1) I n t r o d u c to r y  com puter e n g in e e r in g  c o u rse s  w ith  
a  com puter a r c h i t e c t u r e  f l a v o r ;

2 )  S o f tw a re -o r ie n te d  com puter o rg a n iz a t io n  c o u rs e s ;
3 ) H a rd w are -o rie n ted  com puter o rg a n iz a t io n  c o u rs e s ;
4 )  Case s tu d y  c o u rse s
5) T o p ic a l sem in ars?

In  t h i s  same volum e, Thomas [1 7 4 ] d is c u s s e d  th e  o b je c t iv e s  

and p lacem ent o f  c o u rs e s  in  com puter a r c h i t e c t u r e  in  th e  

c u r r ic u lu m , w h ile  C la rk  [3 6 ]  o u t l in e s  th e  p o s i t io n  and c o n te n t  

o f t h i s  m a te r ia l  i n  th e  d o c to r a l  program . E l l i s  and Wann [6 8 ]  

a t  th e  Second SIGCSE Symposium d e s c r ib e d  how s p e c i a l l y  d e s ig n e d  

hardw are macromodules can  be u sed  a s  a p e d a g o g ic a l a id  in  

te a c h in g  com puter a r c h i t e c t u r e .

C o n s id e ra tio n  h as  been  g iv e n  to  th e  problem s o f p re p a ra t io n  

o f  r e l i a b l e  s o f tw a re . Much o f  t h i s  work i s  now c o n s id e re d  

u n d e r th e  t i t l e  o f  s t r u c tu r e d  program m ing, b u t has a l s o  

been  re fe re n c e d  a s  so f tw a re  e n g in e e r in g .8 P arn as  [1 4 5 ] 

d e sc r ib e d  how m a te r ia l  o f  t h i s  ty p e  f i t s  in to  a c u r r ic u lu m .

He in c lu d e s  a d e s c r ip t i o n  o f th e  g e n e r a l  te rm :

The te rm  " so f tw a re  e n g in e e r in g "  i s  o f te n  u sed  to  
d e n o te  th e  b u i ld in g  o f  commonly used  system s program s 
such a s  a s s e m b le r s ,  c o m p ile rs ,  and o p e ra t in g  sy s te m s .
In  th e  d e s ig n  o f  t h i s  c o u rse  I  have ta k e n  a much b ro a d e r  '

T . M. E . S lo a n , "Computer A r c h i te c tu r e  in  U. S . and C anadian  
E l e c t r i c a l  E n g in e e rin g  D e p artm en ts" , SIGCSE B u l le t in  6 , 1 
(F eb ru a ry  19 7 4 ), 113.

8 . A c o n fe re n c e  on S o ftw are  E n g in e e rin g  and i t s  im pact on 
e d u c a tio n  was h e ld  in  A n n ap o lis  in  1969. No r e p o r t s  were 
p u b lish e d  on t h i s  c o n fe re n c e . R e fe ren c es  in  th e  a re a  in c lu d e  
two r e p o r t s  o f th e  NATO S c ie n ce  C om m ittee, S o ftw are  E n g in e e r in g , 
P e te r  Naur and B rian  R a n d e ll  ( e d . ) ,  J a n u a ry  1969, and S o ftw are  
E n g in e e r in g  T ech n iq u es , J .  N. Buxton and B. R a n d e ll ( e d . ) ,
A p r i l  1970.
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v iew . I  ta k e  th e  view  t h a t  programming i s  ta u g h t  in  
o u r b a s ic  c o u rs e s  a s  a s o lo  a c t i v i t y .  Such c o u rse s  
te a c h  programming te c h n iq u e s  t h a t  a re  s u i t a b l e  f o r  u se  
by a s in g le  p e rso n  c o n s t r u c t in g  a program  w hich w i l l  
n o t be to u ch ed  by o th e r  p e o p le . In  c o n t r a s t ,  I  f e e l  
t h a t  th e  e s s e n t i a l  c h a r a c t e r i s t i c  o f  a_ so ftw a re  e n g in e e r in g  
ta s k  i s  t h a t  many peo p le  w i l l  be in v o lv e d  w ith  th e  p ro d u c t . 
E i th e r  s e v e r a l  peo p le  w i l l  c o o p e ra te  in  p ro d u c in g  i t ,  
o r  i t  w i l l  be used o r  m o d ified  by p e rso n s  o th e r  th a n  
th e  o r i g i n a l  w r i t e r .  The c o u rse  em phasizes p ro c e d u re s  
w hich a re  o p t io n a l  and m igh t be s u p e r f lu o u s  f o r  so lo  
program m ing t a s k s ,  b u t a r e  im p o r ta n t i f  s e v e r a l  peop le  
a r e  in v o lv e d .9

The in t e g r a t i o n  o f  b u s in e s s  o r ie n te d  c o u rs e s  in to  a 

com puter s c ie n c e  c u rr ic u lu m  i s  a d d re ssed  in  a p ap er by 

E in -D or and Lyons [6 6 ] .  A f te r  p re s e n t in g  some s t a t i s t i c s  

show ing t h a t  a la r g e  number o f  th e  g ra d u a te s  o f  com puter 

s c ie n c e  program s go in to  b u s in e s s  o r ie n te d  f i e l d s ,  th e  a u th o rs  

p ropose  fo u r  c o u rs e s ;  O p tim iz a tio n  T echn ique, P r o b a b i l i ty  

Models and Q ueing T heory , In t r o d u c t io n  to  S im u la tio n  Languages 

and E x p e rim en ts , and System  S im u la tio n . The to p ic s  p re s e n te d  

in  t h i s  p ap er a r e  f u r t h e r  a d d re sse d  by th e  work o f th e  ACM 

C u rricu lu m  Committee on Computer E d u c a tio n  f o r  Management 

w hich i s  r e fe re n c e d  in  C h ap te r 6.

Summary

The l i t e r a t u r e  o f  com puter s c ie n c e  e d u c a tio n  c o n ta in s  

a  number o f  r e f e r e n c e s  to  s p e c i f i c  c o u rs e s ,  p ro v id in g  

ex p an s io n  on th e  c o u rse  m a te r ia ls  g iv e n  in  th e  c u rr ic u lu m  

s t u d i e s .

The f i r s t  c o u rse  has re c e iv e d  c o n s id e ra b le  s tu d y

W . D. L. P a rn a s , *'A C ourse on S o ftw are  E n g in e e rin g  T ech n iq u es” , 
SIGCSE B u l le t in  4,. 1 (March 1972), 154.
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fo c u s in g  on q u e s tio n s  o f pedagogy, and th e  u se  o f  t h i s  co u rse  

a s  a s e r v ic e  c o u r s e .  R e c e n tly  a t t e n t i o n  has been  g iv e n  to  

th e  in t r o d u c t io n  of th e  id e a s  o f programming s t y l e  and 

s t r u c t u r e  in  t h i s  c o u rs e .  A l te r n a t iv e s  to  th e  f i r s t  c o u rs e , 

a t  l e a s t  a s  a s e r v ic e  c o u rs e , have been proposed in  com puter 

a p p r e c ia t io n  c o u rs e s .

D is c r e te  s t r u c tu r e s  a s  proposed in  "C urricu lum  ’68" 

has p re se n te d  some problem s in  im p le m e n ta tio n , and as a 

r e s u l t  has r e c e iv e d  a t t e n t i o n  in  th e  l i t e r a t u r e .  I s s u e s  

d is c u s s e d  have fo cu sed  on th e  p lacem ent o f th e  c o u rse  in  

th e  c u r r ic u lu m , methods o f m o tiv a tio n  and w h e th er o r  n o t th e  

m a te r ia l  needed r e q u i r e s  more th a n  one th r e e  sem es te r hour 

c o u rse  f o r  c o v e ra g e .

O p e ra tin g  system s has re c e iv e d  c o n s id e ra b le  s tu d y  w ith  

th e  COSINE Committee r e p o r t  r e d e f in in g  t h i s  c o u rse  in  term s 

o f  developm ents and e x p e r ie n c e  s in c e  th e  p u b l ic a t io n  o f 

"C u rricu lu m  ’6 8 " . C o n s id e ra b le  e f f o r t  has a ls o  been e v id e n t  

in  th e  developm ent o f  s p e c ia l  so f tw a re  sy stem s f o r  such c o u rs e s .

Q u e s tio n s  o f  th e  u t i l i t y  o f th e  c e n t r a l  u n iv e r s i ty  

com puting system  f o r  u se  in  com puter s c ie n c e  c o u rs e s  have 

been r a i s e d ,  and s p e c ia l  la b o r a to r y  com puters f o r  th e  d e p a r t ­

m ents have been su g g e s te d . R e la te d  t o  t h i s ,  th e  in t r o d u c t io n  

o f  m in ico m p u te rs , t o  s e rv e  t h i s  la b o r a to r y  need , and a s  an 

o b je c t  o f  s tu d y  in  th e m se lv e s , has been p ro p o sed .

C o n s id e ra tio n  has been  g iv e n  to  c o u rse s  in  com puter 

o rg a n iz a t io n  and com puter a r c h i t e c t u r e .  These c o n s id e ra t io n s
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have focu sed  on th e  p o s i t io n  o f  such c o u rse s  in  th e  c u rr ic u lu m , 

c o u rse  c o n te n t ,  and p e d a g o g ic a l a id s .

Work has been  e v id e n t  in  many o th e r  a s p e c ts  o f  com puter 

s c ie n c e  e d u c a tio n  w ith  r e p o r te d  a c t i v i t i e s  in  th e  a re a s  o f  

b u s in e s s  o r ie n te d  c o u rs e s ,  so f tw a re  e n g in e e r in g ,  and th e o ry  

c o u r s e s .
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C h ap te r 6 -  S ubsequen t Work

The p u b l ic a t io n  o f  "C urricu lum  T68" d id  n o t com plete  

fo rm a l work on c u rr ic u lu m  in  com puter s c ie n c e .  C3S became 

a s ta n d in g  com m ittee o f  th e  A s s o c ia t io n  f o r  Computing 

M achinery , and h a s  been in v o lv ed  in  s e v e r a l  p r o je c t s  s in c e  

p u b l ic a t io n  o f  "C urricu lum  T6 8". In  a d d i t io n  a n o th e r  com m ittee 

o f  ACM h as  c o n s id e re d  academ ic work in  in fo rm a tio n  sy stem s, 

w h ile  o th e r  g roups have a l s o  been  in v o lv ed  i n  c u rr ic u lu m  in  

com puter s c ie n c e .  I t  w i l l  be th e  purpose  o f t h i s  c h a p te r  to  

lo o k  a t  th e s e  v a r io u s  e f f o r t s .

I t  was no ted  in  C h ap te r 2 t h a t  C3S d id  n o t re g a rd  i t s  

work a s  com plete  w ith  th e  p u b l ic a t io n  o f  "C u rricu lum  T68” 

and indeed  p lanned  to  a d d re s s  such problem s a s  program s f o r  

s m a l le r  c o l l e g e s ,  ju n io r  c o l le g e s  and t e c h n i c a l  s c h o o ls ;  

th e  r e l a t i o n s h i p  o f com puter s c ie n c e  to  o th e r  d i s c i p l i n e s ;  

program  im p lem en ta tio n  p ro b le m s; g ra d u a te  p ro g ram s; and t h a t  

a program  o f  c o n s u l t a t io n  and v i s i t a t i o n  would be sponsored  

by th e  C om m ittee. These o b je c t iv e s  have a l l  been  met to  

v a ry in g  d e g re e s  w ith  th e  e x c e p tio n  o f  program s f o r  ju n io r  

c o l le g e s  and t e c h n i c a l  s c h o o ls .  I t  was g e n e r a l ly  found t h a t  

th e  problem s o f  th e s e  i n s t i t u t i o n s  were q u i te  d i f f e r e n t  from  

th o s e  o f th e  fo u r  y e a r  s c h o o ls  and ACM has formed a s e p a ra te  

com m ittee on com puter s c ie n c e  in  ju n io r  c o l l e g e s .  I n i t i a l  

work i n  t h i s  a re a  i s  re p o r te d  by C o n n elly  [4 4 ] .

Though n o t a d i r e c t  a c t i v i t y  o f  C^S, s e v e r a l  members 

o f  th e  C om m ittee, jo in e d  w ith  o th e r  p r o f e s s io n a ls  in  1968 

to  form  th e  ACM S p e c ia l  I n t e r e s t  Group on Computer S c ien ce
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E d u cation  (SIGCSE):

The o b je c t iv e s  and p u rp o ses  w hich le d  t o  th e  
fo rm a tio n  o f SIGCSE can  be s ta t e d  in  te rm s o f  i t s  g o a l:  
to  encourage  and a s s i s t  in  th e  developm ent o f  e f f e c t i v e  
academ ic program s and c o u rse s  in  com puter s c ie n c e .

In  a cco rd an ce  w ith  t h i s  s ta t e d  g o a l ,  SIGCSE has 
a tte m p te d  to  do th e  fo llo w in g :

1) C o l le c t  and d is s e m in a te  in fo rm a tio n  
c o n c e rn in g  c o u rse s  and program s o f f e re d  a t  th e  
c o l le g e  l e v e l .

2 ) O rganize  and p re s e n t  t e c h n ic a l  p a n e l 
s e s s io n s  a t  n a t io n a l  m eetin g s  and when a p p r o p r ia te ,  
o rg a n iz e  in d ep en d en t t e c h n i c a l  sym posia .

