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PREFACE 

The International Conference on the elaboration of a dynamic health 
model and the information system for the coordination of research in on- 
cology was held in Moscow (USSR) and Laxenburg (Austria) from Decem- 
ber 8 to December 12, 1975, under the auspices of the Ministry of Health 
of the USSR, The World Health Organization (WHO) and the Internation- 
al Institute for Applied Systems Analysis. 

The subject discussed at the Conference--the application of sys- 
tems analysis and mathematical modeling t o  health and medicine--at- 
tracted prominent scientists, experts in health administration, mathe- 
maticians, economists and oncologists. 

Among the participants of the Conference were 37 scientists from 
12 countries. A list of participants and an agenda are appended. 

Discussion at the Conference was centered on the material pre- 
sented by a group of Soviet scientists on two topics: 

- Modeling of health care systems; 

- Long-term program of international cooperation in the field 
of cancer research. 

The present publication includes the main papers submitted by 
the organizers of the Conference, reports by the participants and a sum- 
mary of the discussions which took'place at plenary and section meetings. 
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Welcoming Address  

N . N .  B lokhin  

It i s  f o r  m e  a  g r e a t  p l e a s u r e  and h i g h  honor  t o  welcome you 
h e r e  t o d a y  a t  t h e  Ontological C e n t e r  o f  t h e  Academy o f  Medical  
S c i e n c e s  o f  t h e  S o v i e t  Union t o  t h e  c o n f e r e n c e  on  h e a l t h  sys tem 
model ing and  t h e  i n f o r m a t i o n  sys tem t o  c o o r d i n a t e  r e s e a r c h  i n  
onco logy .  

W e  l i v e  i n  a  p e r i o d  when i n t e r n a t i o n a l  c o o p e r a t i o n  i n  t h e  
f i e l d  o f  m e d i c i n e  and p u b l i c  h e a l t h  h a s  become a  n e c e s s i t y .  I n  
some m e d i c a l  f i e l d s  t h e r e  is  v e r y  a c t i v e  c o o p e r a t i o n .  I o b s e r v e  
w i t h  g r e a t  s a t i s f a c t i o n  t h a t  onco logy  h a s  now become t h e  l e a d i n g  
b r a n c h  o f  m e d i c a l  s c i e n c e  i n  t h e  f i e l d  o f  i n t e r n a t i o n a l  coopera -  
t i o n .  T h i s  i s  n o t  by c h a n c e ,  b e c a u s e  c a n c e r  c o n t r o l  h a s  become 
a  problem o f  g r e a t  c o n c e r n  f o r  t h e  whole o f  mankind: a t t e m p t s  
a t  c o o p e r a t i o n  i n  t h i s  f i e l d  were f i r s t  made a s  e a r l y  a s  t h e  
b e g i n n i n g  o f  t h i s  c e n t u r y .  I n t e r n a t i o n a l  c o n g r e s s e s ,  t h e  e s t a b -  
l i s h m e n t  o f  t h e  I n t e r n a t i o n a l  Union a g a i n s t  Cancer ,  t o  which 
t h e  m a j o r i t y  of  c o u n t r i e s  b e l o n g ,  and of  a  number o f  o t h e r  i n t e r -  
n a t i o n a l  o r g a n i z a t i o n s ,  i n c l u d i n g  IARC i n  Lyons, have a l l  s e r v e d  
t o  promote t h e  development  of  i n t e r n a t i o n a l  c o o p e r a t i o n  i n  o n c o l -  
ogy. However, many o t h e r  f i e l d s  o f  m e d i c a l  s c i e n c e  a r e  a l s o  
e x t r e m e l y  i m p o r t a n t  i n  t e r m s  o f  i n t e r n a t i o n a l  c o o p e r a t i o n .  The 
WHO u n i t e s  members o f  t h e  m e d i c a l  p r o f e s s i o n  t h r o u g h o u t  t h e  wor ld  
and i s  r e s p o n s i b l e  f o r  t h e  o r g a n i z a t i o n  o f  c o o p e r a t i o n  which i s  
o f  g r e a t  i m p o r t a n c e  f o r  t h e  development  of  m e d i c i n e  and h e a l t h  
i n  t h e  wor ld .  

Our c o n f e r e n c e  h a s  been  o r g a n i z e d  t h a n k s  t o  t h e  i n i t i a t i v e  
and a c t i v e  p a r t i c i p a t i o n  o f  t h r e e  major  o r g a n i z a t i o n s :  t h e  
M i n i s t r y  o f  H e a l t h  o f  t h e  USSR, t h e  WHO and  IIASA. W e  a r e  happy 
t o  welcome you h e r e  a s  r e p r e s e n t a t i v e s  of  t h e  many s c i e n t i s t s  
working i n  i n t e r n a t i o n a l  and n a t i o n a l  h e a l t h  i n s t i t u t i o n s  and ,  
p a r t i c u l a r l y ,  i n  o n c o l o g i c a l  i n s t i t u t i o n s .  

I f  i n t e r n a t i o n a l  c o o p e r a t i o n  i s  n e c e s s a r y ,  it shows t h a t  
u n i f i e d  programs and a p p r o a c h e s  t o  t h e  a n a l y s i s  o f  t h e  programs,  
t o  p l a n n i n g ,  c o o r d i n a t i o n  and e v a l u a t i o n  o f  t h e  r e s u l t s  a r e  
e s s e n t i a l .  W e  l i v e  i n  a n  e r a  when mathemat ics  and c y b e r n e t i c s  
a r e  a c q u i r i n g  a n  e v e r  i n c r e a s i n g  s i g n i f i c a n c e  i n  d i f f e r e n t  
f i e l d s  o f  s c i e n c e ,  p r o v i d i n g  a  s c i e n t i f i c  b a s i s  f o r  p l a n n i n g  and 
model ing a c t i v i t i e s  and f o r  s t u d y i n g  t h e  r e s u l t s  o f  c o o p e r a t i o n .  
I t  i s  t h e  aim o f  o u r  c o n f e r e n c e  t o  d i s c u s s  t h e s e  t o p i c s .  I con- 
s i d e r  it t o  b e  a n  e x t r e m e l y  i m p o r t a n t  o c c a s i o n .  



I s h o u l d  t h e r e f o r e  l i k e  t o  welcome a l l  t h e  p a r t i c i p a n t s  
o f  t h e  c o n f e r e n c e  a n d  convey my c o r d i a l  w i s h e s  o f  s u c c e s s  i n  
t h e  work.  



Welcoming Address  on Behalf  o f  WHO 

A.S. Pav lov  

I am v e r y  p l e a s e d  t o  welcome you t o  t h i s  Conference  which 
i s  d i s c u s s i n g  t h e  e l a b o r a t i o n  o f  a n  I n t e r n a t i o n a l  I n f o r m a t i o n  
System f o r  t h e  C o o r d i n a t i o n  o f  Cancer  Research .  D r .  Mahle r ,  
t h e  D i r e c t o r - G e n e r a l  o f  t h e  World H e a l t h  O r g a n i z a t i o n  h a s  asked  
me t o  convey h i s  g r e e t i n g s  and b e s t  w i s h e s  f o r  t h e  s u c c e s s  o f  
your  d e l i b e r a t i o n s .  I s h o u l d  a l s o  l i k e  t o  t a k e  t h i s  o p p o r t u n i t y  
t o  e x p r e s s  o u r  t h a n k s  t o  t h e  Government o f  t h e  S o v i e t  Union f o r  
h o l d i n g  t h e  m e e t i n g  i n  Moscow t o  d l s c u s s  t h i s  v e r y  i m p o r t a n t  
t o p i c .  

The wor ld  i s  now u n d e r g o i n g  v e r y  r a p i d  development  which 
h a s  b r o u g h t  a b o u t  problems o f  u r b a n i z a t i o n  and u r b a n  growth a s  
w e l l  a s  new i n d u s t r i e s  and t h e  r a p i d  g rowth  of p o p u l a t i o n .  

A s  r e g a r d s  s o c i e t y ,  t h e  h e a l t h  o f  t h e  p o p u l a t i o n  is o f  t h e  
g r e a t e s t  s i g n i f i c a n c e ;  i n t e r a c t i n g  w i t h  socio-economic f a c t o r s ,  
t h e  env i ronment ,  working c o n d i t i o n s  and s o  on .  I t  is  a  v e r y  
s o p h i s t i c a t e d  problem. For  t h i s  r e a s o n  it i s  i m p o r t a n t  t o  a d o p t  
a n  o p t i m a l  approach  t o  p romot ing  h e a l t h .  WHO h a s  c l o s e l y  co- 
o p e r a t e d  f o r  a  long  t i m e  w i t h  many c o u n t r i e s  i n  p r e p a r i n g  t h e  
e s t a b l i s h m e n t  o f  n a t i o n a l  p u b l i c  h e a l t h  s e r v i c e s .  I t  i s  l a i d  
down i n  t h e  c o n s t i t u t i o n  o f  WHO t h a t  " H e a l t h  i s  a  s t a t e  o f  com- 
p l e t e  p h y s i c a l ,  m e n t a l  and s o c i a l  w e l l - b e i n g  and n o t  mere ly  t h e  
a b s e n c e  o f  d i s e a s e  o r  i n f i r m i t y " .  

An a p p r o p r i a t e  way of a t t a c k i n g  t h e s e  problems i s  t o  a p p l y  
modern sys tems  a n a l y s i s  which p e r m i t s  a  comprehensive approach  
t o  t h e  whole h e a l t h  s e c t o r .  W e  hope t h a t  t h i s  m e e t i n g  w i l l  t a k e  
some i m p o r t a n t  s t e p s  fo rward  i n  t h e  development  of t h e s e  ap- 
p r o a c h e s ,  by h e l p i n g  t o  promote m a t h e m a t i c a l  h e a l t h  model ing.  

The second s e s s i o n  is  d e v o t e d  t o  i n t e r n a t i o n a l  c o o p e r a t i o n  
i n  c a n c e r  r e s e a r c h .  WHO R e s o l u t i o n s  i n  t h e  2 6 t h ,  2 7 t h  and 28 th  
World H e a l t h  Assembl ies  d i r e c t e d  t h e  D i r e c t o r - G e n e r a l  t o  d e v e l o p  
long- te rm p l a n n i n g  o f  i n t e r n a t i o n a l  c o o p e r a t i o n  i n  c a n c e r  re- 
s e a r c h .  WHO i s  now i n  t h e  p r o c e s s  o f  p r e p a r i n g  t h i s  program. 
I t  i s  n o t  n e c e s s a r y  f o r  m e  t o  p o i n t  o u t  how i m p o r t a n t  t h i s  p ro-  
gram i s  f o r  most c o u n t r i e s .  Many o f  them d e v o t e  c o n s i d e r a b l e  
r e s o u r c e s  and manpower t o  c a n c e r  r e s e a r c h .  The program i s  a l s o  
v e r y  c o m p l i c a t e d ,  w i t h  m u l t i p l e  i n t e r a c t i o n s  between b a s i c  re- 
s e a r c h ,  c l i n i c a l  r e s e a r c h  and c a n c e r  h e a l t h  s e r v i c e s .  The impor 
t a n c e  o f  t h e  problem i s  emphasized by t h e  f a c t  t h a t  t h e  m a t t e r  
h a s  been under  c o n s i d e r a t i o n  by non-medical c o n f e r e n c e s  s u c h  a s  
t h e  Conference  on European S e c u r i t y  and C o o p e r a t i o n ,  a t  which 
c a n c e r  was s i n g l e d  o u t  a s  o n e  o f  t h e  most p r o m i s i n g  s p h e r e s  f o r  
i n t e r n a t i o n a l  c o o p e r a t i o n .  



The c o n t r o l  of  c a n c e r  i s  a  r e a s o n a b l e  o b j e c t i v e  f o r  
t h e  a p p l i c a t i o n  o f  sys tems  a n a l y s i s ,  b e c a u s e  o n l y  i n  t h i s  way 
i s  it p o s s i b l e  t o  e s t a b l i s h  a  r a t i o n a l  s t r a t e g y  t o  f i g h t  t h e  
complex d i s e a s e  c o n d i t i o n s  i n v o l v e d .  

W e  hope t h a t  w e  w i l l  e n j o y  c l o s e  c o o p e r a t i o n  w i t h  I I A S A  i n  
t h e  f u t u r e ,  and l o o k  fo rward  t o  f r u i t f u l  deve lopments .  

May I wish  you a  v e r y  s u c c e s s f u l  m e e t i n g  and a  p l e a s a n t  
s t a y  i n  Moscow. 



Welcoming Address  o n  Behalf  o f  IIASA 

R.E. Levien 

Allow m e  f i r s t  t o  e x p r e s s  my p l e a s u r e  a t  hav ing  t h e  oppor-  
t u n i t y  t o  s p e a k  h e r e  on b e h a l f  o f  o u r  I n s t i t u t e  t o  a d d r e s s  a  
m e e t i n g  i n  Moscow. I t  i s  a  g r e a t  honor .  W e  hope t h a t  t h e  work 
o f  t h e  Conference  w i l l  b e  i n t e r e s t i n g  and s t r i k i n g l y  s u c c e s s f u l .  