3) C hannel u s e f u l  in fo rm a tio n  developed  by 
SIGCSE members to  th e  a t t e n t i o n  o f  o th e r  ACM 
e d u c a t io n a l  a c t i v i t i e s  and c o m m itte e s .

4 ) P u b lish  in  th e  SIGCSE B u l l e t in  such  program  
d e s c r ip t i o n s ,  c o u rse  s y l l a b i ,  problem  s e t s ,  and 
o th e r  ite m s  such a s  news and d is c u s s io n  item s 
w hich a r e  o f p a r t i c u l a r  re le v a n c e  to  i t s  members.
In  a d d i t io n ,  SIGCSE a l s o  p la n s  to  p u b lis h  th e  
p ro c e ed in g  o f  i t s  s p e c i a l  t e c h n ic a l  sym posium .1

S in ce  i t s  fo u n d in g , th e  SIGCSE B u l le t in  h a s  been a  most

s i g n i f i c a n t  c o n t r ib u t io n  to  com puter s c ie n c e  e d u c a tio n .

SIGCSE has h e ld  fo u r  w e ll  a t te n d e d ,  h ig h  q u a l i ty  sym posia

w ith  th e  p ro c e ed in g s  o f  each  b e in g  m ajor c o n t r ib u t io n s  to

th e  f i e l d ;  a d d i t i o n a l  sym posia a r e  p lanned  a s  an  a n n u a l

e v e n t .

R e tu rn in g  to  th e  sponsored  a c t i v i t i e s  o f  C^S; w ith in

"C urricu lum  '6 8 "  re f e re n c e  i s  made to  f u tu r e  work in v o lv in g

d o c to r a l  program s:

In  1966 P ro fe s s o r  Thomas H u ll was asked  by ACM 
to  examine th e  q u e s tio n  o f  d o c to r a l  program s in  com puter 
s c ie n c e .  A f te r  d is c u s s io n  w ith  th e  members o f  t h i s  
Committee and w ith  many o th e r  i n t e r e s t e d  p e rs o n s ,

1 . R obert M. A iden , "P u rp o se , G o a ls , and A c t i v i t i e s  o f  SIGCSE", 
P ro ceed in g s  o f  th e  IF IP  World C onference  on Computer E d u ca tio n  
1970 (S c ien ce  A s s o c i a t e s / I n t e r n a t io n a l ,  New Y ork, 197077 
p . 1 1 /1 5 3 .
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P r o fe s s o r  H u ll d ec id ed  to  s o l i c i t  a  s e r i e s  o f  a r t i c l e s  
on th e  r e s e a rc h  and te a c h in g  a r e a s  w hich m ight be in v o lv ed  
in  d o c to r a l  p rogram s. Each a r t i c l e  i s  to  be w r i t t e n  
by an  e x p e r t  i n  th e  p a r t i c u l a r  s u b je c t  a r e a ,  such  
a s  programming la n g u a g e s , system s program m ing, com puter 
o r g a n iz a t io n ,  n u m e ric a l m a th em atics , au tom ata  th e o ry ,  
la r g e  sy s te m s , and a r t i f i c i a l  i n t e l l i g e n c e .  Each 
a r t i c l e  i s  to  a t te m p t to  c o n s id e r  a l l  a s p e c ts  o f  th e  
s u b je c t  a re a  w hich m ight be h e lp f u l  to  th o se  d e v e lo p in g  
a g ra d u a te  program , in c lu d in g  a s  many o f  th e  fo llo w in g  
to p ic s  a s  p o s s ib le :

a )  D e f in i t io n  o f  th e  s u b je c t  a r e a ,  p o s s ib ly  
i n  te rm s o f  an a n n o ta te d  b ib l io g r a p h y .

b ) P r e r e q u i s i t e s  f o r  work in  th e  a re a  a t  th e  
d o c to r a l  l e v e l .

c )  O u tlin e s  o f  a p p r o p r ia te  g ra d u a te  c o u rs e s  
in  th e  a r e a .

d ) Examples o f  q u e s t io n s  f o r  q u a l i f y in g  
e x am in a tio n s  in  th e  a r e a .

e )  I n d ic a t io n  o f s u i t a b l e  t h e s i s  to p ic s  and 
p ro m isin g  d i r e c t i o n s  f o r  r e s e a rc h  i n  th e  a r e a .

f )  The e x te n t  t o  w hich th e  s u b je c t  a r e a  o u g h t 
to  be re q u ire d  o f  a l l  d o c to r a l  s tu d e n ts  in  com puter 
s c ie n c e .

These a r t i c l e s  a r e  sch ed u led  f o r  p u b l ic a t io n  i n  Communica­
t i o n s  o f  th e  ACM and i t  i s  hoped t h a t  th e y  w i l l  s t im u la te  
f u r t h e r  a r t i c l e s  on d o c to r a l  p ro g ram s.2

Four a r t i c l e s  ap p eared  in  th e  s e r i e s :  ’’A utom ata, Form al

L anguages, A b s t r a c t  S w itc h in g , and C o m p u ta b ility  in  a Ph. D.

Computer S c ien ce  Program ” , R o b ert McNaughton [1 3 6 ] , "C o m p u ta tio n a l

L i n g u is t ic s  in  a Ph. D. Computer S c ien ce  Program ” , Susumu

Kuno and Anthony G. O e tt in g e r  [1 2 0 ] , "The Role o f  Program m ing

in  a  Ph. D. Computer S c ien ce  Program ” , B ruce W. A rden [ 7 ] ,

and " In fo rm a tio n  S c ien ce  in  a Ph. D. Computer S c ien ce  Program ” ,

G. S a lto n  [1 5 9 ] .

McNaughton b r i e f l y  d is c u s s e s  th e  n a tu re  and d e f i n i t i o n s

o f au to m a ta , fo rm a l la n g u a g e s , a b s t r a c t  s w itc h in g  and

2 . C u rricu lu m  Committee on Com puter S c ie n c e , "C u rricu lu m  ’68, 
Recommendations f o r  Academic Program s in  Computer S c ie n c e " , 
Com m unications o f  th e  ACM 11, 3 (March 1 9 6 8 ), 165.
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c o m p u ta b i l i ty .  Seven c o u rs e s  a r e  su g g es te d  w hich a r e  la b e le d  

l e v e l  1 ( j u n i o r - s e n io r ,  f i r s t  y e a r  g ra d u a te )  and l e v e l  2 

( s e n io r s  and a l l  g ra d u a te  s tu d e n t s ) :

1 ) I n t r o d u c t io n  to  Logic D esign  and S w itch in g  Theory
( l e v e l  1)

2 ) In t r o d u c t io n  to  C o m p u ta b ility , Form al Languages
and Autom ata ( l e v e l  1)

3) Theory o f  C o m p u ta b ility  ( l e v e l  2)
4 )  Theory o f  F in i t e  Autom ata ( l e v e l  2)
5) A utom ata a s  C o m p u ta tio n a l Models ( l e v e l  2 )
6) C o m p u ta tio n a l Theory o f  Form al Languages ( l e v e l  2)
7) A b s t r a c t  S w itch in g  Theory ( l e v e l  2 )

The c o u rs e s  a r e  re fe re n c e d  w ith  a b ib l io g ra p h y  o f  27 i te m s .

Kuno and O e t t in g e r  f i r s t  s p e c ify  th e  scope o f c o m p u ta tio n a l 

l i n g u i s t i c s :

C o m p u ta tio n a l l i n g u i s t i c s  co m p rises  (1 )  m a th em atica l 
c h a r a c t e r i z a t i o n s  o f  n a tu r a l  la n g u a g e s , (2 )  developm ents 
o f  com puter program s u s e f u l  f o r  l i n g u i s t i c  r e s e a r c h ,  
and (3 )  th e  a p p l i c a t io n  o f  l i n g u i s t i c  te c h n iq u e s  to  
com puter p ro b le m s .3

A te n  c o u rse  program  o f  s tu d y  accom panied by an  e x te n s iv e

b ib l io g r a p h y  i s  p re s e n te d  t o  c o v e r th e  m a te r ia l  i n  t h i s

f i e l d .  The c o u rs e s  a r e  l i s t e d  a s  b a s ic  (fresh m an  to  ju n io r

l e v e l ) ,  in te rm e d ia te  ( ju n io r  t o  g ra d u a te  l e v e l )  and advanced

(advanced g ra d u a te  l e v e l ) .  I t  i s  no ted  t h a t  s in c e  th e  f i e l d -

i t s e l f  i s  i n t e r d i s c i p l i n a r y ,  th e  c o u rse s  o v e r la p  o th e r  b ran ch es

o f com puter s c ie n c e :-

1 ) I n t r o d u c t io n  to  C o m p u ta tio n a l L in g u is t i c s  ( b a s ic )
2 ) Com puters in  H um anitic R esearch  (b a s ic )
3 )  Form al T h e o rie s  o f  Grammar ( in te r m e d ia te )
4 ) M ath em atica l Models o f  Grammar and S y n ta c t ic  A n a ly s is

( in te r m e d ia te )

3^ Susumu Knuo and A. G. O e t t in g e r ,  "C o m p u ta tio n al L i n g u is t i c s  
i n  a P h . D. Computer S c ien ce  Program ” Com m unications o f  th e  
ACM 11 , 12 (December 1 9 6 8 ), 831.
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5) In fo rm a tio n  O rg a n iz a tio n  and R e t r ie v a l  ( in te r m e d ia te )
6) I n t r o d u c t io n  to  T ra n s fo rm a tio n a l Grammar ( in te r m e d ia te )
7) T o p ics  in  T ra n s fo rm a tio n a l Grammar (advanced )
8) C o m p u ta tio n a l S em an tics  (advanced)
9) A p p lic a t io n  o f  L in g u is t ic  T echniques t o  Computer

Problem s (ad v an ced )
10) Advanced C ourse i n  C o m p u ta tio n a l P h ilo g y  (advanced )

A rden d e s c r ib e s  th r e e  c o u rs e s :

1) A p p lic a t io n s  Programming
2 ) Language P ro c e s s in g
3) System  D esign

These c o u rs e s  a r e  t o  in c lu d e  th e  programming m a te r ia l  in v o lv ed

i n  an  advanced  d e g re e  program . An e x te n s iv e  b ib l io g ra p h y

on programming i s  in c lu d e d , a s  i s  a t a b l e  o f  some one hundred

s i x t y  f i v e  te rm s  o f  w hich " s u b je c t  m a tte r  su g g es ted  by th e s e

words shou ld  be f a m i l i a r  t o  an  e x p e r t  in  programming and

programming la n g u a g e s" .4

S a l to n  a b s t r a c t s  h is  work a s  fo llo w s :

The r e p o r t  c o n ta in s  recom m endations on a sam ple 
c o u rse  c u rr ic u lu m  in  th e  g e n e r a l  a re a  o f  in fo rm a tio n  
o r g a n iz a t io n  and in fo rm a tio n  system s d e s ig n e d  in  a 
Ph. D. Com puter S c ien ce  Program . The s u b je c t  a re a  i s  
f i r s t  b r i e f l y  d e s c r ib e d ,  fo llo w ed  by a  l i s t i n g  o f  some 
d e s i r a b l e  g r a d u a te - le v e l  c o u r s e s .  S u i ta b le  b ib l io g r a p h ie s  
a r e  a p p e n d e d .5

The c o u rs e s  s p e c i f ie d  a r e :

1 ) D ata S t r u c tu r e s  and In fo rm a tio n  O rg a n iz a tio n
2 ) T im e-S haring  Computer O rg a n iz a tio n
3 ) Language S t r u c tu r e  and S y n ta c t ic  A n a ly s is
4 ) T ex t A n a ly s is  and A utom atic  C l a s s i f i c a t i o n
5) In fo rm a tio n  R e t r i e v a l  System  D esign
6) A utom atic  T ex t P ro c e s s in g  System s

4 . B ruce W. A rden, "The R ole o f  Programming in  a Ph. D. Computer
S c ien ce  Program ", Com m unications o f  th e  ACM 12, 1 (Ja n u a ry  19 6 9 ),
33.

5. G. S a l to n ,  " In fo rm a tio n  S c ien ce  in  a Ph. D. Computer
S c ien ce  P rogram ", Com m unications o f  th e  ACM 12, 2 (F eb ru a ry
1 9 6 9 ), 111 .
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I t  sho u ld  be n o ted  t h a t  in c lu d e d  w ith  each  o f th e s e

fo u r  r e p o r t s  was th e  fo llo w in g  s ta te m e n t by P. C a l in g a e r t ,

th e n  e d u c a tio n  e d i t o r  f o r  th e  Com m unications o f  th e  ACM:

. . .The purpose  o f th e  s e r i e s  i s  to  p ro v id e  some g u id e l in e s  
f o r  w hat c o n s t i t u t e s  a "good" d o c to r a l  program . These 
a r t i c l e s  c o n ta in  th e  o p in io n s  and recom m endations o f 
e x p e r ts  in  th e  s u b je c t  a r e a s .  However, u n l ik e  "C urricu lum  
'6 8 " ,  th e y  r e f l e c t  n e i th e r  th e  view s o f o f f i c i a l  ACM 
n o r th e  d e l ib e r a t i o n s  o f  a co m m ittee . . . . 6

C^S, o r  in d iv id u a ls  s e rv in g  on th e  com m ittee , have

been  in v o lv e d  in  program s f o r  s m a lle r  c o l le g e s  and u n i v e r s i t i e s ,

c o n s u l t in g  a c t i v i t i e s  on c u rr ic u lu m  and r e l a t e d  m a t te r s ,

and f u r t h e r  work on th e  m a s te r ’s program . Much o f  th e  work

o f  d is c u s s in g  program s and c o u rse  c o n te n t  p ro b lem s, have

p ro p e r ly  f a l l e n  on SIGCSE.