Our I n s t i t u t e  h a s  now e n t e r e d  a  new s t a g e  o f  i t s  deve lop-  
ment.  I see h e r e  many f a m i l i a r  f a c e s  o f  p e o p l e  who a r e  a l r e a d y  
a c q u a i n t e d  w i t h  o u r  work, b u t  I a l s o  see many p e o p l e  whom I have  
n o t  p r e v i o u s l y  m e t .  I should  l i k e ,  t h e r e f o r e ,  t o  g i v e  you a  
s h o r t  a c c o u n t  o f  t h e  f o u n d a t i o n  o f  o u r  I n s t i t u t e  and t o  t e l l  you 
a b o u t  i t s  work. 

Our I n s t i t u t e  may b e  d e s c r i b e d  a s  a  t h r e e - y e a r  o l d  c h i l d  
which was b o r n  a f t e r  a  f i v e  y e a r  p regnancy ,  which s t a r t e d  a b o u t  
1966.  I f  you w i s h ,  you may r e g a r d  t h i s  d a t e  a s  a  m i l e s t o n e  on 
t h e  way t o w a r d s  b u i l d i n g  a  b r i d g e  between E a s t  and West, s i n c e  
t h e  i d e a  o f  e s t a b l i s h i n g  a n  I n s t i t u t e  t o  work a t  i n v e s t i g a t i o n s  
o f  b e n e f i t  t o  t h e  whole w o r l d ,  and t o  a l l  p e o p l e s ,  i s  now a n  
accompl i shed  f a c t .  

I t  was p receded  by a  l o n g  p e r i o d  o f  n e g o t i a t i o n s  between 
t h e  Uni ted  S t a t e s ,  t h e  S o v i e t  Union, and a  number o f  o t h e r  
c o u n t r i e s .  Today, we c a n  s a y  t h a t  o u r  t h r e e - y e a r  o l d  c h i l d  h a s  
s u r v i v e d  i t s  f i r s t  and most d i f f i c u l t  p e r i o d .  

A t  p r e s e n t  we have members f rom 12 c o u n t r i e s .  Our f i r s t  
m e e t i n g  was h e l d  i n  London. Among t h o s e  who s i g n e d  t h e  main 
document were t h e  Union o f  S o v i e t  S o c i a l i s t  R e p u b l i c s ,  t h e  
Uni ted  S t a t e s ,  Po land ,  J a p a n ,  C z e c h o s l o v a k i a ,  F e d e r a l  R e p u b l i c  
o f  Germany, B u l g a r i a ,  F r a n c e ,  German Democrat ic  R e p u b l i c ,  I t a l y  
and t h e  Uni ted  Kingdom. Soon a f t e r  t h e  s i g n i n g  o f  t h e  document,  
we were g i v e n  a  r e m a r k a b l e  p a l a c e ,  i n  A u s t r i a ,  which had f o r m e r l y  
be longed  t o  t h e  Habsburgs ,  a s  t h e  p l a c e  t o  o r g a n i z e  o u r  head- 
q u a r t e r  s. 

Our I n s t i t u t e  i s  a  non-governmental o r g a n i z a t i o n .  I should  
l i k e  t o  stress t h a t  t h e  p a r t i c i p a n t s  a r e  n o t  governments  b u t  
n a t i o n a l  academies  o f  s c i e n c e s  o r  o t h e r  s c i e n t i f i c  i n s t i t u t i o n s .  

A s  t o  f i n a n c i a l  s u p p o r t ,  t h e  S o v i e t  Union and t h e  Uni ted  
S t a t e s  e a c h  c o n t r i b u t e  US $1 m i l l i o n  w h i l e  t h e  o t h e r  c o u n t r i e s  
e a c h  c o n t r i b u t e  US $160,000,  g i v i n g  u s  a  p r e s e n t  budge t  o f  a b o u t  
US 83.5 m i l l i o n  a  y e a r .  



I may ment ion  t h a t  q u i t e  r e c e n t l y  we v o t e d  f o r  a  20 p e r c e n t  
i n c r e a s e  o f  o u r  budge t .  

You may know t h a t  t h e  a c t i v i t i e s  o f  o u r  I n s t i t u t e  a r e  v e r y  
d i v e r s e  . 

A t  t h e  b e g i n n i n g  o f  1973, t h e  f i r s t  s c i e n t i s t  a r r i v e d  a t  
o u r  h e a d q u a r t e r s  and w e  s t a r t e d  on o u r  f i r s t  r e s e a r c h  p r o j e c t .  
S i n c e  t h e n  t h e  number o f  s c i e n t i s t s  a t  o u r  h e a d q u a r t e r s  h a s  been 
c o n s t a n t l y  i n c r e a s i n g  and a t  p r e s e n t  t h e r e  a r e  a b o u t  70 of  them 
working on 17 r e s e a r c h  p r o j e c t s .  T h i s  i s  a  g r e a t  advance  w i t h i n  
a  p e r i o d  o f  t h r e e  y e a r s .  A s  c a n  b e  judged by o u r  a c t i v i t i e s ,  w e  
a r e  r a p i d l y  d e v e l o p i n g  i n t o  a  m u l t i d i s c i p l i n a r y  i n s t i t u t i o n .  

Some s c e p t i c i s m  may o c c a s i o n a l l y  b e  e x p r e s s e d  a b o u t  u s  b u t  
w e  a r e  making p r o g r e s s  i n  o u r  work and development .  

I s h o u l d  l i k e  t o  t e l l  you a b o u t  a  new t r e n d  i n  t h e  a c t i v i -  
t i e s  of  o u r  I n s t i t u t e .  During t h e  t h r e e  d a y s  t h a t  t h e  Confer-  
e n c e  i s  b e i n g  h e l d  h e r e ,  w e  s h a l l  undoubted ly  l e a r n  much new and 
u s e f u l  i n f o r m a t i o n .  N e v e r t h e l e s s ,  p r a c t i c a l  s t e p s  a r e  r e q u i r e d  
t o  e n a b l e  o u r  I n s t i t u t e  t o  work a c c o r d i n g  t o  a  b road  p l a n  o f  
i n v e s t i g a t i o n  which w i l l  be  o f  b e n e f i t  t o  u s  a l l .  

To b e g i n  w i t h ,  w e  s h a l l  b e  p r i m a r i l y  concerned  w i t h  a p p l i e d  
r e s e a r c h .  F i r s t ,  t h e r e  a r e  problems of  a  g l o b a l  n a t u r e ,  which 
c a n  b e  s o l v e d  o n l y  by i n t e r n a t i o n a l  e f f o r t s .  

Secondly ,  t h e r e  a r e  problems of  a  g e n e r a l  o r  u n i v e r s a l  
n a t u r e ,  which a r e  e n c o u n t e r e d  i n  a  number of i n d i v i d u a l  c o u n t r i e s .  
The a c t i v i t i e s  o f  o u r  I n s t i t u t e  must t h e r e f o r e  b e  b o t h  g l o b a l  and 
u n i v e r s a l .  

W e  have i d e n t i f i e d  one  g l o b a l  and o n e  u n i v e r s a l  problem on 
which t o  c o n c e n t r a t e  o u r  r e s e a r c h  e f f o r t s  i n  t h e  n e a r  f u t u r e .  

A t  t h e  g l o b a l  l e v e l  w e  s h a l l  c a r r y  o u t  r e s e a r c h  a b o u t  t h e  
v a r i o u s  s e c t o r s  o f  t h e  wor ld  economy. W e  have  s t a r t e d  w i t h  t h e  
e n e r g y  s e c t o r .  T h i s  work h a s  been i n i t i a t e d  i n  t h e  F e d e r a l  
Republ ic  o f  Germany. W e  s h a l l  b e  d e a l i n g  h e r e  w i t h  t h e  whole 
sys tem of  e n e r g y  r e s o u r c e s  i n  terms of  t e c h n o l o g y ,  consumption 
and t h e i r  consequences .  

L a t e r ,  w e  s h a l l  b e  d e a l i n g  w i t h  p o p u l a t i o n ,  food r e s o u r c e s  
and consumption,  e t c .  

I n  t h e  c a s e  o f  problems of a  u n i v e r s a l  c h a r a c t e r ,  w e  s h a l l  
b e  concerned  w i t h  s p e c i f i c  b r a n c h e s  o f  t h e  economy i n  s p e c i f i c  
economic r e g i o n s ,  i n c l u d i n g  t h e  problem of  d e v e l o p i n g  new terri- 
t o r i e s  w i t h  v a s t  and v i a b l e  r e s o u r c e s .  Such a r e a s  a r e  w i t h  c o a l  
r e s o u r c e s ,  f o r  example,  t o  b e  found i n  Po land ,  a n d ,  i n  t h e  USSR, 
i n  S i b e r i a .  



One s h o u l d  n o t  c o n s i d e r  i n d u s t r i a l  o r  human r e l a t i o n s  sep-  
a r a t e l y  b u t  t h e  whole  complex n a t u r e  of  t h e s e  problems,  i n c l u d -  
i n g  t h e  m e d i c a l  a s p e c t .  T h i s  is  t h e  f i e l d  i n  which t h e  r e s e a r c h  
a c t i v i t i e s  o f  o u r  I n s t i t u t e  w i l l  be  conduc ted .  

W e  a l l o c a t e  one  q u a r t e r  o f  o u r  budge t  t o  a  g l o b a l  problem 
and o n e  q u a r t e r  t o  a  u n i v e r s a l  problem. The remainder  w i l l  be 
a l l o c a t e d  t o  t h e  s t u d y  o f  problems o f  a  more s p e c i f i c  c h a r a c t e r .  

I n  t h i s  c o n n e c t i o n ,  I would l i k e  t o  r e v e r t  t o  t h e  q u e s t i o n  
t o  which I r e f e r r e d  a t  t h e  b e g i n n i n g .  What k ind  o f  programs 
s h o u l d  o u r  I n s t i t u t e  a d o p t  i n  i t s  s t u d y  o f  t h e  energy  r e s o u r c e s  
o f  t o d a y  and tomorrow and t h e  b u i l d i n g  o f  economic models  i n  t h e  
f i e l d  o f  m e d i c i n e ,  i n c l u d i n g  c a n c e r  r e s e a r c h ?  

Many p e o p l e  t e l l  u s  t h a t  we s h o u l d  b e  concerned  w i t h  t h e  
p rob lems  o f  t h e  env i ronment ;  such a s  t h e  c o n n e c t i o n  between 
h e a l t h  and e n e r g y  r e s o u r c e s ;  b u t ,  pe rhaps  it would be more r e a -  
s o n a b l e  t o  d i r e c t  o u r  r e s e a r c h  t o w a r d s  r e g i o n a l  problems:  what 
s h o u l d  w e  be  concerned  w i t h  i n  t h e  f i e l d  o f  h e a l t h  and m e d i c i n e ?  

T h e r e  i s  a l s o  a  q u e s t i o n  o f  t h e  form o u r  a c t i v i t i e s  s h o u l d  
t a k e .  W e  c a n  c a r r y  o u t  r e s e a r c h  work i n  s e v e r a l  d i f f e r e n t  ways. 

F i r s t ,  t h e r e  a r e  i n t e r n a l  i n v e s t i g a t i o n s ,  conduc ted  w i t h i n  
o u r  I n s t i t u t e ;  $6  m i l l i o n  have been a l l o c a t e d  u n d e r  t h i s  head. 

However, t h e  s c o p e  o f  o u r  p r o j e c t s  i s  somewhat l i m i t e d .  
P r o j e c t s  w i t h  c'ommon themes on which 20 s c i e n t i s t s  might  w e l l  b e  
engaged ,  have  4 o r  5 s c i e n t i s t s  working on them a t  t h e  I n s t i t u t e .  

The second k i n d  o f  i n v e s t i g a t i o n s  is  c a r r i e d  o u t  by teams 
o f  s c i e n t i s t s ,  and w e  hope t o  o r g a n i z e  some main g r o u p s  a t  t h e  
I n s t i t u t e  s o  t h a t  t h e  s c i e n t i s t s  c o u l d  b e  a t  t h e  head o f  t h e  
r e s e a r c h  work. 

F i n a l l y ,  w e  t r y  t o  f a c i l i t a t e  r e s e a r c h  work by o r g a n i z i n g  
symposia  a t  t h e  h e a d q u a r t e r s  o f  t h e  I n s t i t u t e .  

W e  s h a l l  a d o p t  t h e  l a s t  ment ioned approach  i n  t h e  f i e l d  o f  
m e d i c i n e  and s y s t e m s  a n a l y s i s .  

Once a g a i n  I would l i k e  t o  e x p r e s s  my g r a t i t u d e  t o  you f o r  
d i s c u s s i n g  t h e s e  problems i n  o r d e r  t o  h e l p  u s  and I a l s o  wish  t o  
t h a n k  o u r  h o s t s  f o r  p r o v i d i n g  u s  w i t h  good working c o n d i t i o n s .  





Welcoming Address  o n  Beha l f  o f  IARC 

J .  Higg inson  

To b e g i n  w i t h ,  I s h o u l d  l i k e  t o  e x p r e s s  my s i n c e r e  g r a t i t u d e  
t o  t h e  o r g a n i z e r s  o f  t h e  Confe rence  f o r  h a v i n g  b r o u g h t  t o g e t h e r  
i n  t h i s  h a l l  t h e  r e p r e s e n t a t i v e s  o f  two fo rms  o f  s c i e n c e s :  I 
mean t h e  s c i e n t i s t s  who work o u t  new i d e a s  a n d ,  o n  t h e  o t h e r  hand 
m a t h e m a t i c i a n s ,  s p e c i a l i s t s  i n  p l a n n i n g  and s p e c i a l i s t s  i n  admin- 
i s t r a t i o n .  