In  1970-71 , a subcom m ittee o f  C^S c h a ire d  by 0 . W.

R echard C l54] a d d re sse d  problem s o f s m a lle r  c o l le g e s :

A sub -com m ittee  o f  th e  ACM C urricu lu m  Committee 
h as  been e s t a b l i s h e d  w ith  th e  g o a l  o f  s tu d y in g  th e  
problem  o f Computer S c ie n ce  i n s t r u c t i o n  in  th e  fo u r -  
y e a r  u n d e rg ra d u a te  c o l l e g e s ,  and recommending a co u rse  
o f  a c t i o n  d e s ig n e d  to  a l l e v i a t e  th e  m a t r ic u la t io n  
problem  d e sc r ib e d  ab o v e . T h is  p ro p o sa l seek s  funds f o r  
th e  work o f th e  sub -com m ittee  and f o r  an  e x p e r im e n ta l 
summer program  d e s ig n e d  to  in tro d u c e  f a c u l ty  members 
from  sm a ll c o l le g e s  t o  th e  s t r u c tu r e  and c o n te n t  o f 
a g ro u p  o f s e le c te d  u n d e rg ra d u a te  c o u rse s  from  sch o o ls  
w ith  s t ro n g  d e g re e  p ro g ram s.7

In  i t s  i n i t i a l  a c t i v i t i e s  in fo rm a tio n  was g a th e re d  on th e

n a tu re  o f  program s in  com puter s c ie n c e  in  sm a ll c o l le g e s  [7 0 ] :

6 . P e te r  C a l in g a e r t ,  " E d i to r ’s N o te" , Com m unications o f 
th e  ACM 12 , 2 (F eb ru a ry  196 9 ), 111.

7 . O t t i s  R echard , "ACM C u rricu lu m  Committee P ro p o sa l" , 
SIGCSE B u l l e t in  2 , 2 ( J u n e -J u ly  197 0 ), 2 8 .
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The sm a ll c o l le g e  w ith  an  i n t e r e s t  in  com puting 
o f f e r s  two o r th r e e  c o u rse s  in  com puter s c ie n c e .
P ro b ab ly  a FORTRAN c o u rs e , th e n  c o u rse s  l i k e  B1 and 
B2 o f  ’’C urricu lu m  ’68” , and p o s s ib ly  a s p e c ia l  to p ic s  
c o u rs e .  The c o u rse s  a re  b e in g  ta u g h t  by one man, 
h o ld in g  a m a ste rs  d eg ree  in  m athem atics and p ro b ab ly  
te a c h in g  a m athem atics co u rse  a l s o .  He h a s ,  a t  b e s t ,  
one c o u rse  in  com puter s c ie n c e  in  h i s  background , and 
s e rv e s  a s  a c o n s u l ta n t  to  th o s e  on campus in t e r e s t e d  
in  u s in g  th e  com puter. He may a l s o  be a s s o c ia te d  w ith  
th e  o p e ra t io n  o f  th e  com puter c e n te r  o f  h i s  c o l l e g e .

W ith in  th e  n e x t two y e a rs  a d d i t io n a l  com puter 
s c ie n c e  c o u rse s  w i l l  be added to  th e  c u rr ic u lu m , 
b r in g in g  th e  t o t a l  o f f e r in g  to  c lo s e  to  18 sem es te r 
h o u r s .

There i s  a  d e f i n i t e  f e e l i n g  t h a t  c u r r e n t  g ra d u a te  
program s a re  in a d eq u a te  f o r  th e  p re p a ra t io n  o f  t h i s  
s ta n d -a lo n e  com puter s p e c i a l i s t ,  and t h a t  a D octo r 
o f  A r ts  program , o r  a s p e c ia l  m a ste rs  program  w ith  
a good d e a l  o f  em phasis on a p p l i c a t io n  a r e a s  i s  n e e d e d .8

To a d d re s s  th e  problem  o f in c r e a s in g  th e  q u a l i ty  o f

o f f e r in g  in  com puter s c ie n c e ,  th e  subcom m ittee, w ith  su p p o rt

from  th e  N a tio n a l  S c ien ce  F oundation  sponso red  an  i n s t i t u t e

a t  Purdue U n iv e r s i ty  in  th e  summer o f  1971. In  t h i s  program

fo u r  fu n d am en ta l c o u rs e s ,  d i s c r e t e  s t r u c t u r e s ,  programming

la n g u a g e s , o p e ra t in g  sy s tem s , and d a ta  s t r u c tu r e s  were

p re se n te d  to  f i f t y - t h r e e  in d iv id u a ls  from  sm a ll c o l le g e s .

The c o u rse s  were ta u g h t  a s  n o rm a lly  done, e x c e p t t h a t  th e y

w ere com pressed in to  a fo u r  week p e r c o u rse  tim e fram e .

I t  was a n t i c ip a te d  t h a t  th e  a t te n d e e s  would ta k e  th e  m a te r ia l

p re s e n te d  to  them  and o f f e r  i t  a t  t h e i r  home i n s t i t u t i o n s

th u s  fo rm ing  a  s t ro n g  c o re  f o r  a com puter s c ie n c e  program .

FT G erald  L. H ngel, "Computer S c ien ce  I n s t r u c t io n  in  Sm all 
C o lle g e s  -  An I n i t i a l  R e p o r t” , SIGCSE  B u l le t in  3 , 2 (June  
197 1 ), 8 .
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E v a lu a tio n s  o f  th e  program  in d ic a te d  t h a t  in d eed  th e  m a te r ia l  

was u sed  a s  a n t i c ip a t e d ,  and t h a t  th e  program  was most 

s u c c e s s f u l .

D i f f i c u l t i e s  in  f in d in g  fu n d in g  f o r  f u r t h e r  i n s t i t u t e  

p rogram s, and th e  problem s o f  re a c h in g  enough peop le  w ith  

such  program s led  t o  a s tu d y  by A u s tin g  and E ngel [2 2 ] 

to  recommend a p p ro p r ia te  program s in  com puter s c ie n c e  f o r  

sm a ll s c h o o ls :

T h is  r e p o r t  g iv e s  recom m endations f o r  th e  c o n te n t  
im p lem en ta tio n  and o p e ra t io n  o f  a program  o f  com puter 
s c ie n c e  c o u rse s  s p e c i f i c a l l y  d i r e c te d  to  sm a ll c o l l e g e s .
In  no way d oes t h i s  m a te r ia l  r e p r e s e n t  a m ajor program  
in  com puter s c ie n c e . I t  does d e s c r ib e  a program  f o r  
th o se  sc h o o ls  w ith  l im i te d  r e s o u r c e s ,  b u t  w ith  an  i n t e r e s t ,  
en th u s ia sm  and d e s i r e  f o r  some c o u rse  o f f e r in g s  in  
com puter s c ie n c e .  Those i n s t i t u t i o n s  i n t e r e s t e d  in  
com puter s c ie n c e  and w ith  r e s o u rc e s  n e c e s s a ry  f o r  a 
m ajor program  in  t h i s  f i e l d  shou ld  r e f e r  to  th e  e x i s t i n g  
r e p o r t s  o f  ACM’s Committee on C u rricu lu m  in  Computer 
S c ien ce  (C 3S), and o th e r  c u rr ic u lu m  s t u d i e s .  I n s t i t u t i o n s  
w hich d e s i r e  to  complement com puter s c ie n c e  o f f e r in g s  
w ith  a s e t  o f  c o u rse s  in  c o m p u ta tio n a l m athem atics 
shou ld  c o n s id e r  th e  r e p o r t  o f  th e  Committee on th e  
U n d erg rad u a te  Program  in  M a th e m a tic s .9

The r e p o r t  em phasizes a program  t h a t  would be w i th in

th e  re a c h  o f  i n s t i t u t i o n s  w ith  l im i te d  r e s o u r c e s ,  in c lu d e s

an  e x te n s iv e  l i b r a r y  l i s t ,  comments on s t a f f  and equipm ent

re q u ire m e n ts ,  and c o n s id e r s  how th e  c o u rs e s  can  be d e s ig n e d

to  meet a v a r i e ty  o f o b je c t iv e s  f o r  an  i n s t i t u t i o n  w hich

can n o t a f fo rd  b o th  a s e r i e s  f o r  com puter s c ie n c e  s tu d e n t s ,

and a s e r i e s  f o r  d ep a rtm en ts  u s in g  com puter s c ie n c e :

in  R ichard  H. A u s tin g  and G erald  L. E n g e l, "A Computer 
S c ien ce  C ourse Program  f o r  S n a i l  C o lle g e s ” , Com m unications 
o f  th e  ACM 16, 3 (March 1 9 7 3 ), 139.
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Four c o u rse s  a re  d e sc r ib e d  and s u g g e s tio n s  a r e  
made f o r  a d d i t i o n a l  s tu d y  and c o u rs e s  f o r  s tu d e n ts  
i n t e r e s t e d  in  f u r t h e r  w ork. No names have been g iv en  
to  th e  fo u r  c o u rs e s , b u t th e y  co rre sp o n d  ro u g h ly  to  
th e  a r e a s  o f  a lg o r ith m s  and programming (C ourse 1 ) ,  
a p p l i c a t io n  o f com puters and t h e i r  im pact on s o c ie ty  
(C ourse 2 ) ,  m achine and system s o r g a n iz a t io n  (C ourse 3 ) ,  
and f i l e  and d a ta  o rg a n iz a t io n  (C ourse 4 ) .  Though th e se  
c o u rse s  i n  a  r e a l  sen se  r e p r e s e n t  a  c o h e re n t  program , 
th e y  a r e  s t r u c tu r e d  so a s  to  a llo w  a s tu d e n t  w ith  l im i te d  
o b je c t iv e s  and l im ite d  tim e  to  p ic k  and choose th o se  
p a r t s  m ost r e le v a n t  t o  h i s  n e e d s .10

C3S h as  a l s o  c o n tin u e d  t o  be co ncerned  w ith  g ra d u a te

program s in  Computer S c ie n c e , and a  program  o f  s tu d y  le a d in g

. to  a  m a s te r 's  d eg ree  in  com puter s c ie n c e  was re p o r te d  by

M elkanoff C l37] a t  th e  T hird  SIGCSE Symposium in  1973, and

a g a in  by M elkanoff, B arnes and E ngel C l38] a t  th e  1973

N a tio n a l  Computer C o n fe ren ce . T h is  program  m o d if ie s  th e

m a s te r 's  recom m endations o f  "C urricu lum  '6 8 " ,  based  on e x p e r ie n c e

The proposed M. S . program  i s  based  on th e  fo llo w in g  
a ssu m p tio n s  re g a rd in g  th e  d e s t i n a t io n  o f  i t s  g ra d u a te s :

Some 10 to  15% o f th e  g ra d u a te s  w i l l  work in  
a r e a s  r e l a t e d  to  th e  s c i e n t i f i c  a s p e c ts  o f  Computer 
S c ie n c e .

Some 35 to  40% o f  th e  g ra d u a te s  w i l l  work 
in  th e  a re a  o f  com puter system  d e s ig n  (hardw are 
and s o f tw a re ) .

Some 35 to  40% o f  th e  g ra d u a te s  w i l l  work 
in  th o s e  a r e a s  o f system s d e s ig n  w here th e  co m pu ter’ 
p la y s  a  key p a r t .

Some 10 to  15% o f  th e  g ra d u a te s  w i l l  work in  
a r e a s  u n r e la te d  to  Computer S c ie n ce  o r  c o m p u te rs .11

The program  su g g ested  r e q u i r e s  n in e  th r e e  sem e s te r  ho u r

c o u r s e s ,  a t  l e a s t  f i v e  o f  w hich a r e  g ra d u a te .  A t h e s i s  i s

o p t io n a l .  A h ig h  l e v e l  o f  com petence in  a t  l e a s t  one

10. I b i d . ,  139-140.

11 . M. A. M elkanoff, ’’An M. S . Program  in  Computer S c ie n c e " , 
SIGCSE B u l le t in  5, 1 (F eb ru a ry  1 9 7 3 ), 77 .
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programming language i s  r e q u i r e d ,  a s  w e ll  a s  " P ro f ic ie n c y  

in  a fu n d am en ta l c o re  o f  knowledge common to  a l l  s u b f ie ld s  

o f  Computer S c ie n c e . T h is shou ld  c o v e r th e  m a te r ia l  ta u g h t 

in  4 t o  6 c o u rse s  (u p p er d iv i s io n  o r  g ra d u a te )  and in c lu d e  

fo rm a l l i n g u i s t i c s ,  programming la n g u a g e s , com puter a r c h i t e c t u r e ,  

and system s program m ing."12 A m ajor shou ld  be com pleted  in  

one o f th e  e s ta b l i s h e d  f i e l d  o f com puter s c ie n c e  w hich in c lu d e  

th e o ry ,  programming la n g u a g e s , sy s te m s , a r c h i t e c tu r e  and 

d e s ig n ,  and a r t i f i c i a l  i n t e l l i g e n c e ,  th e  m ajor s e le c te d  in  

some sen se  d esig n ed  to  meet th e  s tu d e n ts  u l t im a te  o b je c t iv e s .