I t h i n k  t h i s  symposium w i l l  p r o v i d e  u s  w i t h  t h e  o p p o r t u n i t y  
t o  see t o  what e x t e n t  such  a n  i n i t i a t i v e  i s  j u s t i f i e d  and l a t e r  
we s h a l l  b e  a b l e  t o  exchange  o u r  o p i n i o n s  o n  t h e  s u b j e c t .  

W e  c o n s i d e r  t h e  o r g a n i z a t i o n  o f  t h i s  c o n f e r e n c e  t i m e l y  be- 
c a u s e  it  w i l l  make o u r  t a s k s  more e x a c t  and d e f i n i t e .  

What a r e  t h e  a i m s  o f  o u r  Agency? I t  i s  a n  o r g a n i z a t i o n  
s t a n d i n g  between s c i e n t i s t s  work ing  i n  t h e  fundamenta l  s c i e n c e s  
and s c i e n t i s t s  d e a l i n g  w i t h  e s s e n t i a l  h e a l t h  p rob lems  f o r  t h e  
b e n e f i t  o f  man. 

Due t o  a  l i m i t e d  m a t e r i a l  b a s i s  and b u d g e t ,  o u r  Agency h a s  
t o  s e l e c t  i t s  a c t i v i t i e s  c a r e f u l l y .  

We have  come t o  t h e  c o n c l u s i o n  t h a t  t h e r e  is  a  number o f  
l i n e s  a l o n g  which  it i s  a d v i s a b l e  t o  c a r r y  o u t  r e s e a r c h .  These  
l i n e s  were  f i r s t  t h o r o u g h l y  s t u d i e d  by t h e  s c i e n t i f i c  c o u n c i l .  

The p roposed  program o f  p r o j e c t s  was s u b m i t t e d  t o  t h e  Gov- 
ernment  which approved  t h e s e  p l a n s .  We s h a l l  e v a l u a t e  t h e  r e -  
s u l t s  i n  o r d e r  t o  improve f u t u r e  work. We have d e c i d e d  t o  con- 
c e n t r a t e  o n  t h e  key  problem o f  t h e  p r i m a r y  p r o p h y l a x i s  o f  c a n c e r .  
T h e r e f o r e  we have  d e v i s e d  a  program c o v e r i n g  a r e a s  where  comput- 
ers c a n  be u s e d  t o  g i v e  s i g n i f i c a n t  r e s u l t s .  

U n f o r t u n a t e l y ,  d u r i n g  t h e  p r o c e s s i n g  o f  d a t a ,  we d i s c o v e r e d  
t h a t  t h e  ep idemio logy  o f  t h e  d i s e a s e  d o e s  n o t  p r o v i d e  a  s u f f i -  
c i e n t  b a s i s  f o r  t h e  s o l u t i o n  o f  t h e  problem w i t h o u t  a  s t u d y  o f  
t h e  b i o l o g y  o f  c a n c e r .  We have  t h e r e f o r e  worked o u t  a  p r o j e c t  
o n  c a n c e r  e p i d e m i o l o g y ,  s p e c i f i c a l l y  concerned  w i t h  t h e  compara- 
t i v e  a n a l y s i s  o f  d i f f e r e n t  f a c t o r s .  

One o f  o u r  programs was a  seven-year  r e s e a r c h  e f f o r t  c a r r i e d  
o u t  by e x p e r t s  i n  t h e  f i e l d .  I may add t h a t  e a r l i e r  s i m i l a r  p ro -  
grams had shown t h a t  t h e  e x p e r t s  had c o n s i s t e n t l y  f a i l e d  t o  e s t a b -  
l i s h  w h e t h e r  t h e  i n i t i a l  d a t a  f o r  t h e  problem were  p r e c i s e l y  



d e f i n e d .  Today t h e  o n l y  r a t i o n a l  approach  seems t o  b e  t h a t  an  
e v a l u a t i o n  i n  b i o l o g i c a l  t e r m s ,  which would r e s u l t  i n  r e d u c i n g  
t h e  a g e  g r o u p s  a t  r i s k  o f  c a n c e r .  Cancer  m o r b i d i t y  i n  t h e  o l d e r  
g r o u p s  w i l l  t h e n  markedly d e c r e a s e .  Exper iments  c a r r i e d  o u t  i n  
t h i s  f i e l d  show t h a t  t h e  a v e r a g e  e x p e c t a t i o n  o f  l i f e  ( 4 4  y e a r s )  
w i l l  be  i n c r e a s e d  by a t  l e a s t  11 y e a r s .  

I n f o r m a t i o n  . is  u r g e n t l y  needed on t h i s  s u b j e c t ,  p a r t i c u l a r l y  
complex i n f o r m a t i o n  which c a n  b e  used u n i v e r s a l l y .  

I t h i n k  t h a t  t h i s  Conference  should  c l e a r l y  s t a t e  t h a t  t h e  
l i s t  o f  t o p i c s  under  d i s c u s s i o n  should  b e  r e s e a r c h  o r i e n t e d ;  it 
s h o u l d  i n d i c a t e  which a r e  s u i t a b l e  f o r  immediate  s t u d y  and which 
may b e  o f  f u t u r e  u s e  and a l o n g  p r e c i s e l y  what l i n e s  t h e  work 
s h o u l d  b e  c a r r i e d  o u t .  

The impor tance  o f  t h e  c o r r e c t  e v a l u a t i o n  of i n i t i a l  d a t a  
must b e  s t r e s s e d .  

Our m a t h e m a t i c i a n s  and s t a t i s t i c i a n s  have c a r r i e d  o u t  f a i r l y  
c o m p l e t e  i n v e s t i g a t i o n s  and have e s t a b l i s h e d  good c o n t a c t s  w i t h  
WHO and r e p r e s e n t a t i v e s  o f  o t h e r  c o u n t r i e s  and o r g a n i z a t i o n s .  
W e  t h i n k  it  d e s i r a b l e  t o  a t t r a c t  a  g r e a t e r  number o f  mathemati -  
c i a n s  and s t a t i s t i c i a n s  i n  o t h e r  c o u n t r i e s  t o  u n d e r t a k e  s i m i l a r  
work and t o  r e n d e r  a s s i s t a n c e  t o  t h e  s p e c i a l i s t s .  

A t  p r e s e n t ,  work is  under  way on t h e  p r e p a r a t i o n  o f  new 
v i s u a l  a i d s ,  t o g e t h e r  w i t h  t h e  accompanying l i t e r a t u r e ,  t o  be 
completed by 1980. By t h i s  t i m e  a  number o f  t h e  c u r r e n t  v i s u a l  
a i d s  and p u b l i c a t i o n s  w i l l  have become o b s o l e t e  and w e  shou ld  
i n c r e a s i n g l y  promote work o n  t h e  p r o p h y l a x i s  o f  c a n c e r ,  which 
must b e  c a r r i e d  o u t  on a  l a r g e r  s c a l e  t h a n  p r e v i o u s l y .  

From o u r  own e x p e r i e n c e  w e  c a n  s a y  t h a t  t h e  most s e r i o u s  
problem impeding t h e  p r o g r e s s  o f  r e s e a r c h  i s  l a c k  o f  i n f o r m a t i o n  
d u e  t o  i n s u f f i c i e n t  a t t e n t i o n  t o  t h e  q u e s t i o n .  



Welcoming Address  on Behalf  o f  t h e  WHO 

Regiona l  O f f i c e  f o r  Europe 

L.  C a p r i o  

I would l i k e  t o  s a y  a  few words o n  t h e  a c t i v i t i e s  of  t h e  
WHO Regiona l  O f f i c e  f o r  Europe i n  Copenhagen where work on t h e  
stud:. o f  a p p l i e d  sys tems  a n a l y s i s  i s  performed.  

I would l i k e  t o  g i v e  you some examples  o f  t h e  work i n  which 
t h e  European Regiona l  O f f i c e  i s  engaged.  There  a r e  some programs 
p r i m a r i l y  o r i e n t e d  towards  European problems i n  e n v i r o n m e n t a l  and 
m e n t a l  h e a l t h ,  t h e  t r a i n i n g  o f  medica l  p e r s o n n e l  and h e a l t h  edu- 
c a t i o n .  We a r e  a l s o  d e a l i n g  w i t h  such  everyday  f a m i l y  problems 
a s  a b o r t i o n ,  e t c .  

Of l a t e ,  o u r  O f f i c e  h a s  p a i d  r e l a t i v e l y  l i t t l e  a t t e n t i o n  t o  
t h e  problems o f  c a n c e r  c o n t r o l  b u t  i n  o u r  n e x t  long- te rm s i x - y e a r  
program,  which w i l l  b e g i n  i n  1 9 7 8 ,  t h i s  m a t t e r  w i l l  r e c e i v e  g r e a t -  
e r  a t t e n t i o n .  D r .  Pav lov  r e c e n t l y  spoke on t h e  s u b j e c t  a t  a  meet- 
i n g  o f  t h e  c o u n t r i e s  of  t h e  Region. 

L a t e l y ,  a  number of i n t e r e s t i n g  e v e n t s  have t a k e n  p l a c e  
which have i n c r e a s e d  t h e  p o s s i b i l i t i e s  o f  WHO a c t i v i t y  on problems 
which I would c a l l  problems o f  i n t e r n a t i o n a l  u n i t y .  

You a r e  aware of  t h e  world-wide b e l i e f  t h a t  t h e  World H e a l t h  
O r g a n i z a t i o n  s h o u l d  b e  concerned  p r i m a r i l y  w i t h  t h e  problems o f  
t h e  t h i r d  w o r l d ;  w e  a l s o  s h a r e  t h i s  o p i n i o n .  W e  a r e  aware,  how- 
e v e r ,  t h a t  i n  t h e  f i e l d  o f  h e a l t h ,  we should  be  concerned  n o t  
o n l y  w i t h  t h e  h e a l t h  problems o f  t h e  t h i r d  w o r l d ,  b u t  a l s o  w i t h  
t h o s e  of  t h e  deve loped  c o u n t r i e s ,  b e c a u s e  t h e  problems which t h e  
d e v e l o p e d  c o u n t r i e s  a r e  f a c i n g  now w i l l ,  i n  t h e  n e a r  f u t u r e  be  
e n c o u n t e r e d  i n  t h e  d e v e l o p i n g  c o u n t r i e s  a s  w e l l - - I  r e f e r  t o  onco- 
l o g i c a l  p rob lems .  

One of  t h e  e v e n t s  i l l u s t r a t i n g  t h i s  approach  was t h e  d e c i -  
s i o n  t o  e s t a b l i s h  t h e  I n t e r n a t i o n a l  I n s t i t u t e  o f  Appl ied  Systems 
A n a l y s i s  a s  a n  i n s t i t u t i o n  t o  combine fundamental  and a p p l i e d  
r e s e a r c h .  T h i s  I n s t i t u t e  was o r g a n i z e d  on t h e  b a s i s  o f  m u l t i -  
l a t e r a l  c o o p e r t i o n  w i t h  o r g a n i z a t i o n s  l i k e  WHO. The f a c t  of  t h e  
m a t t e r  is  t h a t  WHO p a r t i c i p a t i o n  i n  t h e  a c t i v i t i e s  o f  a n  i n s t i -  
t u t e  o r g a n i z e d  on a  b i l a t e r a l  b a s i s  would have been i m p o s s i b l e .  

The Conference  on European S e c u r i t y  and C o o p e r a t i o n  h a s  en- 
a b l e d  i t s  p a r t i c i p a n t s  t o  p a r t i c i p a t e  more f r u i t f u l l y  i n  s c i e n -  
t i f i c  and c u l t u r a l  exchanges ,  and i n  p a r t i c u l a r  t o  d e v e l o p  and 
e x t e n d  work i n  t h e  f i e l d  o f  m e d i c a l  r e s e a r c h .  A s  f a r  back a s  



December, ou r  O f f i c e  t ook  a  d e c i s i o n  on  t h i s  q u e s t i o n  and I have 
g i v e n  i n s t r u c t i o n s  t h a t  s p e c i a l  a t t e n t i o n  i s  t o  be p a i d  t o  such  
a s p e c t s  o f  o u r  a c t i v i t i e s .  

I n  t e r m s  o f  WHO a c t i v i t i e s ,  t h e  c o o r d i n a t i o n  of  r e s e a r c h  a t  
t h e  l e v e l  of r e g i o n a l  problems w i l l  b e  d e c e n t r a l i z e d  t o  some 
e x t e n t .  

It  i s  e s s e n t i a l  t o  improve t h e  p o t e n t i a l  f o r  s c i e n t i f i c  re- 
s e a r c h  of  t h e  deve lop ing  c o u n t r i e s  i n  eve ry  p o s s i b l e  way. Never- 
t h e l e s s ,  t h a t  does  n o t  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  w i t h i n  t h e  
European Region we should  s e l e c t  a  whole r a n g e  o f  problems on 
which t h e  e f f o r t s  o f  t h e  European c o u n t r i e s  w i l l  be  c o n c e n t r a t e d .  
Tha t  i s  of  c o n s i d e r a b l e  i n t e r e s t  t o  o u r  Conference ,  because  one  
o f  t h e  i m p o r t a n t  t a s k s  of  o u r  O f f i c e  i s  o p e r a t i o n a l  r e s e a r c h ,  
e p i d e m i o l o g i c a l  s t u d i e s  and t h e  i n v e s t i g a t i o n  of  t h e  most r a t i o -  
n a l  way t o  s t r u c t u r e  h e a l t h  sys tems .  