In  a d d i t io n  i t  was s t r o n g ly  recommended t h a t  a m inor be

ta k e n  th ro u g h  a c o h e re n t sequence o f c o u rse s  in  some a p p l ic a t io n

a r e a .

I t  was a ls o  observed  t h a t  C3S, upon co m p le tio n  o f work 

w ith  "C urricu lum  r6 8 " , p lanned to  d e v e lo p  a program  o f 

v i s i t a t i o n  and c o n s u l t a t io n .  In  1968-69 t h i s  was handled  

th ro u g h  th e  ACM V is i t in g  S c i e n t i s t  Program  w hich gave way 

in  th e  l a t t e r  p a r t  o f 1969 to  th e  ACM C o lle g e  C o n su lt in g  

S e rv ic e ,  funded by th e  N a tio n a l S c ie n ce  F oundation  and u n d er 

th e  d i r e c t i o n  o f W. V ia v a n t. In  th e  p e rio d  1969-1973 n e a r ly  

one hundred i n s t i t u t i o n s  w ere v i s i t e d  by com puter p r o f e s s io n a ls  

t o  o f f e r  v a r io u s  comments and s u g g e s tio n s  on com puter s c ie n c e  

c u rr ic u lu m , com puter u se s  in  e d u c a tio n  and f a c i l i t i e s .  The 

m a te r ia ls  t h a t  encom passed th e  r e p o r t s  on th e s e  v i s i t s  has

TT. I b id . ,  781
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been c o l l e c te d  and a f i n a l  r e p o r t  on t h i s  program  w i l l  be 

p u b lish e d  soon .

The a c t i v i t i e s  d e s c r ib e d  above in d ic a te  th e  fo rm a l and 

p u b lish e d  m a te r ia l  o f  th e  C3s su b seq u en t to  th e  p u b l ic a t io n  

o f  "C u rricu lu m  ’ 6 8". In  a d d i t io n  to  t h i s  w ork, th e  com m ittee 

h as  met r e g u la r ly  to  d is c u s s  c u r r e n t  i s s u e s  in  com puter 

s c ie n c e  e d u c a tio n , and to  su p p ly  in p u t  f o r  a d d i t i o n a l  work 

th ro u g h  th e  ACM E d u ca tio n  B oard . In c lu d e d  in  th e s e  a c t i v i t i e s  

i s  a s tu d y  le a d in g  to  recom m endations f o r  c e r t i f i c a t i o n  o f 

com puter s c ie n c e  te a c h e r s  f o r  seco n d ary  s c h o o ls  w hich w i l l  

be c a r r i e d  o u t  by members o f  C3S and th e  ACM Secondary  S choo l 

C om m ittee, u n d e r th e  d i r e c t i o n  o f  th e  ACM E d u c a tio n  B oard .

C3s h a s  m a in ta in ed  an  i n t e r e s t  in  th e  a r e a s  o f  s e r v ic e  

c o u rs e s  w ith  G. S to k es  c h a i r in g  a  subcom m ittee s tu d y in g  th e  

needs i n  t h i s  a r e a .  I t  i s  a n t i c ip a t e d  t h a t  once th e s e  a re  

c o l l e c t e d ,  f u r t h e r  c o u rse  d e s c r ip t i o n s  t o  m eet th e  s e r v ic e  

c o u rse  n eed , based  on e x p e r ie n c e , can  be p re p a re d .

The a r e a  o f  Computer A p p re c ia t io n  c o u r s e s ,  o r  Com puters 

and S o c ie ty  c o u rs e s  h a s  become q u i t e  a c t i v e  i n  th e  p a s t  few 

y e a r s . R. A u s tin g  i s  ch airm an  o f  a subcom m ittee to  rev iew  

t h i s  a re a  and p re p a re  n e c e s sa ry  recom m endations.

C o n tin u in g  d is c u s s io n s  have gone on re g a rd in g  th e  n a tu re  

o f  work needed on "C u rricu lu m  ’6 8 " . The fo llo w in g  comments 

r e p r e s e n t  a c ro s s  s e c t io n  o f  comments made a t  th e  v a r io u s  

s e s s io n s :
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"Computer and s o c ie ty  c o u rs e s  a r e  a p p e a r in g  w ith  
g r e a t  f r e q u e n c y . Som ething i s  needed i n  th e  way o f  
a g e n e r a l  i n t e r e s t  ty p e  c o u r s e ."

"C u rricu lum  *68" i s  c lo s e ly  t i e d  t o  m a th em atics .
I s  t h i s  n e c e s sa ry ? "

"T opics l i k e  te leco m m u n ica tio n s  and system s a n a ly s is  
a r e  n o t m en tio n ed ."

"What e f f e c t  does h ig h  sc h o o l background in  
com puting have on th e  f i r s t  c o u rse ? "

"At th e  ju n io r - s e n io r  l e v e l ,  b u s in e s s - o r ie n te d  
c o u rs e s  a r e  m iss in g  th e s e  shou ld  c o v e r  in fo rm a tio n  
s t r u c t u r e s ,  f i l e  and com m unication sy s te m s , system s 
a n a ly s i s ,  and system s s im u la t io n ."

" L i t t l e  th o u g h t i s  g iv e n  t o  o p e r a t io n a l  a s p e c ts  
o f  co m p u tin g ."

"More i s  needed o f  th e  r e l a t i o n s h i p  o f  e l e c t r i c a l  
e n g in e e r in g  c o u rse s  to  com puter s c ie n c e ."

"C ourse b ib l io g r a p h ie s  a r e  much in  need o f  u p d a t in g ."

" S e v e ra l  c o u rse s  need r e o r g a n iz a t io n  and s e v e r a l  
c o u rs e s  co u ld  be expanded a n d /o r  s p l i t  in to  two c o u r s e s ."

"S e rv ic e  c o u rse s  need to  be recommended."

" 'C u rr ic u lu m  '6 8 ' came u n d e r e a r ly  and c o n tin u in g  
heavy c r i t i c i s m  from  w ith in  and w ith o u t academ ia f o r  
i t s  a lm o s t t o t a l  n e g le c t  o f  th e  p ra g m a tic s  o f  th e  jo b  
m a r k e t .”

"New c u rr ic u lu m  sho u ld  r e f l e c t  th e  advances in  
Computer S c ien ce  and in c lu d e  m a te r ia ls  on to p ic s  t h a t  
have come o f age s in c e  "C u rricu lu m  '6 8 "  such a s  s e m a n tic s , 
s t r u c tu r e d  program m ing, th e o ry  o f  program m ing lan g u ag es  
a nd m in i- c o m p u te rs ."

"A c u r r i c u la  r e p o r t  docum enting  u n d e rg ra d u a te  c o u rse s  
and u n d e rg ra d u a te  d eg ree  program s in  Computer S c ien ce  
i s  n e ed e d ."

"Any new v e rs io n  o f  "C u rricu lu m  '6 8 "  shou ld  s t r e s s  
more th a n  b e fo re ,  a p p l ic a t io n s  o f  Computer S c i e n c e . "13

U T From th e  m in u tes  o f  C3S m e e tin g s .
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Though n o t th em se lv es  b e in g  d i r e c t  C3S a c t i v i t i e s ,  two 

a d d i t i o n a l  m eetin g s  d e se rv e  m en tio n . The 1970 ACM N a tio n a l 

M eeting  fe a tu re d  some t e n  s e s s io n s  on e d u c a tio n  in c lu d in g  

v a r io u s  a s p e c ts  o f  com puter u se s  in  e d u c a tio n  and th e  a p p l i c a ­

t i o n  o f  com puters to  t r a i n i n g .  A lso  in c lu d e d  w ere fo u r  

s e s s io n s  on Computer S c ien ce  E d u c a tio n :

G en era l Computer E d u ca tio n
M oderato r - W illiam  F. A tc h iso n , U n iv e r s i ty  o f  

M aryland 
P a r t i c ip a n t s

Glen Bonham, O n ta rio  D epartm en t o f  E d u ca tio n  
R o b ert K orfhage, S o u th e rn  M eth o d is t U n iv e r s i ty  
W erner R h e in b o ld t, U n iv e r s i ty  o f M aryland 
W illiam  V ia v a n t, U n iv e r s i ty  o f  U tah

U n d erg rad u ate  E d u ca tio n
M oderator -  P re s to n  C. Hammer, P en n sy lv an ia  S ta te  

U n iv e r s i ty  
P a r t i c ip a n t s

Samuel D. C on te , Purdue U n iv e r s i ty
D. D. Cowan, U n iv e r s i ty  o f  W aterloo  
G erald  E n g e l, Hampden-Sydney C o lle g e  
Thomas Schoen, U n iv e r s i ty  o f  Dayton

G raduate  E d u ca tio n
M oderator - George E . F o rsy th e , S ta n fo rd  U n iv e r s i ty  
P a r t i c ip a n t s

Thomas B re d t, S ta n fo rd  U n iv e r s i ty  
S a u l Gorn, U n iv e r s i ty  o f  P en n sy lv an ia  
R o b ert S p in ra d , Xerox D ata  System s 
P e te r  W egner, Brown U n iv e r s i ty

O rg an iz in g  f o r  Computer S c ien ce  E d u c a tio n
M oderato r -  E a r l  J .  Schweppe, U n iv e r s i ty  o f  Kansas 
P a r t i c ip a n t s

W illiam  F. A tc h iso n , U n iv e r s i ty  o f  M aryland 
Aaron F inerm an, SUNY, S tonybrook  
George E. F o rsy th e , S ta n fo rd  U n iv e r s i ty  
P re s to n  C. Hammer, P en n sy lv an ia  S ta te  U n iv e r s i ty

W hile n o t p r e s e n t in g  much new, th e s e  p a n e ls  d id  n ic e ly  summarize

th e  problem s fa c in g  v a r io u s  a s p e c ts  o f  com puter s c ie n c e

e d u c a tio n . What i s  s i g n i f i c a n t  i s  t h a t ,  u n l ik e  m ost p a n e l
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s e s s io n s ,  e d i te d  t r a n s c r i p t s  o f  th e  s e s s io n s  ap p ea r in  th e  

P ro ceed in g s  o f  th e  C onference  C l9, 101, 81 , 1 6 4 ].

The o th e r  a c t i v i t y  was a  m eeting  o f sm a ll c o l le g e  e d u c a to rs  

a t  Wheaton C o lleg e  i n  1972 t o  d is c u s s  problem s o f  com puter 

s c ie n c e  e d u c a tio n  i n  sm a ll s c h o o ls .  T h is  work i s  r e p o r te d  

by La F rance and Roth C l2 l ] .  A t t h i s  s e s s io n  th e  e x i s t i n g  

s tu d ie s  on c u rr ic u lu m  w ere ta k e n , a n d , based  on them , 

recom m endations w ere made re g a rd in g  a p p ro p r ia te  m a te r ia l  

f o r  c o l le g e s  o f  th e  ty p e  re p re s e n te d  (ch u rch  r e l a t e d  l i b e r a l  

a r t s  c o l le g e s  w ith  e n ro llm e n ts  o f  up to  1500 s tu d e n t s ) .  

E f f e c t iv e ly  th e  Workshop recommended t h a t  a sm a ll sch o o l 

shou ld  s e r io u s ly  c o n s id e r  o f f e r in g  th e  e q u iv a le n t  o f  th e  

c o u rs e s  o u t l in e d  in  th e  A u s tin g  and E ngel r e p o r t ,  and in  

a d d i t io n  a c o u rse  i n  system s a n a l y s i s .  As demand w a rre n ts  

c o u rse s  in  th e  a r e a s  o f  lan g u ag e  th e o ry ,  th e o ry  o f com puting 

and s im u la t io n  co u ld  be ad d ed , and a p p r o p r ia te  c o u rse  o u t l in e s  

a r e  in c lu d e d . I t  was recommended t h a t  th e  m athem atics 

d e p a rtm en ts  o f  th e  c o l le g e s  shou ld  a l s o  be s t r o n g ly  encouraged 

t o  o f f e r  c o u rs e s  i n  d i s c r e t e  s t r u c t u r e s ,  n u m e ric a l m ath em atics , 

and c o m b in a to r ic s .

C u rricu lu m  developm ent in  a r e a s  r e l a t e d  to  com puter 

s c ie n c e  a l s o  co n tin u e d  in  th e  p e rio d  su b seq u en t to  th e  

p u b l ic a t io n  o f  "C urricu lum  ’SB". ACM was in v o lv ed  n o t o n ly  

i n  th e  a c t i v i t i e s  o f  C3S , b u t a l s o  in  th e  C urricu lu m  Committee 

on Computer E d u ca tio n  f o r  Management (C^EM) c h a ire d  by 

D a n ie l  T eich roew . C3EM has p re p a red  and p u b lish e d  c u rr ic u lu m
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recom m endations f o r  b o th  u n d e rg ra d u a te  and g ra d u a te  program s 

in  in fo rm a tio n  sy stem s, th e s e  program s a re  d e sc r ib e d  in  

Septem ber 1971 C l73 ], May 1972 [1 5 ] ,  and December 1973 [5 5 ]  

Comm unications o f  th e  ACM, th e  P ro ceed in g s  o f  th e  1972 ACM 

N a tio n a l C onference  [1 6 , 5 4 ], and th e  T h ird  SIGCSE T e c h n ic a l 

Symposium [1 7 ] .