Our d e s i r e  t o  see WHO p l a y  a  g r e a t e r  r o l e  i s  caused  by t h e  
f a c t  t h a t  h e a l t h  s e r v i c e s  a r e  concerned w i t h  t h e  e f f e c t  o f  env i -  
ronment on  h e a l t h .  A t  t h e  same t i m e ,  th rough  WHO r e s e a r c h  pro-  
grams,  we must i n v o l v e  t h e  r e p r e s e n t a t i v e s  o f  o t h e r  s c i ences - -  
mo lecu l a r  b io logy ,  s o c i a l  medic ine  and law,  p a r t i c u l a r l y  w i t h  
r e g a r d  t o  a b o r t i o n  and c o o r d i n a t e  t h e s e  programs a t  t h e  l e v e l  o f  
t h e  European Region. 

We must a l s o ,  w i t h  an  eye  t o  f u t u r e  s o c i a l  deve lopments ,  
s t u d y  t h e  c a u s e s  and consequences  of  t r a f f i c  a c c i d e n t s .  Why, 
f o r  i n s t a n c e ,  i s  road  s a f e t y  much g r e a t e r  i n  London t h a n  i n  o t h e r  
c i t i e s  w i t h  s m a l l e r  p o p u l a t i o n s ?  

It i s  n e c e s s a r y  t o  deve lop  and s t r e n g t h e n  h e a l t h  e d u c a t i o n .  
One o f  t h e  problems is smoking. We know a  g r e a t  d e a l  abou t  t h e  
problem o f  smoking b u t  s o  f a r  we have f a i l e d  t o  r educe  t h e  num- 
b e r  o f  smokers.  W e  have c a r r i e d  o u t  some i n v e s t i g a t i o n s  on 
smoking and i t s  e f f e c t s  i n  weakening t h e  human organ ism.  

We hope t o  be  a b l e  t o  deve lop  f u r t h e r  t h e  c o o r d i n a t i o n  o f  
r e s e a r c h  w i t h i n  t h e  European Region and t o  s t r e n g t h e n  t h e  c o n t a c t s  
o f  WHO w i t h  o t h e r  o r g a n i z a t i o n s .  Much a t t e n t i o n  w i l l  be g i v e n  
t o  e s t a b l i s h i n g  c o n t a c t s  w i t h  t h i r d  world c o u n t r i e s .  

I hope t h a t  my b r i e f  a d d r e s s  ha s  g i v e n  you an i d e a  o f  t h e  
R e g i o n s ' s  problems and i t s  r ange  of  i n t e r e s t s .  



Welcoming A d d r e s s  
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W e  a r e  happy t o  s e e  h e r e  s u c h  a  r e p r e s e n t a t i v e  g r o u p  of  
s c i e n t i s t s  o f  d i f f e r e n t  s p e c i a l i t i e s  f rom a  number o f  c o u n t r i e s ,  
who h a v e  g a t h e r e d  a t  t h i s  w o r k i n g  c o n f e r e n c e  o n  t h e  p r o b l e m s  o f  
s y s t e m s  a n a l y s i s  and  i t s  a p p l i c a t i o n  t o  m e d i c i n e  and  p u b l i c  
h e a l t h .  W e  t a k e  i t  a s  e v i d e n c e  o f  t h e  f a c t  t h a t  s y s t e m s  a p p r o a c h  
and s y s t e m s  a n a l y s i s ,  dynamic  m a t h e m a t i c a l  m o d e l i n g  t o d a y  h a v e  
b e e n  r e c o g n i z e d ,  a s  n e v e r  b e f o r e ,  a s  i m p o r t a n t  c o n c e p t s  f o r  t h e  
u n d e r s t a n d i n g  and s o l v i n g  o f  a  number o f  c o m p l i c a t e d  b i o l o g i c a l ,  
m e d i c a l  a n d  m e d i c o - s o c i a l  p r o b l e m s  a t  many d i f f e r e n t  l e v e l s ,  f rom 
m o l e c u l a r  t o  i n t e r n a t i o n a l  and  g l o b a l .  

S i n c e  w e  a r e  h e r e  a s  p a r t  o f  a  b i o m e d i c a l  IIASA p r o j e c t  we 
may r e c a l l ,  w i t h ,  I hope ,  a  p a r d o n a b l e  p r i d e ,  t h a t  it was i n  b i -  
o l o g y  and  m e d i c i n e  t h a t  t h e  s y s t e m a t i c  p e r c e p t i o n  o f  t h e  e n v i -  
ronment  and  l i v i n g  o r g a n i s m s  f i r s t  came i n t o  e x i s t e n c e  a n d  t h e  
f i r s t  t e r m s  and  c o n c e p t s  emerged;  I s h a l l  n o t  e n u m e r a t e  them-- 
t h e y  l a t e r  became t h e  p r o p e r t y  o f  a  number o f  s c i e n c e s - - b o t h  n a t -  
u r a l  s c i e n c e s  and  s o c i o l o g y ,  economics  and o t h e r s .  

I t  i s  i n  m e d i c i n e  a n d  b i o l o g y  t h a t  t h e  c o n c e p t s  o f  complex 
i n t e g r a l  and  f u n c t i o n a l  s y s t e m s  merge  t o  t h e  g r e a t e s t  e x t e n t ,  
w h e r e a s  i n  p u b l i c  h e a l t h ,  t h e  b i o l o g i c a l  and  s o c i a l  me thods  o f  
s y s t e m s  a p p r o a c h  and  a n a l y s i s  merge .  

I may p o i n t  o u t  t h a t  d i f f e r e n t  p a t h s  a n d  d i f f e r e n t  s p e c i a l -  
i t i e s  and  p r o b l e m s  h a v e  b r o u g h t  u s  t o  t h i s  C o n f e r e n c e ,  b u t  o u r  
m e e t i n g  h e r e  u n d e r  t h e  a u s p i c e s  o f  t h r e e  g r e a t  o r g a n i z a t i o n s - -  
WHO, IIASA a n d  M i n i s t r y  o f  H e a l t h  o f  t h e  USSR--is q u i t e  n a t u r a l  
a n d  j u s t i f i e d .  

IIASA h a s  h e l d  a  number o f  m e e t i n g s  and c o n f e r e n c e s ,  i n c l u d -  
i n g  o n e  a t  Baden i n  1 9 7 4  on  t h e  s y s t e m s  a s p e c t s  of  p u b l i c  h e a l t h  
p l a n n i n g .  The s c i e n t i s t s  engaged  on  t h e  b i o m e d i c a l  p r o j e c t  had  
u n d e r t a k e n  a number o f  s p e c i f i c ,  a l t h o u g h  i n t e r e s t i n g ,  s t u d i e s  
on  t r a f f i c  a c c i d e n t s ,  c e r v i c a l  c a n c e r  s c r e e n i n g ,  k i d n e y  i n s u f f i -  
c i e n c y  s t a t i s t i c s ,  a s s i s t a n c e  t o  p e o p l e  w i t h  d e f e c t i v e  v i s i o n  and  
s o  o n ,  b u t  g r a d u a l l y  t h e y  h a v e  b e e n  f o r c e d  t o  a d m i t  t h e  n e c e s s i t y  
o f  c o n c e n t r a t i n g  t h e i r  e f f o r t s  o n  t h e  most  c o m p l i c a t e d  b u t  u n i -  
v e r s a l l y  i m p o r t a n t  p rob lems- - sys tems  a n a l y s i s  o f  t h e  p u b l i c  h e a l t h  
s y s t e m  p e r  se and  o f  m e d i c a l  s c i e n c e .  

One c a n n o t  h e l p  n o t i c i n g  t h a t  i t  h a s  t a k e n  a  l o n g  t i m e  t o  
r e a c h  t h i s  c o n c l u s i o n  and  a s  t h e  l e a d e r  o f  t h e  p r o j e c t ,  a l t h o u g h  
v i r t u a l l y  a n  " e x t r a - m u r a l "  o n e ,  I must  t a k e  t h e  b lame upon my- 
s e l f .  N e v e r t h e l e s s ,  t h i s  a s p e c t  h a s  b e e n  c o v e r e d  t o  a  c o n s i d e r a b l e  



e x t e n t  t h a n k s  t o  t h e  i n e x h a u s t i b l e  e n e r g y  of  Alexandre  K i s e l e v ,  
whom you a l l  know, and t h e  u n d e r s t a n d i n g  shown by Howard R a i f f a  
and Roger Lev ien .  

T h i s  C o n f e r e n c e ,  however u n o f f i c i a l  i n  c h a r a c t e r ,  s h o u l d  
p r o v i d e  t h e  answers  t o  many i m p o r t a n t  q u e s t i o n s .  The main ques-  
t i o n  is  whether  t h e  members of  t h e  medica l  p r o f e s s i o n ,  h e a l t h  
a d m i n i s t r a t o r s ,  o n c o l o g i s t s ,  s y s t e m s  t e c h n o l o g i s t s  and mathema- 
t i c i a n s  a r e  a b l e  t o  make an e s s e n t i a l  and new c o n t r i b u t i o n  i n  
t h i s  f i e l d .  

I n  t h e  c o u r s e  o f  t h e  C o n f e r e n c e  we s h a l l  have a  f r a n k  d i s -  
c u s s i o n  o f  o u r  problems and w e  s h a l l  l i s t e n  t o  a  number of i n t e r -  
e s t i n g  s c i e n t i f i c  p r e s e n t a t i o n s .  I would l i k e ,  however,  t o  draw 
your  a t t e n t i o n  t o  t h e  two main r e p o r t s  t o  be  p r e s e n t e d ,  which 
were p r e p a r e d  by a  g r o u p  o f  S o v i e t  s p e c i a l i s t s  a s  a  p o s s i b l e  
b a s i s ,  o r  s u g g e s t i o n s  t o w a r d s  a  b a s i s ,  f o r  t h e  IIASA Biomedica l  
P r o j e c t .  

I r e f e r  t o  t h e  r e p o r t s  on sys tems  mode l ing  of  p u b l i c  h e a l t h  
and t h e  i n f o r m a t i o n a l  b a s i s  of t h e  long-term i n t e r n a t i o n a l  onco- 
l o g i c a l  program which t h e  WHO h a s  adopted  t h e  d e c i s i o n  t o  imple-  
ment.  

These  r e p o r t s  w i l l  be s u b m i t t e d  by P r o f e s s o r  K i s e l e v ,  D r .  
K lement iev ,  D r .  Klimenkov, D r .  Olshansky and by P r o f e s s o r  
P e t r o v s k y .  I have been a d v i s e d  t h a t  i n  some s e c t i o n s  of  t h e  
r e p o r t s  t h e  t e x t  no l o n g e r  r e f l e c t s  t h e  p r o g r e s s  t h a t  had been 
made, b u t  w e  a s k  your  i n d u l g e n c e .  

As f a r  a s  t h e  dynamic h e a l t h  model a s  a  s o c i a l  sys tem is 
c o n c e r n e d ,  it i s  p r i n c i p a l l y  based  on t h o s e  t e r m s  and c o n c e p t s  
which have been  r e p e a t e d l y  d i s c u s s e d  a t  WHO and a r e  a c c e p t e d  
e i t h e r  o f f i c i a l l y  o r  a s  work ing  t e r m s ;  t h e y  were a l s o  t h e  sub- 
j e c t  of d i s c u s s i o n  a t  t h e  IIASA Biomedica l  Conference  i n  August 
1 9 7 4 .  P u b l i c  h e a l t h  i s  r e g a r d e d  a s  a  dynamic s o c i a l  s y s t e m  i n -  
c l u d i n g  a s  a n  i n t e g r a l  p a r t  t h e  deve lopment  of m e d i c a l  s c i e n c e  
a s  t h e  b a s i s  on which s c i e n t i f i c  knowledge c a n  be  a p p l i e d  t o  t h e  
p r o p h y l a x i s  and t r e a t m e n t  of  d i s e a s e .  

The p r i m a r y  aim o f  such  a  sys tem is  t o  p r o t e c t  t h e  h e a l t h  
o f  t h e  p o p u l a t i o n .  I t  h a s  t h r e e  t a s k s :  s c i e n c e ,  p r o p h y l a x i s  
and t r e a t m e n t ,  and t h e s e  c a n  b e  s u c c e s s f u l l y  t a c k l e d  o n l y  i f  
t h e r e  i s  a  r a p i d l y  d e v e l o p i n g  economy and s u f f i c i e n t  manpower. 

There  a r e  u n i v e r s a l  problems of h e a l t h  and u n i v e r s a l  modern 
c o n d i t i o n s  of  p u b l i c  h e a l t h  f u n c t i o n i n g .  

I n  a l m o s t  a l l  c o u n t r i e s ,  t h e  p u b l i c  h e a l t h  sys tem i s  o p e r a -  
t i n g  under  , c o n d i t i o n s  o f  r a p i d l y  changing  e x t e r n a l  f a c t o r s .  They 
i n c l u d e  p r o g r e s s  i n  economy and a g r i c u l t u r e ,  i n t e n s i f i c a t i o n  o f  
a l l  t h e  p r o c e s s e s  o f  u r b a n i z a t i o n ,  p o p u l a t i o n  growth,  e n v i r o n -  
m e n t a l  p o l l u t i o n  and demographic  s h i f t s .  



There a r e  i n t e r n a l  f a c t o r s  a s  w e l l ,  which a r e  a l s o  v i r t u a l l y  
u n i v e r s a l .  These a r e  r a p i d  p rog re s s  i n  b iomedica l  s c i e n c e  and 
i t s  i n c r e a s i n g  c o s t ,  c o n t r o l  of  epidemics caused by t r a n s p o r t  
problems, i n c r e a s i n g  c o s t  of medical  s e r v i c e s ,  l a c k  of  medical  
pe r sonne l  and uneven d i s t r i b u t i o n  o f  medical  s e r v i c e s .  

There a r e  a l s o  g l o b a l  problems s t a r t i n g  wi th  t h e  q u e s t i o n  
o f  i n t e r n a t i o n a l  c o o r d i n a t i o n  of  medical  s c i e n c e ;  i n  a d d i t i o n  t o  
s t u d i e s  on c a r d i o - v a s c u l a r ,  ontological and o t h e r  d i s e a s e s  and 
p r o t e c t i o n  of  t h e  environment ,  it a l s o  i n c l u d e s  e f f e c t i v e  a s s i s -  
t a n c e  t o  p u b l i c  h e a l t h  i n  t h e  developing  c o u n t r i e s .  F i n a l l y ,  
t h e r e  a r e  q u e s t i o n s  of popu la t i on  dynamics, r e s o u r c e s  and n u t r i -  
t i o n .  

The a p p l i c a t i o n  of systems a n a l y s i s  and computers t o  p u b l i c  
h e a l t h  and medicine has  by now acqu i r ed  g r e a t  importance ( s e e  
F i g u r e  1 ) . 

A dynamic h e a l t h  model is  of  c o n s i d e r a b l e  i n t e r e s t  t o  a l l .  
We cannot  s o l v e  a  number of u rgen t  problems wi thou t  it .  

Today, t h e  c o r r e c t  development of s c i e n c e  is  p o s s i b l e  on ly  
on an i n t e r n a t i o n a l  b a s i s .  But p rog re s s  of s c i e n c e  i s  impeded 
by a number of f a c t o r s  a f f e c t i n g  i n t e r n a t i o n a l  c o o r d i n a t i o n ,  
namely, t h e  r a p i d  development o f  d i f f e r e n t  branches  of  s c i e n c e  
i n  d i f f e r e n t  c o u n t r i e s ,  w i th  medicine developing  a t  a  d i f f e r e n t  
r a t e  from t h e  o t h e r s .  
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Figure 1. Uses of systems modeling in public health. 



However, o u r  g r e a t e s t  hand i cap  i s  t h e  i n a d e q u a t e  p r o v i s i o n  
of  i n f o r m a t i o n  which it i s  d i f f i c u l t  t o  poo l  owing t o  t h e  v a r i -  
e t y  o f  i n f o r m a t i o n  systems i n  u s e  i n  t h e  wor ld .  

The second  g r e a t  o b s t a c l e  i s  d i f f e r i n g  methodology, u s i n g  
d i f f e r e n t  t e rms ,  d i f f e r e n t  c r i t e r i a  f o r  e v a l u a t i o n  and d i f f e r e n t  
d i a g n o s t i c s .  A l l  t h e s e  o b s t a c l e s  must be overcome. 

The t h i r d  o b s t a c l e  is  s o c i a l  and e t h i c a l  which is  n o t  s o  
ea sy  t o  overcome. We must s o l v e  t h e  problem of t h e i r  e f f e c t  on 
man and h i s  s c i e n t i f i c  d e s t i n y .  Today s c i e n c e  i n  a l l  c o u n t r i e s  
i s  c o n c e n t r a t i n g  on t h e  s o l u t i o n  of  t h e  main problems,  which a r e  
impor t an t  t o  everyone ,  such a s  c a r d i o - v a s c u l a r  d i s e a s e s ,  c a n c e r ,  
v i r a l  i n f e c t i o n s  and t h e  e f f e c t  o f  e n d o c r i n e  f a c t o r s  and of  t h e  
environment .  

F i r s t  o f  a l l ,  methods o f  s c i e n t i f i c  i n f o r m a t i o n  must be made 
a c c e s s i b l e  t o  a l l  t h o s e  i n t e r e s t e d .  To t h i s  end ,  we s u g g e s t  a n  
i n f o r m a t i o n  sys tem which i s  used i n  t h e  USSR. I t  d i f f e r s  some- 
what from t h e  c u r r e n t  i n t e r n a t i o n a l  sys tem,  b u t  i n  ou r  o p i n i o n ,  
it i s  conven i en t  and e a s y  and can  be accep t ed  by s c i e n t i f i c  
workers  a s  a  b a s i s  f o r  p l ann ing  and r e s e a r c h .  

It  p r o v i d e s  t h e  s t a t e  w i t h  t h e  n e c e s s a r y  i n fo rma t ion  t o  
de t e rmine  i t s  p o l i c y  f o r  s c i e n t i f i c  development  and d e c i d e  where 
e f f o r t s  should  be c o n c e n t r a t e d .  W e  unde r s t and  t h a t  a t  p r e s e n t  
t h e r e  a r e  no e f f e c t i v e  i n t e r n a t i o n a l  methods which would e n a b l e  
u s  t o  combine o u r  e f f o r t s  and o b t a i n  advance i n fo rma t ion  i n  
o r d e r  t o  e l a b o r a t e  i n t e r n a t i o n a l  i n fo rma t ion .  A f e a t u r e  o f  o u r  
system i s  t h a t  f o r  t h e  f i r s t  t i m e  an  o p p o r t u n i t y  ha s  been pro-  
v ided  t o  combine t h e  e f f o r t s  of medica l  s c i e n t i s t s  and mathe- 
m a t i c i a n s  t h e r e b y  making it p o s s i b l e  t o  p r e d i c t  t h e  d i r e c t i o n s  
i n  which s c i e n c e  i s  l i k e l y  t o  deve lop  and ,  t o  e s t a b l i s h  p r i o r -  
i t i e s .  Th i s  ha s  become p o s s i b l e  i n  t h e  c o u r s e  of  implementing 
l a r g e - s c a l e  i n t e r n a t i o n a l  and n a t i o n a l  programs on oncology.  
No such  p o s s i b i l i t y  e x i s t e d  t h r e e  t o  f o u r  y e a r s  ago.  

T h e i r  programming methods and sys tems  w e r e  i n t r o d u c e d  and 
l a r g e  i n f o r m a t i o n  c e n t e r s  were e s t a b l i s h e d  t o  p r o v i d e  t h e  d a t a  
r e q u i r e d .  I f  t h e s e  i d e a s  a r e  ag r eed  upon, t h e y  can  be used 
u n i v e r s a l l y .  W e  s h a l l  be  a b l e  t o  speak  i n  t e r m s  o f  i n t e r n a t i o n a l  
h e a l t h  sys tems  and c r e a t e  t h e  f i r s t  i n t e r n a t i o n a l  programs con- 
c e n t r a t i n g  o u r  e f f o r t s  on t h e  d i s e a s e s  and a long  t h o s e  l i n e s  
which a r e  o f  p r imary  impor tance  t o  u s .  



Systems Approach t o  Dec i s i on  Making i n  

t h e  O r g a n i z a t i o n a l  Systems 

A.M. Pe t rovsky  

Systems a n a l y s i s  i n  h e a l t h  h a s  been s t u d i e d  a t  t h e  I n s t i t u t e  
f o r  C o n t r o l  Sc i ences  i n  t h e  f o u r  c o n s e c u t i v e  s t a g e s  which c o r r e -  
spond g e n e r a l l y  t o  t h e  methodology of  sys tems  approach .  The 
f i r s t  s t a g e  i s  t h a t  o f  component a n a l y s i s ;  a t  t h i s  s t a g e  t h e  
p r o p e r t i e s  o f  t h e  e l emen t s  compr i s ing  t h e  system a r e  s t u d i e d .  

The second s t a g e  i s  concerned w i t h  t h e  s t u d y  o f  t h e  k i n d s  
o f  a c t i v i t y  o f  t h e  e l emen t s  compr i s i ng  t h e  sys tem.  I n  o t h e r  
words,  t h e  f u n c t i o n a l  a n a l y s i s  o f  t h e  system i s  c a r r i e d  o u t  a t  
t h i s  s t a g e .  

The t h i r d  s t a g e  i s  t h e  s t r u c t u r a l  a n a l y s i s  o f  t h e  sys tem,  
i .e .  t h e  s t u d y  o f  t h e  r u l e s  r e g u l a t i n g  t h e  c o n n e c t i o n s  between 
t h e  e l emen t s  of  t h e  system. 

The f o u r t h  and f i n a l  s t a g e  i s  t h a t  o f  i n t e g r a t i v e  a n a l y s i s .  
The e s s e n c e  of  t h i s  s t a g e  is  t o  s t u d y  t h e  system of  e l emen t s  a s  
a n  i n t e g r a l  whole,  i n  o t h e r  words, t o  d e t e r m i n e  t h e  e s s e n t i a l  
t h i n g s  t h a t  d i f f e r e n t i a t e  t h e  sys tem from a  s imp le  a g g r e g a t i o n  
o f  e l emen t s .  

T h i s  method of  s t u d y i n g  a  f a i r l y  comp l i ca t ed  s u b j e c t ,  by 
means o f  s t a g e s  by a p p l y i n g  sys tems  a n a l y s i s  t o  p u b l i c  h e a l t h  
a s  a  non-produc t ive  s e c t o r  o f  t h e  economy, h a s  enab l ed  u s  t o  
d i s t i n g u i s h  t h r e e  main problems i n  t h e  c r e a t i o n  o f  a  dynamic 
model o f  t h e  system. 

The f i r s t  problem r e l a t e s  t o  t h e  s t u d y  o f  t h e  i n f o r m a t i o n  
b a s i s  r e q u i r e d  f o r  t h e  p r a c t i c a l  f u n c t i o n i n g  of  a  dynamic s y s -  
t e m .  I t  i s  w e l l  known t h a t  t h e  forms of  r e p o r t i n g  c u r r e n t l y  
employed i n  p u b l i c  h e a l t h  and t h e  s t a t i s t i c a l  d a t a  t o  be r e p o r t -  
e d  a r e  i ncomple t e  and v a r y  g r e a t l y .  D i r e c t  u s e  o f  t h e s e  d a t a  i n  
a  dynamic model t u r n s  o u t  t o  be  d i f f i c u l t .  

The re  a r e  two a l t e r n a t i v e  methods of  s o l v i n g  t h i s  problem: 

- The method based  on a  q u a l i t a t i v e  d e s c r i p t i o n  of  t h e  
c a u s e  and e f f e c t  r e l a t i o n s h i p  t o  d e f i n e  t h e  f u n c t i o n i n g  
o f  t h e  model.  T h i s  k ind  o f  v e r b a l  d e f i n i t i o n  may be 
o b t a i n e d  r e l a t i v e l y  s imp ly  from t h e  e x i s t i n g  s t a t i s t i c a l  
d a t a  and forms o f  r e p o r t i n g .  



I f  t h i s  method is a d o p t e d ,  t h e  model i t s e l f  is b u i l t  i n  
t h e  form o f  a  m a t r i x  o f  t h e  c a u s e  and e f f e c t  r e l a t i o n -  
s h i p s ,  t h e  s i z e  o f  which i s  t h e  o b j e c t  o f  management. 
N a t u r a l l y ,  such  a  model w i l l  b e  a p p r o x i m a t e ,  b u t  t h i s  
s h o u l d  be r e g a r d e d  a s  a  p o s i t i v e  r a t h e r  t h a n  n e g a t i v e  
q u a l i t y  o f  a  model.  

I f  no a t t e m p t  is  made t o  modify t h e  d a t a  bank o n  which 
t h e  model i s  b a s e d ,  o n e  c a n n o t  e x p e c t  i t  t o  e x h i b i t  
h i g h  q u a n t i t a t i v e  e f f i c i e n c y  i n  view o f  d i s a d v a n t a g e s  
o f  t h i s  p a r t i c u l a r  bank,  which have been  ment ioned above.  

- The method based on t h e  d e s c r i p t i o n  o f  t h e  f u n c t i o n i n g  
o f  t h e  model by means o f  a l g e b r a i c  and d i f f e r e n t i a l  
e q u a t i o n s .  T h i s  k i n d  o f  model c a n  p r o v i d e  more d e f i n i t e  
q u a n t i t a t i v e  r e s u l t s ;  however,  i n  o r d e r  t o  make it func-  
t i o n ,  it i s  n e c e s s a r y  t o  o b t a i n  much f u l l e r  i n i t i a l  d a t a  
t h a n  i s  r e q u i r e d  i f  t h e  f i r s t  method is a d o p t e d .  

It  i s  n o t  y e t  c l e a r  whether  r e s e a r c h e r s  would p r e f e r  one  o f  
t h e s e  methods o r  would u s e  b o t h .  