The g ra d u a te  l e v e l  recom m endations w ere p rep a red  by 

a subcom m ittee c h a ire d  by R. L. A sh e n h u rs t:

T h is  r e p o r t  p re s e n ts  recom m endations f o r  a g ra d u a te  
p r o f e s s io n a l  program  in  in fo rm a tio n  system s developm ent 
a t  th e  M a s te r 's  l e v e l .  The program  i s  in te n d e d  f o r  
th e  e d u c a tio n  o f  in d iv id u a ls  who w i l l  d ev e lo p  complex 
in fo rm a tio n  sy stem s. C o n co m itan tly , recom m endations 
a r e  g iv en  f o r  in fo rm a tio n  system  s p e c i a l i z a t i o n  w ith in  
e x i s t i n g  M a s te r’s d eg ree  program s.

As docum ented in  th e  p o s i t io n  p aper th e r e  i s  a 
w id e ly  f e l t  need f o r  in d iv id u a ls  who can  b r in g  to  b e a r  
th e  r e le v a n t  com puter te ch n o lo g y  on th e  in fo rm a tio n  
re q u ire m e n ts  o f  p a r t i c u l a r  o r g a n iz a t io n s .  To meet 
t h i s  need r e q u i r e s  th e  in t r o d u c t io n  o f  new p ro f e s s io n a l  
program s and th e  m o d if ic a t io n  o f  e x i s t in g  ones in  
i n s t i t u t i o n s  o f  h ig h e r  le a r n in g .

A body o f know ledge e x i s t s  f o r  b o th  o rg a n iz a t io n a l  
fu n c t io n s  and in fo rm a tio n  te c h n o lo g y , b u t t h i s  knowledge 
i s  c u r r e n t ly  o f f e re d  in  d iv e r s e  a re a s  o f g ra d u a te  
e d u c a tio n . The c u rr ic u lu m  in  in fo rm a tio n  system  d e v e lo p ­
ment p re se n te d  h e re  r e p r e s e n ts  an  a t te m p t to  i n t e g r a t e  • 
t h i s  knowledge and add new d e f i n i t i o n  and p e r s p e c tiv e  
to  th e  f i e l d . 14

Accompanied by d e ta i l e d  c o u rse  d e s c r ip t io n s  and e x te n s iv e  

b ib l io g r a p h ie s ,  t h i r t e e n  c o u rse s  a r e  p re s e n te d , d iv id e d  in to  

fo u r  b a s ic  g ro u p s:

1$~. R. A sh en h u rs t ( e d . ) ,  " C u rr ic u la  Recommendations f o r  
G raduate  P r o fe s s io n a l  Programs in  In fo rm a tio n  S ystem s", 
Com m unications o f  th e  ACM 15, 5 (May 1972), 365.
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C ourse Group A: A n a ly s is  o f O rg a n iz a t io n a l  System s
A l. In t r o d u c t io n  to  System s C oncepts 
A2. O rg a n iz a t io n a l  F u n c tio n s
A3. In fo rm a tio n  System s f o r  O p e ra tio n s  and Management 
A4. S o c ia l  Im p l ic a t io n s  o f  In fo rm a tio n  System s

C ourse Group B: Background f o r  System s Developm ent
B l. O p e ra tio n s  A n a ly s is  and M odeling 
B2. Human and O rg a n iz a t io n a l  B ehavior

C ourse Group C: Computer and In fo rm a tio n  Technology
C l. In fo rm a tio n  S t r u c tu r e s  
C2. Computer System s 
C3. F i l e  and Communication System s 
C4. S o ftw are  D esign

C ourse Group D: Developm ent o f  In fo rm a tio n  System s
D l. In fo rm a tio n  A n a ly s is  
D2. System  D esign  
D3. System  D evelopm ent P r o j e c t s 1 ^

In  many ways th e  program  d e s c r ib e d  was in te n d e d  to

m eet o b je c t io n s  r a i s e d  to  "C u rricu lum  ’68" re g a rd in g  th e

re le v a n c e  o f th e  m a te r ia l  to  th e  r e a l  a p p l ic a t io n s  o f co m p u te rs .

The p rim ary  i n t e r a c t i o n  o f t h i s  program  and t h a t  o f  a com puter

s c ie n c e  d ep a rtm en t i s  w i th in  th e  Group C c o u r s e s .  A sh en h u rs t

d e s c r ib e d  some o f th e  problem s in v o lv e d  in  i n t e r a c t i o n  and

d i f f e r e n c e s  betw een program s in  com puter s c ie n c e  and in fo rm a tio n

sy s te m s :

Computer s c ie n c e  e d u c a tio n  to d a y  i s  a  m ix tu re  o f 
th e  " t h e o r e t i c a l "  and " a p p l ie d " .  The t h e o r e t i c a l ,  
o r  b a s ic ,  a s p e c ts  a re  n o t d i r e c t l y  r e le v a n t  to  e d u c a tio n  
f o r  work in  in fo rm a tio n  sy s te m s , a l th o u g h , c o n tr a ry  
t o  some b e l i e f ,  th e  k in d  o f  p re c is e  th in k in g  engendered  
i s  by no means an  unwelcome a t t r i b u t e  in  an  in fo rm a tio n  
system s d e v e lo p e r .  In  f a c t ,  i t  i s  in  th e  a p p l ie d ,  
o r  p rag m a tic  a s p e c ts  o f com puter s c ie n c e  t h a t  th e  h a b i t s  
o f  th o u g h t i n s t i l l e d  in  th e  s tu d e n t  may be m ost in c o n ­
s i s t e n t  w ith  th e  needs o f  in fo rm a tio n  system s d ev elopm en t.

I 5 . I b i d . ,  373 .

!

. L
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T his paradox  i s  b ro u g h t a b o u t b ecau se  o f th e  T,do i t  
y o u r s e l f "  a t t i t u d e  tow ard  programming o f te n  in c u lc a te d  
by com puter s c ie n c e  p rogram s. The s tu d e n t  u s e s  th e  
com puter a s  a  " p e rso n a l problem  s o lv e r " ,  a s  a  t o o l  w hich 
he o r  she em ploys to  o b ta in  r e s u l t s  in  a g iv e n  a re a  
o f  i n t e r e s t .  The d i f f i c u l t i e s  w hich a re  g e n e r a l ly  
a s s o c ia te d  w ith  com m unicating th e s e  r e s u l t s  in  t h e i r  
e sse n ce  to  o th e r s ,  l e t  a lo n e  making i t  p o s s ib le  f o r  
o th e r s  to  u se  th e  program s to  o b ta in  s im i la r  o n e s , 
a r e  to o  common to  r e q u i r e  e la b o r a t io n  h e re .

The main a re a  in  w hich some o f  th e  in fo rm a tio n  
system s p h ilo so p h y  h as  p e n e tr a te d  com puter s c ie n c e  
i s  t h a t  o f  th e  developm ent o f  com puter sy s te m s , i n  
o p e ra t in g  system s c o u r s e s .  T h is i s  n o t s u r p r i s in g ,  
b ecause  a com puter system  i s  in  f a c t  a s p e c i a l  ty p e  
o f in fo rm a tio n  sy stem , one whose " s u b je c t  m a tte r "  
i s  th e  com puter hardw are system  and i t s  a s s o c ia te d  
p o o l o f  so f tw a re  r e s o u r c e s ,  program s and d a ta  s e t s .
Most o f  th e  com puter s c ie n c e  work on a p p l i c a t i o n a l  
te c h n iq u e s ,  how ever, ta k e s  l i t t l e  co g n izan ce  o f  th e  
in fo rm a tio n  system s p o in t  o f  v i e w . 1 ^

In  December 1973 recom m endations f o r  u n d e rg ra d u a te  

program s in  in fo rm a tio n  system s were p u b lish e d  [5 5 3 . T h is 

work was u n d e r th e  d i r e c t i o n  o f  J .  D a n ie l C ouger. The u n d e r­

g ra d u a te  program  i s  d e s c r ib e d  in  te rm s  o f  two o p t io n s ;  

an  o r g a n iz a t io n a l  o p tio n  s t r e s s i n g  th e  u se  o f co m p u te rs , 

and te c h n o lo g ic a l  o p tio n  f o r  p r e p a ra t io n  o f  an  in d iv id u a l  

f o r  employment in  in fo rm a tio n  p ro c e s s in g .

E leven  c o u rs e s  a r e  s p e c i f i e d ,  a g a in  w ith  d e t a i l e d  

c o u rse  d e s c r ip t i o n s  and b ib l io g r a p h ie s :

UB1 O p e ra tio n s  A n a ly s is  and M odeling
UB2 Human and O rg a n iz a t io n a l  B ehav io r
UC1 In fo rm a tio n  S t r u c tu r e s
UC2 Computer System s
UC3 F i le  and Communication System s
UC4 S o ftw are  D esign

16. R o b ert L. A sh e n h u rs t, " Im p lic a t io n s  f o r  Computer S c ien ce  
D epartm en ts o f th e  ACM In fo rm a tio n  System s C u rr ic lu m " , SIGCSE 
B u l le t in  5,- 1 (F eb ru a ry  1 9 7 3 ), 3 .



www.manaraa.com

144

UC8 Programming S t r u c tu r e s  and T echniques 
UC9 Computerware
UA8 System s C oncepts and Im p l ic a t io n s  
UD8 In fo rm a tio n  System s A n a ly s is  
UD9 System  D esign  and Im p lem en ta tio n !?

The f i r s t  s i x  o f  th e s e  c o u rse s  a re  u n d e rg ra d u a te  v e r s io n s

o f  c o u rs e s  d e s c r ib e d  in  th e  M a s te r ’s program . The o th e r

c o u rs e s  a re  co m b in a tio n s  o f  m a te r ia l  from  th e  m a s te r ’s program .

Course UC8 i s  o f  some s p e c i a l  i n t e r e s t  in  t h a t  i t  r e p r e s e n ts

an  app ro ach  a t  a second co u rse  in  program m ing.

In  a d d i t io n  to  th e  c u rr ic u lu m  a c t i v i t i e s  o f  ACM in  th e

p o s t ’’C u rricu lu m  '6 8 ” e r a ,  o th e r  o r g a n iz a t io n s  w ere a c t i v e

in  c u rr ic u lu m  p la n n in g  r e l a t e d  to  com puting and com puter

s c ie n c e .  The Computer S c ie n c e s  in  E l e c t r i c a l  E n g in ee rin g

(COSINE) C om m ittee, o f  th e  Commission on E n g in e e rin g  E d u c a tio n ,

in  a d d i t io n  to  work re p o r te d  i n  C h ap te r 5, produced a number

o f  o th e r  r e p o r t s  in v o lv in g  com puter s c ie n c e  to  v a ry in g

d e g r e e s ; Some S p e c i f ic a t io n s  f o r  a_ Com puter-  Or ie n te d  F i r s t

C ourse in  E l e c t r i c a l  E n g in e e rin g  [4 7 ] , Some S p e c i f ic a t io n s

f o r  an  U n d erg rad u ate  C ourse in  D i g i t a l  Subsystem s [4 9 ] ,

Im pact o f  Com puters on E l e c t r i c a l  E n g in e e r in g  E d u ca tio n  -

A View from  In d u s try  [5 0 ] ,  and D i g i t a l  System s L a b o ra to ry

C ourses and L a b o ra to ry  D evelopm ents [5 1 ] .

The Committee on th e  U n d erg rad u ate  Program  in  M athem atics

(CUPM) upgraded  t h e i r  1964 recom m endations f o r  work in  com puting

17^ J .  D a n ie l C ouger, " C u rr ic u la  Recommendations f o r  
U n d erg rad u ate  Program s in  In fo rm a tio n  S ystem s” , Com m unications 
o f  th e  ACM 16, 12 (December 19 7 3 ), 732.
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i n t o  a program  in  c o m p u ta tio n a l m athem atics  a p p e a r in g  in  

May 1971 [ 4 3 ] .  The r e p o r t  comments on th e  need f o r  t h i s  

work:

More r e c e n t ly ,  th r e e  t r e n d s  have become n o t ic e a b le .  
F i r s t ,  t h e r e  a p p e a rs  t o  have dev elo p ed  a s t ro n g  ten d en cy  
on th e  p a r t  o f com puter s c ie n c e  program s to  m inim ize 
p r e r e q u i s i t e  re q u ire m e n ts  in  t r a d i t i o n a l  m a th em atics , 
p a r t i c u l a r l y  a n a l y s i s ,  and a l s o  t o  underem phasize  o r  
even  t o  d is r e g a r d  m ost a r e a s  o f  s c i e n t i f i c  com puting . 
S econd, many d i s c i p l i n e s ,  in c lu d in g  in  p a r t i c u l a r  th e  
b io l o g i c a l ,  s o c i a l ,  and b e h a v io r a l  s c ie n c e s ,  have 
become in c r e a s in g ly  m a th e m a tic a l, g iv in g  r i s e  to  a 
need in  th e s e  f i e l d s  f o r  expanded e d u c a tio n  in  m athe­
m a tic s  and in  s c i e n t i f i c  co m p u tin g . F in a l ly  th e  com puter 
has begun to  have a d i r e c t  e f f e c t  upon m athem atics 
c o u rse s  th e m s e lv e s . New c o u rs e s  p a r t i c u l a r l y  in  
c o m p u te r-o r ie n te d  a p p l ie d  m a th em atic s , a r e  b e in g  in tro d u c e d  
in to  many m athem atics  c u r r ic u lu m , and t r a d i t i o n a l  c o u rse s  
a r e  b e in g  m o d ified  and ta u g h t  w ith  a  com puter o r i e n t a t i o n .  
As an  exam ple o f th e  l a t t e r  we c i t e  o n ly  th e  te a c h in g  
o f  c a l c u lu s .  A p prox im ate ly  100 s c h o o ls  now o f f e r  a  
c o u rse  i n  c a lc u lu s  u s in g  th e  t e x t ,  C a lc u lu s , A Computer 
O rie n te d  P r e s e n ta t i o n , p u b lish e d  b y - th e  ‘C e n te lb 'fo r  R esearch  
in  C o lle g e  I n s t r u c t io n  in  S c ie n ce  and M ath em atic s . . . .