The second problem r e l a t e s  t o  t e s t i n g  o u t  t h e  model. T h i s  
i s  a  m a t t e r  o f  hav ing  c o n f i d e n c e  t h a t  t h e  p e r s o n  r e s p o n s i b l e  f o r  
d e c i s i o n  making w i l l  engage i n  a  d i a l o g u e  w i t h  t h e  model on i t s  
own t e r m s .  W e  t h i n k  t h i s  problem i s  o f  g r e a t  impor tance  a s  i t  
p o s e s  a  number of  p s y c h o l o g i c a l  q u e s t i o n s ;  f o r  i n s t a n c e ,  t h a t  o f  
t h e  s u b j e c t i v e  r e s p o n s i b i l i t y  o f  p e o p l e  making h i g h - l e v e l  d e c i -  
s i o n s .  T h i s  problem,  l i k e  t h e  f i r s t  problem,  is  a t  t h e  s t a g e  o f  
i t s  i n i t i a l  development .  

The t h i r d  problem r e l a t e s  t o  t h e  e l a b o r a t i o n  o f  a d e q u a t e  
l a n g u a g e s  t o  d e s c r i b e  c o m p l i c a t e d  sys tems .  C o n t r a d i c t o r y  demands 
a r e  made on t h e s e  l a n g u a g e s :  o n  t h e  o n e  hand t h e y  must b e  a c c e p t -  
a b l e  i n  t e r m s  of  t h e  t r a d i t i o n a l  management o f  c o m p l i c a t e d  o r g a n i -  
z a t i o n a l  s y s t e m s ,  i . e .  t h e y  have  t o  b e  r e l a t i v e l y  s i m p l e  f o r  t h e  
u s e r - - t h e  d e c i s l o n  maker.  on t h e  o t h e r  hand ,  t h e s e  l a n g u a g e s  
s h o u l d  b e  s u f f i c i e n t l y  p e r f e c t e d  t o  p e r m i t  e f f e c t i v e  man-machine 
d i a l o g u e  i n  r e a l  t i m e .  We have  s t u d i e d  t h i s  problem f a i r l y  
t h o r o u g h l y  and t h e  r e s u l t s  o f  o u r  i n v e s t i g a t i o n s  have a l r e a d y  
been s u c c e s s f u l l y  a p p l i e d  i n  b u i l d i n g  o n e  o f  t h e  model v a r i a n t s .  
The deve lopment  o f  a  dynamic h e a l t h  c a r e  model is b e i n g  c a r r i e d  
o u t  w i t h  d u e  r e g a r d  f o r  t h e  above ment ioned f a c t o r s  and w i t h  two 
main o b j e c t i v e s :  

- Development of  a  model a s  a n  a p p a r a t u s  f o r  making manage- 
ment d e c i s i o n s  i n  p u b l i c  h e a l t h .  T h i s  means s p e c i f i c a l l y  
d e c i s i o n  making a b o u t  t h e  a l l o c a t i o n  o f  l i m i t e d  r e s o u r c e s  
between d i f f e r e n t  s e r v i c e s - - f o r  example,  between preven-  
t i o n  and t r e a t m e n t - - a b o u t  manpower t r a i n i n g  and t h e  
o r g a n i z a t i o n  o f  l a r g e - s c a l e  r e s e a r c h ,  e t c .  

- Development of  a  model a s  a  l i n k  i n  a  c h a i n  o f  s y s t e m s ,  
t h e  f u n c t i o n i n g  of which l a r g e l y  depends  on t h e  func-  
t i o n i n g  o f  t h e  sys tem i n  q u e s t i o n .  Thus, t h e  p u b l i c  



h e a l t h  sys tem i s  h e a v i l y  dependent  on t h e  system o f  
environment  p r o t e c t i o n ,  t h e  system o f  d i s t r i b u t i o n  o f  
energy  r e s o u r c e s ,  t h e  sys tem of  u rban  development ,  e tc.  
The q u a n t i t a t i v e  c h a r a c t e r i s t i c s  o f  t h e s e  c o n n e c t i o n s ,  
and o f t e n  t h e i r  q u a l i t a t i v e  a s p e c t s ,  c a n  be d e f i n e d  o n l y  
t h rough  dynamic models o f  t h e  e x i s t i n g  sys tems .  An 
e s s e n t i a l  p r e r e q u i s i t e  i s  a  un i form methodology f o r  
b u i l d i n g  models f o r  t h e  d i f f e r e n t  sys tems .  I n  o u r  op in -  
i o n ,  t h e  e s s e n t i a l  purpose  o f  t h i s  methodology i s  t o  
d e a l  w i t h  p r a c t i c a l  i s s u e s - - t h e  s u b s t a n c e  o f  which i s  
con t a ined  i n  t h e  t h r e e  problems d e s c r i b e d  above.  

A few remarks shou ld  be added i n  connec t i on  w i t h  t h e  orga-  
n i z a t i o n  o f  l a r g e - s c a l e  r e s e a r c h  work. P r o g r e s s  i n  p u b l i c  h e a l t h  
and medic ine  i s  l a r g e l y  dependent  on t h e  p r o g r e s s  o f  medica l  
s c i e n c e .  We have s e l e c t e d  t h e  i n t e r n a t i o n a l  r e s e a r c h  f o r  c ance r  
c o n t r o l  a s  a  s u b j e c t  f o r  sys tems  a n a l y s i s  a s  a p p l i e d  t o  t h e  prob- 
l e m  of o r g a n i z a t i o n .  A s p e c i f i c  f e a t u r e  o f  t h i s  program i s  t h e  
g r e a t  number of p a r t i c i p a n t s  w i t h  d i f f e r e n t  s c i e n t i f i c  p o t e n t i a l  
and o f  s c i e n t i f i c  problems and s u b j e c t s  o f  i n v e s t i g a t i o n .  I n  
c a n c e r  r e s e a r c h ,  f l ows  o f  i n f o r m a t i o n  which w e r e  l a r g e l y  p r e -  
de t e rmined  make t h e i r  appearance ,  f o c a l  p o i n t s  of s c i e n t i f i c  
i n t e r e s t  come and go  and o t h e r  p rocedu re s  a r e  fo l lowed which i n  
some c a s e s  r e s u l t  i n  a  d e l a y  i n  t h e  t i m e l y  exchange of s c i e n t i f i c  
i n f o r m a t i o n  o r  d i f f i c u l t i e s  w i t h  r e g a r d  t o  f o r e c a s t i n g  and re- 
s e a r c h  p l ann ing .  The sys tems  approach i n  t h i s  f i e l d  i s  based on 
t h e  mathematic  a p p a r a t u s  o f  s t r u c t u r a l  a n a l y s i s  and expe r imen t a l  
g r aphs  e l a b o r a t e d  a t  t h e  I n s t i t u t e  f o r  Con t ro l  S c i e n c e s .  

The f o l l o w i n g  working p rocedu re s  a r e  used i n  c a r r y i n g  o u t  
t h e s e  i n v e s t i g a t i o n s :  

- moni to r i ng  t h e  e x i s t i n g  i n f o r m a t i o n  s t r u c t u r e  based on 
q u e s t i o n n a i r e s  drawn up by competent  and h i g h l y  q u a l i -  
f i e d  s p e c i a l i s t s ;  

- a n a l y s i s  o f  r e f e r e n c e s  i n  s c i e n t i f i c  p u b l i c H t i o n s  i n  t h e  
f i e l d  o f  oncology.  

Both t h e s e  procedures  r e q u i r e  t h e  u s e  of l a r g e  c a p a c i t y  
computers  a t  t h e  f i n a l  s t a g e s  o f  d a t a  p r o c e s s i n g  (ICL-470 com- 
p u t e r ) .  
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A Hea l t h  Ca re  Macro-Model 

A.S. K i s e l e v  

I n  many c o u n t r i e s  medica l  i n f o r m a t i o n  sys tems  have been 
deve loped  i n c l u d i n g  mathemat ica l  models o f  s u b j e c t s  a t  t h e  l e v e l  
o f  i n d i v i d u a l  u n i t s  o r  s m a l l  r e g i o n s .  Accumulated e x p e r i e n c e  
h a s  made it p o s s i b l e  i n  some c o u n t r i e s  t o  s t a r t  t h e  development  
o f  more complex med ica l  i n f o r m a t i o n  sys tems  and macro-models a t  
t h e  n a t i o n a l  l e v e l  o r  a t  t h e  l e v e l  o f  l a r g e  r e g i o n s .  Such 
s t u d i e s  a r e  be ing  c a r r i e d  o u t  i n  t h e  USSR, i n  some s o c i a l i s t  
c o u n t r i e s  and i n  Canada, Japan ,  Sweden, and o t h e r  c o u n t r i e s .  

Development o f  a  p u b l i c  h e a l t h  c a r e  model a t  t h e  n a t i o n a l  
l e v e l  is  a n  enormous t a s k  bo th  by r e a s o n  of  i t s  complex i t y  and 
i n  o r g a n i z a t i o n a l  t e r m s .  It w i l l  t a k e  many y e a r s  and t h e  com- 
b ined  e f f o r t s  o f  s c i e n t i s t s  from v a r i o u s  c o u n t r i e s .  

Each l a t e r  v e r s i o n  w i l l  g i v e  a  more a c c u r a t e  d e s c r i p t i o n  
of  t h e  behav io r  o f  t h e  system be ing  s i m u l a t e d .  It i s  l i k e l y  
t h a t  a  whole f a m i l y  o f  macro-models w i l l  appea r  which w i l l  be  
o f  a  more o r  less s p e c i a l i z e d  c h a r a c t e r .  These models w i l l  b e  
u sed  t o  i n c r e a s e  t h e  e f f i c i e n c y  o f  medica l  c a r e ,  t o  c o n t r o l  t h e  
s t r u c t u r e  and  f u n c t i o n s  of  t h e  p u b l i c  h e a l t h  sys tem,  t o  make 
h e a l t h  c a r e  cheape r ,  and t o  improve p u b l i c  h e a l t h  management. 

The p u b l i c  h e a l t h  c a r e  sy s t ems  of  v a r i o u s  c o u n t r i e s  i s  a  
c o n v e n i e n t  s u b j e c t  f o r  a p p l i e d  sys tems  a n a l y s i s  owing t o  i t s  
c l e a r - c u t  s t r u c t u r e ,  we l l - de f i ned  f u n c t i o n s ,  and s o c i a l  s i g n i f -  
i c a n c e .  

The a n a l y s i s  o f  t h e  p u b l i c  h e a l t h  c a r e  system shou ld  be  
comprehensive and t a k e  i n t o  accoun t  i t s  dynamic p r o p e r t i e s .  
Hence, t h e  p u b l i c  h e a l t h  c a r e  model shou ld  be dynamic i n  c h a r -  
a c t e r .  

The p u b l i c  h e a l t h  c a r e  sys tem i s  n o t  an i s o l a t e d  e n t i t y ;  
it forms a  p a r t  o f  a  sys tem r a n k i n g  h ighe r  i n  t h e  n a t i o n a l  
h i e r a r c h y .  

The o u t s i d e  world e x e r t s  v a r i o u s  e f f e c t s  on t h e  p u b l i c  
h e a l t h  sys tem.  Hence, t h e  dynamic model o f  p u b l i c  h e a l t h  c a r e  
shou ld  i n c l u d e  a  number o f  e x t e r n a l  b locks  such  a s  demographic  
and economic f a c t o r s ,  g e o g r a p h i c a l  c o n d i t i o n s ,  env i ronmen ta l  
p o l l u t i o n  f a c t o r s ,  e t c .  



I n  d e v e l o p i n g  a  p u b l i c  h e a l t h  c a r e  model,  t h e  f i r s t  q u e s t i o n  
is  whether  t h e  methodology o f  macro-model development  i s  u n i v e r s a l  
o r  whe ther  t h e r e  i s  a  s p e c i f i c  methodology f o r  e a c h  c o u n t r y .  I f  
t h e  methodology i s  u n i v e r s a l ,  t h e r e  a r e  good p r o s p e c t s  f o r  i n t e r -  
n a t i o n a l  c o o p e r a t i o n  i n  d e v e l o p i n g  it. 

P u b l i c  h e a l t h  c a r e  s y s t e m s  i n  c o u n t r i e s  w i t h  d i f f e r e n t  
socio-economic c o n d i t i o n s  may have  d i f f e r e n t  f e a t u r e s .  The d i f -  
f e r e n c e s  may b e  d u e ,  p r i m a r i l y ,  t o  d i f f e r e n c e s  i n  t h e  c o n c e p t  
o f  p u b l i c  h e a l t h  management, i n  t h e  e s t a b l i s h m e n t  of t h e  o b j e c -  
t i v e s  o f  t h e  h e a l t h  c a r e  s e r v i c e s ,  and i n  t h e  ways i n  which t h e  
p u b l i c  h e a l t h  r e s o u r c e s  a r e  p r o v i d e d .  F o r  example,  i n  c o u n t r i e s  
w i t h  c e n t r a l i z e d  p u b l i c  h e a l t h  management, r e s o u r c e s  a r e  appro-  
p r i a t e d  from t h e  n a t i o n a l  budge t .  I n  o t h e r  c o u n t r i e s ,  r e s o u r c e s  
a r e  p r o v i d e d  by a  sys tem of  m e d i c a l  i n s u r a n c e  o r  by c o n t r i b u t i o n s  
from p a t i e n t s  o r  by v a r i o u s  c o m b i n a t i o n s  o f  t h e  above sys tems .  

However, t h e r e  a r e  undoubted ly  a  number o f  g e n e r a l  c h a r -  
a c t e r i s t i c s  which a r e  t y p i c a l  of t h e  p u b l i c  h e a l t h  sys tem a s  a  
whole ,  i r r e s p e c t i v e  o f  c o u n t r y .  The f o l l o w i n g  may be ment ioned:  
t h e  dependence o f  m o r b i d i t y  on t h e  p a r t i c u l a r  a g e  and s e x  s t r u c -  
t u r e  o f  t h e  p o p u l a t i o n ;  t h e  economic development  o f  t h e  commu- 
n i t y ;  t h e  p r e v e n t i v e  h e a l t h  programs,  and t h e  methods o f  t r e a t -  
ment ;  t h e  dependence o f  t h e  volume of  m e d i c a l  s e r v i c e s  on t h e  
a v a i l a b l e  r e s o u r c e s ;  and t h e  e f f e c t s  o f  p r o g r e s s  i n  m e d i c a l  s c i -  
e n c e  o n  t h e  i n d i c a t o r s  o f  t h e  m e d i c a l  s e r v i c e .  

I n  c o u n t r i e s  w i t h  c e n t r a l i z e d  p u b l i c  h e a l t h  management, 
t h e  p l a n n i n g  u n i t  can  u s e  t h e  p u b l i c  h e a l t h  model a s  a n  a n a l y t -  
i c a l  t o o l  f o r  e v a l u a t i n g  v a r i o u s  v e r s i o n s  o f  long- range  d e v e l -  
opment programs.  The model c a n  be used f o r  o p t i m i z i n g  t h e  a l -  
l o c a t i o n  o f  r e s o u r c e s  i n  t h e  p u b l i c  h e a l t h  sys tem i n  a c c o r d a n c e  
w i t h  c h a n g e s  i n  e x t e r n a l  f a c t o r s .  

I n  c o u n t r i e s  w i t h  n o n c e n t r a l i z e d  p u b l i c  h e a l t h  management, 
t h e  model may b e  used  by l o c a l  a u t h o r i t i e s  o r  even m e d i c a l  
i n s u r a n c e  companies  i n t e r e s t e d  i n  o b t a i n i n g  f o r e c a s t s  o f  mor- 
b i d i t y  r a t e s .  

C a r e f u l  a n a l y s i s  i s  needed t o  d e t e r m i n e  t h e  e x t e n t  t o  which 
t h e  p u b l i c  h e a l t h  macro-model i s  u n i v e r s a l  o r  s p e c i f i c  t o  o n e  
c o u n t r y .  However, it i s  p o s s i b l e  even now t o  d e l i n e a t e  a  f a i r l y  
e x t e n s i v e  r a n g e  of  problems which c a n  b e  s t u d i e d  w i t h i n  t h e  
framework of  i n t e r n a t i o n a l  c o o p e r a t i o n .  

I n  t h e  USSR, s y s t e m a t i c  s t u d i e s  have  been c a r r i e d  o u t  f o r  
some y e a r s  w i t h  t h e  a im of  d e v e l o p i n g  a n  e x t e n s i v e  complex o f  
m e d i c a l  i n f o r m a t i o n  s y s t e m s  a t  t h e  n a t i o n a l  l e v e l .  T h i s  com- 
p l e x  c o m p r i s e s  i n f o r m a t i o n  sys tems  f o r  c o l l e c t i o n  o f  d a t a  on 
t h e  t h e r a p e u t i c  and p r e v e n t i v e  a c t i v i t i e s  o f  t h e  m e d i c a l  ser- 
v i c e s ,  and on t h e  e p i d e m i o l o g i c a l  and h y g i e n i c  s i t u a t i o n ,  and 
m e d i c a l  s t a t i s t i c a l  d a t a ;  it a l s o  i n c l u d e s  i n f o r m a t i o n  on t h e  
s y s t e m s  of  f i n a n c e  p l a n n i n g  and on t h e  p h a r m a c e u t i c a l  network 
and some o t h e r  sys tems .  The m a t h e m a t i c a l  models b e i n g  deve loped  
a r e  based  on t h e  i n f o r m a t i o n  prov ided  by t h e s e  sys tems .  



A g r o u p  o f  s c i e n t i s t s  from some o f  t h e  i n s t i t u t e s  o f  t h e  
USSR M i n i s t r y  o f  H e a l t h  and from t h e  I n s t i t u t e  f o r  C o n t r o l  S c i -  
e n c e s  o f  t h e  USSR Academy o f  S c i e n c e s  have s t a r t e d  a  l a r g e -  
s c a l e  program t o  d e v e l o p  a  p u b l i c  h e a l t h  macro-model. 

Development o f  t h e  macro-model c o m p r i s e s  t h r e e  s t a g e s :  t h e  
v e r b a l  model,  t h e  m a t h e m a t i c a l  model,  and t h e  d i a l o g u e  model.  

A t  t h e  v e r b a l  model s t a g e ,  t h e  o b j e c t i v e s  i n  d e v e l o p i n g  t h e  
model,  t h e  c o n c e p t u a l  framework and t h e  f u n c t i o n a l  o r g a n i z a t i o n  
a r e  f o r m u l a t e d .  

The m a t h e m a t i c a l  model s t a r t s  w i t h  models  o f  t h e  b l o c k s  
" t r e a t m e n t " ,  " p r e v e n t i o n " ,  " s c i e n c e " ,  " r e s o u r c e s " ,  and "manage- 
ment" ,  i . e . ,  t h e  b l o c k s  which t h e m s e l v e s  make up a  model o f  t h e  
m e d i c a l  s e r v i c e s .  A t  a  l a t e r  s t a g e ,  m a t h e m a t i c a l  models of  t h e  
b l o c k s  t h a t  a r e  e x t e r n a l  t o  t h e  p u b l i c  h e a l t h  c a r e  sys tem a r e  
deve loped  o r  models ,  which a r e  a l r e a d y  a v a i l a b l e  i n  o t h e r  f i e l d s  
o f  s c i e n c e  o r  f o r  o t h e r  c o u n t r i e s ,  a r e  l i n k e d  t o  t h e  p u b l i c  
h e a l t h  c a r e  model.  I n  t h e  c o u r s e  o f  t h i s  work, a l g o r i t h m s  and 
computer programs a r e  deve loped .  

A t  t h e  t h i r d  s t a g e ,  t h e  m a t h e m a t i c a l  model o f  p u b l i c  h e a l t h  
c a r e  i s  t r a n s f o r m e d  i n t o  t h e  d i a l o g u e  model (man-machine, simu- 
l a t i o n ,  game).  V a r i o u s  e x p e r i m e n t s  w i t h  t h e  model a r e  c a r r i e d  
o u t  and t h e  model i s  a d a p t e d  t o  t h e  needs  o f  t h e  u s e r s .  

A t  t h e  p r e s e n t  t i m e ,  t h e  g r o u p  of  USSR s c i e n t i s t s  working . 
i n  c l o s e  c o n t a c t  w i t h  IIASA have completed t h e  development  o f  
t h e  v e r b a l  model and t h e  f i r s t  v e r s i o n  o f  t h e  m a t h e m a t i c a l  model.  

The main o b j e c t i v e  of d e v e l o p i n g  models is  t o  e n a b l e  a  de-  
c i s i o n  maker t o  a n a l y z e  and p r e d i c t  t h e  b e h a v i o r  under  changing  
e x t e r n a l  c o n d i t i o n s  o f  t h e  p u b l i c  h e a l t h  c a r e  sys tem i n  t e r m s  
o f  v a r i o u s  management v e r s i o n s  and t o  work o u t  a l t e r n a t i v e  v e r -  
s i o n s  o f  p u b l i c  h e a l t h  management i n  o r d e r  t o  r e a c h  t h e  p r e -  
d e t e r m i n e d  g o a l s .  T h i s  v e r y  o b j e c t i v e  makes it e s s e n t i a l  t o  
d e v e l o p  t h e  p u b l i c  h e a l t h  c a r e  model a s  a  d i a l o g u e  model.  

The f u n c t i o n a l  o r g a n i z a t i o n  o f  a  p u b l i c  h e a l t h  c a r e  sys tem 
i s  shown i n  F i g u r e  1. 

The a r rows  i n  F i g u r e  2 show t h e  m o d e l ' s  c o m p l i c a t e d  i n t e r -  
r e l a t i o n s h i p  w i t h  a  p a r t i c u l a r  p o p u l a t i o n ,  r e p r e s e n t e d  i n  t h e  
form o f  a  demographic pyramid. Every p o p u l a t i o n  and a g e  g r o u p  
i s  known t o  need a  c e r t a i n  p e r c e n t a g e  o f  medica l  c a r e .  I n  de-  
v e l o p e d  c o u n t r i e s ,  new born  b a b i e s  a r e  g i v e n  100 p e r c e n t  
m e d i c a l  c a r e ,  whereas  p e o p l e  i n  t h e  35 t o  45 a g e  g r o u p  need 50 
p e r c e n t  m e d i c a l  c a r e .  On t h i s  b a s i s ,  p a t i e n t  f l o w s  t o  m e d i c a l  
u n i t s  d e v e l o p .  

The p a t i e n t  f l o w  i s  c o n s i d e r a b l y  reduced  a t  t h e  o u t s e t  by 
t h e  e f f e c t s  o f  p u b l i c  h e a l t h  p r e v e n t i v e  measures  f o r  t h e  whole 
p o p u l a t i o n ,  f o r  example,  a  number o f  d i s e a s e s ,  i n c l u d i n g  
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Figure 2. Interrelationship of the health care service with the population. 

smallpox,  have been prevented by immunization. The diagram 
a l s o  shows t h e  p roces s  whereby l a t e n t  d i s e a s e s  a r e  d i s cove red  
i n  pe r sons  who d i d  n o t  know t h e y  were ill; t h i s  i n c r e a s e s  t h e  
p a t i e n t  f low. The p a t i e n t  f low meets  t h e  s i t u a t i o n  t h a t  p u b l i c  
h e a l t h  c a r e  r e s o u r c e s  a r e  i n s u f f i c i e n t  t o  p roces s  it s o  t h a t  
a  p r o p o r t i o n  of  would be  p a t i e n t s  r e c e i v e  incomplete  t r e a t m e n t  
o r  none a t  a l l .  

Once i n s i d e  t h e  p u b l i c  h e a l t h  c a r e  system, t h e  p a t i e n t  
f low becomes ve ry  compl ica ted .  Some of t h e  p a t i e n t s  g e t  w e l l  
d u r i n g  o u t - p a t i e n t  t r e a t m e n t  and r e t u r n  t o  t h e  h e a l t h y  group 
and some d i e .  The p a t i e n t s  w i th  more s e v e r e  d i s e a s e s  go i n t o  
h o s p i t a l  where a  s i m i l a r  p roces s  occu r s .  The f i n a l  s t a g e  i s  
r e h a b i l i t a t i o n  of d i s a b l e d  p a t i e n t s .  

Resources coming i n t o  t h e  p u b l i c  h e a l t h  system a r e  r e p r e -  
s e n t e d  by t h e  a r row on t h e  o p p o s i t e  s i d e  of t h e  diagram. They 
i n c l u d e  m a t e r i a l  s u p p l i e s ,  manpower, t echnology and i n t e l l e c t u a l  
r e s o u r c e s  i n  t h e  form of  s c i e n t i f i c  i nnova t ions .  Resources a r e  
s u p p l i e d  through a  s p e c i a l  s e r v i c e  and t h e i r  a l l o c a t i o n  t o  t h e  
v a r i o u s  p u b l i c  h e a l t h  c a r e  u n i t s  c a l l s  f o r  many d e c i s i o n s  about  
o p t i m i z a t i o n  of  u se .  

Thus, t h e  two f lows - -pa t i en t s  and resources--meet  i n  t h e  
p u b l i c  h e a l t h  c a r e  system and a  v e r y  compl ica ted  i n t e r a c t i o n  
t a k e s  p l ace .  T h i s  i n t e r a c t i o n  i s  n o t  random i n  n a t u r e .  It i s  



r e g u l a t e d  by t h a t  p a r t  o f  t h e  p u b l i c  h e a l t h  c a r e  s y s t e m  which w e  
have  c a l l e d  t h e  management b l o c k .  The main t a s k  o f  t h i s  b l o c k  
i s  t h e  a l l o c a t i o n  o f  r e s o u r c e s  t h r o u g h o u t  t h e  p u b l i c  h e a l t h  c a r e  
sys tem.  S i n c e  t h e r e  i s  a  g r e a t  number o f  p o s s i b l e  v e r s i o n s  o f  
r e s o u r c e  a l l o c a t i o n ,  t h e  management b l o c k  must i n c l u d e  t h e  f o r -  
m u l a t i o n  o f  p u b l i c  h e a l t h  o b j e c t i v e s  under  s p e c i f i c  c o n d i t i o n s  
which may b e  a t t a i n e d  i n  v a r i o u s  a l t e r n a t i v e  ways. D e c i s i o n  
making i n  n a t i o n a l  p u b l i c  h e a l t h  p o l i c y  i s  s u c h  a  c o m p l i c a t e d  
p r o c e s s  t h a t  i t  c a n n o t  b e  automated c o m p l e t e l y .  F o r  t h i s  r e a s o n ,  
a  d e c i s i o n  maker i s  i n t r o d u c e d  i n t o  t h e  model a t  t h e  f i n a l  s t a g e  
of  development  s o  t h a t  a  man-machine sys tem i s  c o n s t r u c t e d .  Of 
c o u r s e ,  " t h e  d e c i s i o n  maker" is  a n  a r b i t r a r y  c o n c e p t .  I n  f a c t ,  
it i s  p r o b a b l e  t h a t  t h i s  r o l e  w i l l  b e  p layed  by a  g r o u p  of  ex- 
p e r t s  who w i l l  a n a l y z e ,  w i t h  t h e  h e l p  o f  t h e  model,  p o s s i b l e  
p o l i c i e s  and t h e i r  consequences .  The man-machine i n t e r a c t i o n  
a l l o w s  h i g h  f l e x i b i l i t y .  The d e c i s i o n  maker ,  t a k i n g  i n t o  a c c o u n t  
c e r t a i n  l i m i t a t i o n s ,  s e l e c t s  v a r i o u s  r e s o u r c e  a l l o c a t i o n  p o l i c i e s  
a c c o r d i n g  t o  t h e i r  s t r u c t u r e  and d u r a t i o n  and o b s e r v e s  t h e  re- 
s u l t a n t  changes  i n  t h e  p u b l i c  h e a l t h  c a r e  model.  I f  t h e y  a r e  
n o t  a c c e p t a b l e ,  he  can  s t u d y  o t h e r  s c e n a r i o s  u n t i l  he  g e t s  t h e  
d e s i r e d  r e s u l t .  