These th r e e  t r e n d s  a l l  in d ic a te  a  need f o r  th e  
m athem atics  community t o  a c c e p t  a r e s p o n s i b i l i t y  f o r  
m a th em atica l o r  s c i e n t i f i c  com pu ting , and to  b ro ad en  
e d u c a t io n a l  o p p o r tu n i t ie s  tow ard  a  more encom passing 
"m a th em atica l s c ie n c e ” in  w hich s tu d e n ts  may e x p lo re  
th e  a r e a s  o f  o v e r la p  betw een p u re  and c o m p u ta tio n a l 
m a th em atics , a s  w e l l  a s  com puter s c ie n c e .  T here  i s  
th u s  a  need f o r  in n o v a tiv e  u n d e rg ra d u a te  program s which 
p ro v id e  f o r  a  w ide ran g e  o f o p t io n s ,  d i f f e r e n t  o p p o r­
t u n i t i e s  f o r  g ra d u a te  s tu d ie s  and a v a r i e t y  o f  f u tu r e  
c a r e e r s .18

The d i f f e r e n t i a t i o n  betw een th e  program  o u t l in e d  in  t h i s  

r e p o r t  and a  com puter s c ie n c e  program  i s  c l e a r l y  s t a t e d :

The p re s e n t  r e p o r t  i s  th e  r e s u l t  o f  such a r e ­
a p p r a i s a l  by th e  CUPM P an e l on C om puting. From th e

1 8 . Committee on th e  U n d e rg rad u a te  Program  in  M athem atics 
(CUPM), Recommendations f o r  an  U n d e rg rad u a te  Program  in  
C o m p u ta tio n a l M athem atics (CUPM, B e rk e le y , C a l i f o r n i a , 197 1 ), 
p p . 2 -3 .
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o u t s e t  i t  was e v id e n t  t h a t  th e  aim s o f t h i s  r e p o r t  
shou ld  be d i f f e r e n t  from  th o s e  o f  th e  e a r l i e r  w ork, 
s in c e  i t s  in te n d e d  au d ien ce  i s  d i f f e r e n t .  The p re s e n t  
r e p o r t  d oes n o t a d d re s s  i t s e l f  to  th e  t r a i n i n g  o f 
com puter s c i e n t i s t s . I n s te a d ,  i t s  co n ce rn  i s  f o r  th e  
e d u c a tio n  o f  m a th em atic ian s  who w i l l  know how to  u se  
and a p p ly  co m p u te rs . Programs in  c o m p u ta tio n a l m athe­
m a tic s  n e c e s s a r i ly  have d i f f e r e n t  o b je c t iv e s  th a n  do 
program s i n  com puter s c i e n c e .19

The r e p o r t  goes on to  recommend t h a t  th e  fo llo w in g  c o u rse s

would be a p p ro p r ia te  to  add to  a program  in  m athem atics:

Computer S c ie n ce  C ourses
C l I n t r o d u c t io n  to  Computing
C2 Computer O rg a n iz a tio n  and Programming
C3 Programming Languages and D ata S t r u c tu r e s

C o m p u ta tio n a l M athem atics C ourses
CM1 C o m p u ta tio n a l Models and Problem  S o lv in g  
CM2 I n t r o d u c t io n  to  N um erical C om putation 
CM3 C o m b in a to ria l Computing
CM4 D i f f e r e n t i a l  E q u a tio n s  and N um erical Methods 

A s tro n g  r e l a t i o n s h i p  i s  seen  betw een th e s e  c o u rse s  and 

th o s e  o f  "C u rricu lum  '6 8 " : C l to  B1 o f C 168; C2 to  B2

o f  C '6 8 ; C3 to  a co m b in a tio n  o f I I  and 12 o f  C '6 8 ; CM2 

to  B4 o f C '6 8 ; CM3 to  B3 o f  C T68; and CM4 to  18 o f C '6 8 .

The p rim ary  d i f f e r e n c e s  seem to  be in  th e  l e v e l  o f o f f e r i n g s .  

C ourse CM1 does n o t have a d i r e c t  p a r a l l e l  in  "C urricu lum  

*68" and p re s e n ts  som ething  o f  a  second c o u rse  in  programming 

w ith  em phasis in  com puter a p p l i c a t i o n s .

As was m entioned abo v e, C^S h as  had an  i n t e r e s t  i n  

program s f o r  seco n d ary  sc h o o ls  and indeed  i s  b e g in n in g  

work j o i n t l y  w ith  th e  ACM Committee on Secondary  Schoo ls 

to  draw up  c e r t i f i c a t i o n  recom m endations.
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Two o th e r  g roups have p u b lish e d  recom m endations in v o lv in g  

com puter s c ie n c e  e d u c a tio n  a s  i t  a p p l ie s  to  th e  p re - c o l le g e  

l e v e l .  The Committee on Computer E d u ca tio n  o f  th e  C onference  

Board o f  th e  M ath em atica l S c ie n ce s  p u b lish e d  in  A p r i l  1972 

"Recommendations R egard ing  Com puters in  High S choo l E d u c a tio n "  

[ 3 8 ] .  T h is  r e p o r t  p re se n te d  a s e r i e s  o f  seven  recom m endations 

re g a rd in g  w hat com puter e d u c a tio n  shou ld  be o f f e re d  in  th e  

sch o o ls  and how i t  shou ld  be a c h ie v e d :

A l. We recommend th e  p r e p a r a t io n  o f  a ju n io r  
h ig h  sc h o o l c o u rse  i n  "com puter l i t e r a c y "  d esig n ed  
t o  p ro v id e  s tu d e n ts  w ith  enough in fo rm a tio n  a b o u t 
th e  n a tu re  o f  a com puter so t h a t  th e y  can  u n d e rs tan d  
th e  r o l e s  w hich com puters p la y  in  o u r s o c ie ty .

A2. We recommend t h a t  th e  p ro c e ss  o f  p re p a r in g  
th e  t e x t  m a te r ia ls  f o r  th e  above c o u rse  be such  a s  
to  p ro v id e  w ide and ra p id  d is s e m in a tio n  o f  in fo rm a tio n  
a b o u t th e  a v a i l a b i l i t y  and f e a s i b i l i t y  o f  th e  c o u rs e .

B. We recommend t h a t  t e x t  m a te r ia ls  f o r  a number 
o f  o th e r  c o u rse s  be p re p a re d , in c lu d in g  an  in t r o d u c t io n  
to  com puting , a s  a fo llo w u p  to  th e  com puter l i t e r a c y  
c o u rs e , some m odules w hich i n t e g r a t e  com puting  in to  
h ig h  sc h o o l m athem atics c o u rs e s ,  and o th e r  m odules 
w hich u t i l i z e  com puters in  s im u la t in g  th e  b e h a v io r  o f 
p h y s ic a l  o r  s o c i a l  phenomena and which en ab le  th e  u se
o f  com puters in  th e  s tu d y  o f  c o u rs e s  o u ts id e  m a th em atics .

C. We recommend th e  developm ent o f  s p e c i a l  program s 
f o r  h ig h  sc h o o l s tu d e n ts  showing u n u su a l a p t i tu d e  and 
prom ise in  com puter s c ie n c e .

D. We recommend a m ajor e f f o r t  aimed a t  making 
v o c a t io n a l  com puter t r a i n i n g  more g e n e r a l ly  a v a i l a b le  
and a t  th e  same tim e  im proving  th e  q u a l i ty  o f  such 
t r a i n i n g .

E. We recommend t h a t  th e  N a tio n a l  S c ien ce  F oundation  
p ro v id e  f i n a n c i a l  su p p o r t  f o r  th e  developm ent o f  a 
v a r i e ty  o f  program s f o r  th e  t r a i n i n g  o f  te a c h e r s  and
o f  te a c h e r s  o f  te a c h e r s  o f  h ig h  s c h o o l c o u rs e s  in v o lv in g  
c o m p u te rs .
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F . We recommend th e  e s ta b lis h m e n t o f  a c le a r in g h o u s e
f o r  in fo rm a tio n  a b o u t h ig h  s c h o o l com puter e d u c a t io n .20

A c t iv i ty  in  th e  seco n d ary  s c h o o l a re a  h as  a l s o  been 

conducted  by th e  W orking Group on Secondary  Schoo l E d u ca tio n  

(WG 3 .1 )  o f  th e  I n t e r n a t i o n a l  F e d e ra tio n  o f  In fo rm a tio n  

P ro c e s s in g  ( I F I P ) ,  T e c h n ic a l Committee f o r  E d u ca tio n  (T C -3).

T h is  g roup  p u b lish e d  an o u t l in e  gu ide  f o r  te a c h e r s  in  A ugust 

1970 [1 1 0 ] , re v is e d  Septem ber 1971 [ i l l ] ,  ’’in te n d e d  f o r  th o se  

peop le  who a re  concerned  w ith  th e  p la n n in g  o f  com puter c o u rse s  

f o r  th e  t r a i n i n g  o f t e a c h e r s ” . 21 V arious a s p e c ts  o f  com puting 

a re  in tro d u c e d  in  such  a way a s  to  lend  th em se lv es  t o  c o u rse  

developm ent f o r  te a c h e r  t r a i n i n g  c o u rs e s ,  a s  w e l l  a s  id e a s  

f o r  c la ss ro o m  d ev elopm en t. I t  i s  p lanned  t h a t  t h i s  work 

w i l l  be expanded in to  a s e r i e s  on com puting i n  secondary  

s c h o o ls .

A d d it io n a l  m a te r ia l  in v o lv in g  c u rr ic u lu m  p la n n in g  has 

been u n d e rta k e n  and r e p o r te d  by in d iv id u a ls  n o t d i r e c t l y  

in v o lv e d  in  th e  a c t i v i t i e s  o f  th e  c u rr ic u lu m  p la n n in g  co m m ittees. 

In  v i r t u a l l y  a l l  c a se s  th e  id e a s  e x p re sse d  have been in c o rp o ra te d  

in  th e  d e l ib e r a t i o n s  o f  th e  v a r io u s  com m ittees and subcom m ittees , 

and a s  such  w i l l  n o t be d i r e c t l y  c o n s id e re d  h e r e .  The re a d e r  

i s  r e f e r r e d  to  s e v e r a l  p ap e rs  a p p e a r in g  in  th e  b ib lio g ra p h y ,

So. Committee on Computer E d u c a tio n , Recommendations R egard ing  
Com puters i n  Hicfh S choo l E d u ca tio n  (C onference  board  o f th e  
M ath em atica l S c ie n c e s , W ash ing ton , D. C .,  A p r i l  1972 ), pp. 1 -2 .

21 . IF IP  T e c h n ic a l Committee f o r  E d u c a tio n , Computer E d u ca tio n  
in  S econdary  S c h o o ls ; An O u tlin e  Guide ( IF IP , Amsterdam, The 
N e th e r la n d s , 1 9 7 1 ) , p . 4 .
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and e s p e c ia l l y  th o se  o f S . Amarel [4 ]  and P. Wegner C l82, 183, 

1 8 4 ] .

Summary

S ubsequent t o  th e  p u b l ic a t io n  o f "C u rricu lu m  ’ 68", 

c o n s id e ra b le  work has gone on r e l a t i n g  to  com puter s c ie n c e  

e d u c a t io n .  A s i g n i f i c a n t  developm ent in  t h i s  p e r io d  was 

th e  fo rm a tio n  o f th e  ACM S p e c ia l  I n t e r e s t  Group on Computer 

S c ien ce  E d u c a tio n  (SIGCSE), which p ro v id e s  a c o n tin u in g  

o rg a n iz a t io n  f o r  th e  p re s e n ta t io n  and exchange o f id e a s  

i n  th e  f i e l d .

C3S h as  c o n tin u e d  i t s  a c t i v i t i e s  fo llo w in g  th e  p u b l ic a t io n  

o f  th e  r e p o r t .  Under th e  sp o n so rsh ip  o f t h i s  Com m ittee, a 

s e r i e s  on d o c to r a l  program s was p u b lis h e d , a summer i n s t i t u t e  

program  f o r  s m a lle r  sc h o o ls  was c o n d u c te d , c o u rse  recommenda­

t io n s  f o r  s m a lle r  s c h o o ls  w ere p re p a re d , and g u id e l in e s  

f o r  m a ste rs  program s were p re p a re d . A d d i t io n a l ly ,  C3S 

h as  r e g u la r ly  met to  d is c u s s  c u r r e n t  i s s u e s  in  com puter 

s c ie n c e  e d u c a tio n , and p r e s e n t ly  has subcom m ittees p re p a r in g  . 

m a te r ia l s  r e l a t i n g  to  s e r v ic e  c o u r s e s ,  and c o u rse s  in  com puter 

a p p r e c ia t io n .

A d d it io n a l  c u rr ic u lu m  work h as  been conducted  w ith in  

ACM by th e  C u rricu lu m  Committee on Computer E d u ca tio n  f o r  

Management (C3EM). T h is  Committee has p rep a red  g u id e l in e s  

f o r  bo th  g ra d u a te  and u n d e rg ra d u a te  program s in  in fo rm a tio n  

system s w hich in t e g r a t e  m a te r ia ls  a s s o c ia te d  w ith  com puter
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s c ie n c e  w ith  m a te r ia ls  a s s o c ia te d  w ith  b u s in e s s .

C u rricu lu m  s tu d y  and developm ent h as  a l s o  gone on o u ts id e  

ACM w ith  th e  COSINE Committee c o n tin u in g  i t s  s tu d y  and 

rev iew  o f  com puter s c ie n c e  i n  e l e c t r i c a l  e n g in e e r in g  and 

CUPM expand ing  i t s  e a r l i e r  work in to  a program  in  c o m p u ta tio n a l 

m a th e m a tic s .



www.manaraa.com

151

C hapter 7 -  Im pact o f  ,rC urriculum  *68”

In  c h a p te r s  1 to  3 "C u rricu lu m  ’68” was d is c u s s e d  as 

w ere th e  im m ediate c r i t i q u e s  o f th e  r e p o r t ,  work p re c ed in g  

th e  p u b l ic a t io n  o f th e  recom m endations, and r e l a t e d  work 

to  "C u rricu lu m  ’6 8 " . In  c h a p te rs  4 to  6 im p lem en ta tio n  o f 

th e  recom m endations were c o n s id e re d , a s  were d is c u s s io n  

o f  work on s p e c i f i c  c o u rse s  and work on C^s and o th e r  g roups 

in v o lv e d  in  com puter s c ie n c e  c u r r ic u lu m . In  t h i s  c h a p te r  

th e s e  m a te r ia l s  w i l l  be drawn to g e th e r  t o  d e te rm in e  th e  

s t r e n g th s  and w eaknesses o f  "C urricu lum  ’6 8 " , and to  see  

how th e  su b se q u e n t r e p o r t s  and recom m endations se rv e  to  

c o r r e c t  th e  w eak n esse s , The a r e a s  n eed in g  a d d i t i o n a l  a t t e n t i o n  

w i l l  th e n  be d e te rm in e d .

The d a ta  from  th e  c u rr ic u lu m  su rv ey s o f C h ap te r 4 in d ic a te  

t h a t  th e  c o u rs e s  o f  "C u rricu lu m  '6 8 "  a r e  o f f e re d  w ith  s i g n i f i ­

c a n t  f re q u e n c y  a t  e d u c a t io n a l  i n s t i t u t i o n s  in  th e  U nited  

S t a t e s .  The d a ta  a l s o  i n d i c a t e ,  how ever, t h a t  c e r t a i n  c o u rse s  

r e q u i r e  a d d i t i o n a l  c o n s id e r a t io n .  These in c lu d e  B3, D is c r e te  

S t r u c t u r e s ,  B4, N um erical C a lc u lu s , 16, S w itch in g  T heory ,

17 , S e q u e n t ia l  M achines, A4, System  S im u la tio n , A3, Analog 

and H ybrid C om puting, A6, Computer G ra p h ic s , and A8, Large 

S c a le  In fo rm a tio n  P ro c e s s in g  S ystem s. I t  i s  i n t e r e s t i n g  

to  n o te  t h a t  c o u rse s  B3, 16 , and 17 r e p r e s e n t  m ost o f  th e  

t h e o r e t i c a l  com ponent in  th e  u n d e rg ra d u a te  program  o f  "C urricu lum  

?68”, in d ic a t in g  t h a t  e x p e r ie n c e  d i c t a t e s  t h a t  t h i s  e n t i r e
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com ponent needs f u r t h e r  e v a lu a t io n .  C ourse B4 a p p ea rs  

t o  need s tu d y  re g a rd in g  i t s  p lacem ent in  th e  c u rr ic u lu m  

and th e  r e l a t i o n s h i p  to  th e  o th e r  c o u rs e s  in  n u m e ric a l 

m a th em atics . C ourse A4 a p p ea rs  to  need a d d i t i o n a l  fo cu s  

a s  to  c o n te n t ,  d i r e c t i o n  and p lacem en t. C ourses A3, A6, 

and A8 seem to  s u f f e r  from  a la c k  o f  equipm ent o r  p e rso n n e l 

i n  most c a s e s ,  b u t a p p ea r to  r a i s e  th e  q u e s t io n  o f t h e i r  

n e c e s s i ty  in  d e ta i l e d  s p e c i f i c a t i o n  in  a l im i te d  c u rr ic u lu m . 

Course I I ,  though  o f f e re d  w ith  more fre q u e n c y  th a n  th e  o th e r s ,  

i s  o f f e r e d  w ith  th e  lo w e st f re q u e n c y  o f  th e  c o re  c o u rse s  

o f  "C urricu lum  ’6 8 " . C o n s id e rin g  th e  c r i t i c a l  p o s i t io n  o f 

t h i s  c o u rse  in  "C u rricu lu m  '5 8 " , i t  to o  r e q u i r e s  a d d i t i o n a l  

s tu d y .

I t  m ust a l s o  be n o te d , t h a t  in  c o n s id e r in g  th e  c o u rs e s  

o f "C u rricu lu m  '6 8 " ,  th e  d a te  o f p u b l ic a t io n  o f th e  r e p o r t ,  

and th e  su b seq u en t developm ent o f  a d d i t i o n a l  i n s t r u c t i o n a l  

m a te r i a l s ,  t h a t  th e r e  i s  a n eed , in  th e  c a se  o f a l l  th e  

c o u r s e s ,  to  e v a lu a te  and f u r t h e r  d e v e lo p  th e  r e f e r e n c in g  

m a t e r i a l s .

A tc h iso n  ob serv ed  a t  th e  C^S m eeting  a t  th e  1971 FJCC-*- 

t h a t  C^S h ad , in  th e  c o n s t r u c t io n  o f  "C urricu lum  *68" s i d e ­

s tep p e d  th e  is s u e  o f s e r v ic e  c o u rse s  in  fa v o r  o f  w hat was 

th e n  th e  more p re s s in g  is s u e  o f d e f i n i t i o n  o f  th e  f i e l d  of 

com puter s c ie n c e .  From th e  d a ta  o f  th e s e  s tu d ie s  o f  c u rr ic u lu m

iU M inutes o f  C3s' M eeting , 1971 FJCC.
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im p lem en ta tio n  i t  i s  c l e a r  t h a t  s e r v ic e  c o u rse s  r e p r e s e n t  

a m ajor u n d e r ta k in g  o f  th e  d e p a r tm e n ts , and hence c o n s id e r a t io n  

o f  t h i s  a re a  must be made in  a rev iew  o f ’’C u rricu lu m  ’68” .

A reas t h a t  need a t t e n t i o n  in c lu d e  th e  a p p ro p r ia te n e s s  o f 

a c o u rse  l i k e  B1 a s  a s e r v ic e  c o u rs e , th e  n a tu re  and c o n te n t  

o f  com puter a p p r e c ia t io n  o r  com puter and s o c ie ty  c o u rs e s ,  

th e  r o l e  o f th e  s p e c i a l  a p p l i c a t io n  c o u r s e s ,  th e  r o le  o f 

th e  s p e c i a l  lan g u ag e  c o u r s e s ,  and c o u rse  work above a  one 

c o u rse  o f f e r in g  in  th e  s e r v ic e  a r e a .

E x p e rien ce  shows t h a t  work in  th e  d a ta  p ro c e s s in g  a re a  

i s  o f f e r e d  and even  r e q u ire d  in  a c o n s id e ra b le  number o f 

p rogram s, y e t  i t  was n o t c o n s id e re d  in  ’’C u rricu lu m  ’68” .

T h is ,  th e n ,  i s  an  a re a  w hich needs a t t e n t i o n .

E x p e rien ce  a l s o  shows t h a t  a la r g e  number o f  c o u rse s  

in  com puter t o p ic s  n o t c o n s id e re d  in  "C u rricu lum  ’68" a re  

b e in g  t a u g h t .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  many o f  th e s e  

c o u rs e s  a r e  o f f e re d  w ith  g r e a t e r  freq u e n cy  th a n  some o f 

th e  c o u rse s  o f  ’’C u rricu lu m  ’6 8", and a s  such m ust be e v a lu a te d  

in  c o n s id e r a t io n s  o f  r e v i s io n s  and u p d a tin g s  o f  "C urricu lum  

’68” . These in c lu d e  c o u rse s  l i k e  Computer D esig n , System s 

D e sig n , D ata  Base Management, F i l e  O rg a n iz a tio n , O p e ra tio n s  

R e se a rc h , D ata C om m unications, and P ro cess  C o n tro l .

The c o n s is te n c y  w ith  which th e  g ra d u a te s  r e p o r t  th e  

im p o rtan ce  o f th e  p r a c t i c a l ,  programming o r ie n te d  c o u rse s  

i s  s i g n i f i c a n t .  In  many ways t h i s  r e p e a ts  th e  th o u g h ts  

e x p re sse d  in  d is c u s s io n s  o f  in d u s t r y  r e a c t io n s  to  com puter
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s c ie n c e  program s such  a s  th e  rem arks o f Hamming c o n sid e re d  

in  C h ap te r 2 , and th e  p a n e l s e s s io n s  a t  th e  Second SIGCSE 

Symposium and th e  F ou rth  SIGCSE Symposium. These a re  summarized 

by Dodd [6 4 ]  in  h i s  p o s i t io n  s ta te m e n t from  th e  l a t t e r :

Today, u n d e rg ra d u a te  Computer S c ien ce  E d u ca tio n  
te a c h e s  m echanics w ith o u t te a c h in g  problem  s o lv in g .
T y p ic a l c u r r i c u l a  in c lu d e  c o u rse s  in  a ssem b le r lan g u ag e , 
co m p ile r th e o ry ,  l i s t  p ro c e s s in g , and au tom ata  th e o ry .  
Every  MS d e g re e  h o ld e r ,  and most BS d eg ree  h o ld e r s ,  
know P o lis h  n o ta t io n ,  and have w r i t t e n  p a r t s  o f c o m p ile rs . 
However, few o f them  have e v e r  le a rn e d  to  w r i te  a program  
t h a t  can  be e a s i l y  enhanced o r  respond  to  changes a s  
new management ( i n s t r u c t o r )  re q u ire m e n ts  a r e  s e t  f o r t h .
Even few er can  re a d  a program  and d e s c r ib e  what i t  does 
o r  debug a system  c o n s i s t in g  o f te n  o r  more modules.2

When one c o n s id e rs  t h a t  W a lk e r 's  s tu d y  in d ic a te s  t h a t  p re p a ra ­

t i o n  o f system s a n a ly s t s  was th e  h ig h e s t  ranked  o b je c t iv e  

o f  u n d e rg ra d u a te  program s and second h ig h e s t  ranked  o b je c t iv e  

f o r  a m a s te r ’s program , w h ile  p re p a ra t io n  o f com puter so ftw a re  

system s d e s ig n e rs  was th e  h ig h e s t  ranked  o b je c t iv e  o f th e  

m a s te r ’s p rogram s, th e s e  r e s u l t s  a r e  even more s i g n i f i c a n t .

The e v a lu a t io n  o f th e  g ra d u a te s ,  e s p e c ia l l y  when combined 

w ith  th e  comments from  in d u s t r y ,  in d ic a te s  a w eakness in  

"C u rricu lum  '6 8 "  and program s r e l a t e d  t o  i t  in  th e  p r a c t i c a l  

programming o r ie n te d  a r e a s .  These a re a s  must be c a r e f u l ly  

c o n s id e re d  in  a r e v i s io n  o f  "C urricu lum  ’68".

C h ap ter 5 lo o k s  a t  s p e c i f i c  co u rse  developm ent a s  re p o r te d  

in  th e  l i t e r a t u r e  s in c e  th e  p u b l ic a t io n  o f "C u rricu lum  ’68".

The f a c t  t h a t  such m a te r ia l  was p u b lish e d  p o in ts  to  th e

5*1 George Dodd, " P o s i t io n  S ta tem en t on In d u s try  R ea c tio n  to  
Computer S c ien ce  E d u c a tio n " , SIGCSE B u l le t in  6 , 1 (F eb ru a ry  
1 9 7 4 ), 79 ..
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f a c t  t h a t  i t  was to  sh a re  c e r t a i n  id e a s  in  c u rr ic u lu m  n o t 

w id e ly  known, and hence s e rv e s  to  overcome some o f  th e  

sho rtco m in g s o f  "C u rricu lu m  ’ 68'*. In  th e  p ro c e ss  o f e v a lu a t io n  

o f "C urricu lum  '6 8 "  w orking  tow ard r e v i s io n ,  t h i s  work must 

be c a r e f u l ly  c o n s id e re d  as r e p r e s e n t in g  p o t e n t i a l l y  s i g n i f i c a n t  

c o n t r ib u t io n s  to  th e  r e v i s io n .

The f i r s t  co u rse  i s  e x te n s iv e ly  d is c u s s e d  from  th e  

s ta n d p o in t  o f  th e  com puter s c ie n c e  c u rr ic u lu m , a s  w e l l  as  

from  t h a t  o f  a s e r v ic e  c o u r s e ,  and t h a t  o f  a combined c o u rse  

to  meet th e  o b je c t iv e s  o f  b o th  g ro u p s . The id e a s  o f  programming 

s t r u c tu r e  and s ty le  a re  a l s o  b ro u g h t i n to  th e s e  d i s c u s s io n s .

Work in  th e  a r e a s  o f  com puters and s o c ie ty  and com puter 

a p p r e c ia t io n  c o u rse s  i s  c o n s id e re d . The d i s c r e t e  s t r u c tu r e s  

c o u rse  r e c e iv e s  c o n s id e ra b le  a t t e n t i o n  a s  m ight be ex p ec ted  

by a c o u rse  h av in g  a key r o le  in  th e  c u rr ic u lu m  recom m endations 

w h ile  showing f a r  from  u n iv e r s a l  a cc e p tan c e  in  c u r r ic u la  

im p le m e n ta tio n . A d d i t io n a l ly  a new c o u rse  in  c o m p u ta tio n a l 

a n a ly s i s  and f u r t h e r  d is c u s s io n  o f  a d d i t i o n a l  th e o ry  c o u rse s  

a r e  c o n s id e re d .

O p e ra tin g  system s o r  system s programming h as  c o n s id e ra b le  

co v erag e  in c lu d in g  th e  e x te n s iv e  r e p o r t  o f th e  COSINE 

C om m ittee. R e la te d  t o  t h i s  i s  th e  d is c u s s io n  o f  p e d ag o g ic a l 

so ftw a re  and o f  s p e c ia l  com puting f a c i l i t i e s  te a c h in g  com puter 

s c ie n c e .

A d d it io n a l  c o u rse s  c o n s id e re d  in c lu d e  com puter o r g a n iz a t io n ,  

com puter a r c h i t e c tu r e  so f tw a re  e n g in e e r in g  and b u s in e s s
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r e l a t e d  c o u rs e s .

C h ap te r 6 c o n s id e re d  su b seq u en t work o f  C^S and o th e r  

g roups in v o lv ed  in  c u rr ic u lu m  p la n n in g . In  some c a s e s  t h i s  

d e m o n s tra te s  a r e a s  where C^S i s  a d d re s s in g  o r  h as  a d d re sse d  

some o f  th e  sh o rtco m in g s o f  "C u rricu lu m  '6 8 " ,  in  o th e r s  

i t  r e p r e s e n ts  s tu d ie s  t h a t  m ust be e v a lu a te d  and p o t e n t i a l  

s o lu t io n s  to  such  sh o rtc o m in g s .

A sp ec ts  o f  th e  d o c to r a l  program  have been ad d re ssed  

in  th e  Com m unications o f  th e  ACM. A subcom m ittee o f  C^s 

has looked a t  th e  s p e c i a l  problem s o f  com puter s c ie n c e  a t  

sm a ll c o l le g e s  and recommended a sequence o f  fo u r  c o u rse s  

to  se rv e  a s  a c o re  f o r  s tu d e n ts  p la n n in g  to  go on in  com puting , 

and a l s o  to  m eet v a r io u s  s e r v ic e  n e e d s . A subcom m ittee i s  

s tu d y in g  th e  a re a  o f  s e r v ic e  c o u rs e s  and a n o th e r  com puters 

and s o c ie ty  c o u r s e s .  The m a s te r 's  program  h as  been  c o n s id e re d  

f u r t h e r  and an  i n i t i a l  s e t  o f  recom m endations has been 

p r e s e n te d .

The ACM C u rricu lu m  Committee on Computer E d u ca tio n  f o r  

Management h as  p re p a red  recom m endations f o r  b o th  g ra d u a te  

and u n d e rg ra d u a te  program s in  in fo rm a tio n  system s d e sig n ed  

to  meet and overcome some o f  th e  o b je c t io n s  t h a t  com puter 

s c ie n c e  program s a re  n o t  re sp o n d in g  to  th e  need o f  b u s in e s s .  

A rm strong ClO] sum m arizes th e  o b je c t iv e s  o f  t h i s  c o m m itte e ’s 

work in  th e  P ro ce e d in g s  o f  th e  Second SIGCSE Symposium:

As a member o f  th e  ACM C u rricu lu m  Committee on 
Computer S c ien ce  E d u ca tio n  f o r  Management, I  have been 
in v o lv ed  i n  th e  developm ent o f  a c u rr ic u lu m  f o r  a p r o f e s s io n ­
a l  M a s te r 's  d e g re e  in  In fo rm a tio n  S ystem s. I t  i s
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th e  o p in io n  o f t h i s  com m ittee t h a t  t h e i r  c u rr ic u lu m  
p ro p o sa l r e p r e s e n ts  a  v ia b le  app roach  to  th e  c u r r e n t  
and p ro je c te d  needs o f  o rg a n iz a t io n s  -  w ith in  th e  
c u r r e n t  u n iv e r s i t y  fram ew ork. Computer S c ien ce  D epartm ents 
w i l l  be c a l l e d  upon to  su p p o r t c e r t a i n  a s p e c ts  o f 
t h i s  c u rr ic u lu m  -  a s  w i l l  th e  b u s in e s s  s c h o o ls ,  and 
th e  o p e ra t io n s  r e s e a rc h  p e o p le . The d e s i r e  i s  f o r  an 
in te g r a te d  app roach  -  w ith  th e  a d d i t io n a l  in f u s io n  
o f  th e  e x p e r ie n c e  o f in d u s t r y  p r a c t i t i o n e r s .  A c h a lle n g e  
e x i s t s  in  i n t e g r a t i n g  e x p e r ie n c e  in to  such a program  
in  a m ean in g fu l f a s h io n  w ith o u t v i o l a t i n g  th e  aim s 
o f  th e  u n i v e r s i t y . 3

A d d i t io n a l ly  th e  COSINE Committee o f  th e  Commission 

on E n g in e e rin g  E d u ca tio n  h a s  been a c t iv e  in  p r e p a ra t io n  o f 

v a r io u s  a s p e c ts  o f  com puter s c ie n c e  and how i t  r e l a t e s  to  

e l e c t r i c a l  e n g in e e r in g ,  w h ile  th e  Committee on th e  U nderg raduate  

Program  in  M athem atics h as  p re p a red  recom m endations f o r  

a p p ro p r ia te  com puter s c ie n c e  work in  a m athem atics program .

Work has been u n d e rta k e n  in  th e  seco n d ary  sc h o o l a re a  

by th e  I n t e r n a t io n a l  F e d e ra tio n  o f  In fo rm a tio n  P ro c e ss in g  

and by th e  C onference  Board o f  th e  M athem atica l S c ie n c e s .

ACM has r e c e n t ly  form ed a g roup  composed from  members o f C^S 

and th e  ACM Committee on Secondary  Schoo l Programs to  in v e s t ig a te  

and recommend g u id e l in e s  f o r  th e  t r a i n i n g  o f  seco n d ary  sch o o l 

t e a c h e r s .

Summary and c o n c lu s io n s

"C urricu lum  '6 8 "  has proved an  im p o r ta n t so u rc e  in  th e  

p la n n in g  and developm ent o f  academ ic program s in  com puter 

s c ie n c e .  One o n ly  need lo o k  a t  th e  r e c e n t  l i s t i n g s  o f  c u r r e n t

3 . R u s s e l l  M. A rm strong , " I n d u s t r y 's  Need and Computer S c ien ce  
D ep artm en ts" , SIGCSE B u l le t in  4 , 1 (March 197 2 ), 73 .
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o f f e r in g s  to  see  t h i s  in f lu e n c e ,  and t h i s  c an n o t m easure 

a l l  o f th e  im pact w hich must a l s o  in c lu d e  th e  v a r io u s  c a s e s  

where m a te r ia ls  have been in tro d u c e d  a f t e r  a s tu d y  o f  th e  

r e p o r t  in d ic a te d  a d i f f e r e n t  ap p ro ach  was n e c e s s a ry .

L ike a l l  docum ents, how ever, "C u rricu lum  ’68" has i t s  

sho rtco m in g s and i s  in  need o f r e v i s i o n ,  m o d if ic a t io n ,  and 

u p d a tin g , though th e  e v id en c e  o f  e x p e r ie n c e  in d ic a te s  t h a t  

a com plete  new s e t  o f recom m endations i s  p ro b ab ly  n o t n e c e s s a ry . 

On th e  o th e r  hand, some item s such a s  u p d a tin g  o f b ib l io g r a p h ie s  

i s  o b v io u s ly  n e c e s s a ry .

O ther a r e a s ,  in c lu d in g  s e r v ic e  c o u r s e s ,  th e  r e l a t i o n s h i p  

to  b u s in e s s  d a ta  p ro c e s s in g , te a c h e r  t r a i n i n g  p rogram s, and 

c o u rse s  r e f l e c t i n g  advances in  com puter te c h n o lo g y  must 

be c o n s id e re d . In  c o n s id e r in g  th e s e  a r e a s ,  c l e a r l y  c e r t a i n  

a r e a s  and to p ic s  o f  i n t e r e s t  and im p o rtan ce  a t  th e  tim e 

o f th e  p r e p a r a t io n  o f th e  "C u rricu lu m  ’68" must be r e c o n s id e re d .

P e d a g o g ica l q u e s t io n s  such a s  th e  r o le  o f th e  id e a s  

e x p re ssed  in  th e  r e c e n t  developm ents in  programming s t y l e  

and s t r u c t u r e ,  developm ents in  th e  a re a s  o f  p ed ag o g ic a l 

lan g u ag es  and t h e i r  im p l ic a t io n s  on equipm ent re q u ire m e n ts  

and c o u rse  d ev elopm en t, and th e  a v a i l a b i l i t y  o f  m in icom puters 

and t h e i r  im p l ic a t io n  on th e  c u rr ic u lu m  must be e v a lu a te d .

S p e c if ic  c o u rse s  recommended in  th e  r e p o r t  w hich have 

n o t been w id e ly  a c c e p te d , o r  w hich have n o t ach iev ed  th e  

k ey  p o s i t io n  p re s c r ib e d  in  th e  p r e r e q u i s i t e  s t r u c tu r e  o f 

"C urricu lum  ’ 68" must be r e e v a lu a te d .
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At th e  m eeting  o f C3S a t  th e  1974 N a tio n a l Computer 

C onference  i t  was d e te rm in ed  t h a t  a l l  e f f o r t s  shou ld  be made 

to  make "C urricu lum  ’68" more f l e x i b l e  and t im e ly .  To t h i s  

end com m entaries a re  to  be p rep a red  on th e  b u s in e s s  a r e a ,  

th e  o p e ra t in g  system s a r e a ,  th e  hardw are  a r e a ,  th e  s e r v ic e  

a r e a ,  th e  in fo rm a tio n  r e t r i e v a l  a r e a ,  th e  t h e o r e t i c a l  a r e a ,  

th e  com puter e n g in e e r in g  a r e a ,  and th e  r e l a t i o n s h i p  o f  two 

y e a r  program s to  th e  u n iv e r s i t y  p ro g ram s.

Computer S c ien ce  E d u ca tio n  s in c e  "C urricu lum  '6 8 "  has 

a r i c h  i f  n o t e x h a u s tiv e  l i t e r a t u r e ,  c o v e r in g  ap p ro ach es  

and a c t i v i t i e s  in  many a r e a s  t h a t  r e p r e s e n t  o m iss io n s  and 

sh o rtco m in g s  o f "C urricu lum  ’6 8 " . In  th e  developm ent o f th e se  

com m entaries and th e  r e v i s io n  o f th e  r e p o r t ,  i t  i s  e s s e n t i a l  

t h a t  th e  e x p e r ie n c e  r e f l e c t e d  in  t h i s  l i t e r a t u r e  be f u l l y  

u t i l i z e d .

C u rricu lu m  recom m endations se rv e  a v a r i e t y  o f  needs 

among w hich a re  g u id e l in e s  to  sc h o o ls  d e v e lo p in g  p rogram s, 

and m odels by w hich in fo rm a tio n  on c o u rse s  and program s can  

be e x p la in e d  and m easu red . G ran ted  th e  you th  o f th e  com puter 

f i e l d ,  and t h a t  th e r e  i s  a c o n tin u e d  need f o r  com puter s c ie n c e  

g ra d u a te s  a t  l e a s t  a t  th e  b a c h e lo r ’ s and m a s te r ’s le v e l^  

such recom m endations a r e  im p o r ta n t .  Work on an  u p d a te  and 

r e v i s io n  o f "C urricu lum  ’68" i s  n e c e s sa ry  and w i l l  be a most 

welcome a d d i t io n  to  th e  l i t e r a t u r e  o f  Computer S c ien ce  E d u c a tio n .

4~. John  W. Hamblen, Computer Manpower -  Supply  and Demand -  
by S t a t e s ,  In fo rm a tio n  System s C o n s u l ta n ts ,  R . R . 1 box 2 56A,
S t .  Jam es, M isso u ri, 1973.
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