The f l e x i b i l i t y  o f  t h e  man-machine i n t e r a c t i o n  i s  a  g r e a t  
a s s e t  f o r  i n t e r n a t i o n a l  c o o p e r a t i o n  i n  d e v e l o p i n g  t h e  methodology 
o f  macro-models f o r  p u b l i c  h e a l t h  c a r e  s y s t e m s .  The methodology 
p r o v i d e s  f o r  t h e  f a c t  t h a t  i n  d i f f e r e n t  c o u n t r i e s  t h e  d e c i s i o n  
maker w i l l  have  d i f f e r e n t  o b j e c t i v e s  and w i l l  p roceed  from d i f -  
f e r e n t  p r e m i s e s ;  i t  a l s o  p r o v i d e s  f o r  d i f f e r e n t  t y p e s  o f  d e c i -  
s i o n  makers .  W e  b e l i e v e  t h a t  t h e  development  o f  t h i s  methodology 
f o r  b u i l d i n g  macro-models o f  t h e  p u b l i c  h e a l t h  sys tem s h o u l d  
a t t r a c t  t h e  combined e f f o r t s  o f  p u b l i c  h e a l t h  a d m i n i s t r a t o r s  and 
s y s t e m s  a n a l y s t s  from v a r i o u s  c o u n t r i e s  and  o f  t h e  i n t e r n a t i o n a l  
o r g a n i z a t i o n s  concerned  w i t h  p u b l i c  h e a l t h .  

IIASA c a n  become a  c e n t e r  f o r  e x p e r i e n c e  s h a r i n g  and d i s -  
c u s s i o n  between t h e  n a t i o n a l  i n s t i t u t i o n s  engaged i n  t h i s  com- 
p l i c a t e d  t a s k .  Such a n  i n t e r n a t i o n a l  d i v i s i o n  o f  l a b o r  c a n  
b r i n g  n e a r e r  t h e  t i m e  when t h e  p u b l i c  h e a l t h  c a r e  macro-models 
c a n  b e  used by t h e  p u b l i c  h e a l t h  a d m i n i s t r a t o r s  i n  v a r i o u s  
c o u n t r i e s  t o  promote t h e  w e l f a r e  o f  t h e  s i c k ,  which i s  o u r  com- 
mon c o n c e r n .  

The IIASA Biomedical  P r o j e c t  i s  s e e k i n g  c o l l a b o r a t o r s  i n  
t h i s  i m p o r t a n t  work. 



Some Principles for Creation of a 

Health Care System Simulation Model 

A.A. Klementiev 

THE GENERAL CONCEPTS 

In recent years, popular demand for highly-qualified medi- 
cal care has significantly increased, giving rise to new demands 
on the use of health care resources, hence the need to organize 
the health care system (HCS) at the level of a large region, as, 
for example, a country, so as to provide its population with the 
best possible medical care. 

HCS management is characterized by the fact that some of 
the effects of managerial action become apparent only 10 to 20 
years after the related decisions have been taken. The adminis- 
trator cannot foresee or sometimes even approximately estimate 
all the possible consequences of his decisions owing to the com- 
plexity of the object of management, the dependency of its be- 
havior on external systems, etc. Under such circumstances it 
is rather difficult to make the best, or, sometimes, even an 
acceptable, decision. Simulation by a model of the development 
of the real HCS makes it possible to determine general develop- 
ment trends in terms of management policy and the likely behav- 
ior of external systems. 

An analysis of the model's behavior provides a basis for 
managerial decision making. 

The concept of the development of the HCS may be stated as 
follows: 

- First, changes in the total volume and proportions of 
HCS resources (in particular, manpower resources) in 
accordance with changes in the total population, the 
structure of disease prevalence, methods of preventing 
and treating disease, etc.; 

- Second, changes in base standards owing to advances in 
medical science affecting methods of treatment and pre- 
vention; 

- Third, increased proportion of preventive activities 
within the sum total of HCS operations. 

Synthesis of the dynamic simulation model of the health 
care system (DSMHCS) calls for the development of mathematical 



models for the above-mentioned three interrelated aspects of HCS 
development, the working out of a set of programs for the model 
and the development of a procedure for dialogue between the 
DSMHCS and the decision maker (DM). 

Thus, the aim of developing the DSMHCS is to provide the 
DM with an instrument to test and make a preliminary selection 
of the possible management decisions related to the above-men- 
tioned aspects. It is assumed that in generating management 
policy, the DM starts from a given objective of HCS development 
and takes into account the various constraints on its attainment 

DEFINITIONS 

The number of newly registered cases of a disease per 1000 
of population per year is called the i n c i d e n c e  r a t e  of that dis- 
ease. 

The total number of patients suffering from that disease 
at a given time is called the p r e v a l e n c e  of the disease at that 
time. Not all cases receive medical attention immediately after 
the onset of the disease. Therefore, only a proportion of cases 
come within the ambit of the health care system. This proportion 
is described as the r e g i s t e r e d  p r e v a l e n c e ;  the remaining cases 
are described as the l a t e n t  p r e v a l e n c e  of the disease. 

Three different variants, corresponding to the three basi- 
cally different types of disease are being developed within 
DSMHCS . 

Type I diseases are characterized by a weak onset which 
often passes unnoticed by the subject and a long development 
period, exhibiting the following characteristic phases: A-phase-- 
the subject can work; he may not notice any signs of disease. 
This is the initial phase of the disease during which treatment 
may result in complete cure. B-phase--the subject is temporarily 
or permanently unable to work. The disease steadily pursues its 
course. Treatment at this phase may be effective in returning 
the disease to phase A. C-phase--the subject's inability to work 
becomes fixed. Irreversible pathological changes occur. 

Among Type I diseases are alcoholism, certain malignant 
tumors, etc. 

Type 11 diseases are acute infectious diseases, such as 
smallpox and poliomyelitis, against which effective vaccines have 
been developed. 

Type I I I  diseases are distinguished by the fact that their 
early diagnosis is impossible or ineffective and immunization 
against them is impracticable, for example, accidents, poisoning, 
etc . 



Let  u s  now d e f i n e  t h e  main a s p e c t s  of  HCS o p e r a t i o n s  a s  r e -  
f l e c t e d  by t h e  DSMHCS. 

T r e a t m e n t  a c t i v i t y  i s  r e p r e s e n t e d  i n  t h e  DSMHCS by t h e  i n t e r -  
a c t i o n  between r e g i s t e r e d  p a t i e n t s  and HCS r e s o u r c e s .  This  i n t e r -  
a c t i o n  r e s u l t s  i n  t h e  consumption o f  a c e r t a i n  amount of r e sources  
and a change i n  t h e  dynamics of  t h e  d i s e a s e .  

Two a s p e c t s  of  p r e v e n t i v e  a c t i v i t i e s  a r e  r ep resen ted  i n  t h e  
DSMHCS: f i r s t ,  e a r l y  d e t e c t i o n  o f  d i s e a s e  and r e f e r r a l  o f  t h e  
c a s e s  concerned t o  medical  t r ea tmen t  and second,  prevent ion  of 
d i s e a s e  by immunizing t h e  h e a l t h y  popula t ion .  I n  both  cases ,  
some HCS r e s o u r c e s  a r e  consumed and t h e  s t r u c t u r e  of t h e  preva- 
l ence  of  d i s e a s e  i s  a l t e r e d .  

The DSMHCS ana lyzes  the  fo l lowing  types  of a d m i n i s t r a t i v e  
a c t i v i t i e s :  s t a f f i n g  p o l i c y ,  popu la t ion  sc reen ing  p o l i c y  and 
p o l i c y  f o r  h e a l t h  s t a n d a r d s .  

S t a f f i n g  p o l i c y  i nvo lves  management d e c i s i o n  making about  
t h e  t o t a l  number and r a t i o  of d o c t o r s .  I t  i s  assumed t h a t  e x i s t -  
i ng  s t a n d a r d s  would make it p o s s i b l e  t o  c a l c u l a t e ,  on t h e  b a s i s  
o f  t h e  number of d o c t o r s ,  t h e  amount of o t h e r  r e s o u r c e s  be ing  
used ( h o s p i t a l  beds, nu r ses ,  e t c .  ) . 

An e f f e c t i v e  p o p u l a t i o n  s c r e e n i n g  p o l i c y  i s  determined,  
g e n e r a l l y ,  by t h e  fo l lowing c o n s i d e r a t i o n s .  On t h e  one hand, 
an i n c r e a s e  i n  t h e  number of occupa t iona l  s c r e e n i n g s  y i e l d s  a 
r e l a t i v e  i n c r e a s e  i n  t h e  number of c a s e s  r e g i s t e r e d  wi th  i n i t i a l  
symptoms of a d i s e a s e .  S ince  t r ea tmen t  of such c a s e s  i s  more 
e f f e c t i v e ,  t h i s  c o n t r i b u t e s  t o  a g r e a t e r  e f f i c i e n c y  i n  HCS t r e a t -  
ment a c t i v i t i e s .  On t h e  o t h e r  hand, i nc reased  sc reen ing  l e a d s  
t o  i nc reased  expend i tu re s  under t h a t  head. Thus, an e f f e c t i v e  
p o l i c y  must be a compromise which t a k e s  i n t o  account  o t h e r  c r i -  
t e r i a ,  n o t  n e c e s s a r i l y  t h e  c o s t - e f f e c t i v e n e s s .  

A p o l i c y  f o r  h e a l t h  s t a n d a r d s  i n  t h e  HCS e s t a b l i s h e s  a 
r a t i o n a l  ba lance  between t h e  v a r i o u s  r e s o u r c e s ,  on t h e  one hand, 
and t h e  changing s t r u c t u r e  of  popular  demands f o r  medical  c a r e ,  
on t h e  o t h e r .  S tandards  a r e  a l s o  updated i n  accordance wi th  
advances i n  medical  s c i e n c e .  

The fo l lowing t y p e s  of r e sources  a r e  r e f l e c t e d  i n  t h e  DSMHCS. 

1 .  Technologica l  r e s o u r c e s  f o r  t h e  p reven t ive  c a r e  a c t i v i -  
t i e s  measured i n  money u n i t s .  

2 .  Manpower r e sources  employed i n  p reven t ive  c a r e .  

3 .  Manpower r e sources  employed i n  o u t - p a t i e n t  c l i n i c s .  

4 .  Manpower r e sources  employed i n  h o s p i t a l s .  



Resources  o f  t y p e s  2 ,  3  and 4 a r e  measured b o t h  i n  p h y s i c a l  
u n i t s ,  i . e . ,  i n  t h e  man-days s p e n t  by a  d o c t o r  i n  t h e  HCS o n  a  p a r -  
t i c u l a r  a c t i v i t y  ( p r e v e n t i o n ,  o u t - p a t i e n t  t r e a t m e n t ,  h o s p i t a l  
t r e a t m e n t )  and i n  money u n i t s ,  i . e . ,  t h e  c o s t  of  t h a t  a c t i v i t y .  

Management policy is  u n d e r s t o o d  a s  s i m u l a t i o n  o f  a d m i n i s t r a -  
t i v e  a c t i v i t i e s  i n  t h e  DM-DSMHCS d i a l o g u e .  

Effectiveness criteria o f  t h e  s e l e c t e d  management p o l i c y  
a r e  t h e  HCS development  i n d i c a t o r s  which a r e  s i g n i f i c a n t  t o  t h e  
DM. I t  i s  assumed t h a t  t h e  DM w i l l  select a  management p o l i c y  
s u c h  t h a t  it w i l l  " improve" ,  i n  some s e n s e ,  t h e s e  i n d i c a t o r s .  
The l i s t  o f  c r i t e r i a  i s  d e t e r m i n e d  by t h e  DM. 

DESCRIPTION OF THE MODEL 

T h i s  r e p o r t  d e s c r i b e s  a  v a r i a n t  of  t h e  DSMHCS s i m u l a t i n g  
o n l y  t h e  p r o c e s s e s  t h a t  t a k e  p l a c e  i n  t h e  HCS i n  t h e  c a s e  o f  
Type I d i s e a s e s .  The g e n e r a l  s t r u c t u r a l  scheme of t h e  model i s  
shown i n  F i g u r e  1 .  Such e x t e r n a l  c h a r a c t e r i s t i c s  ( 1 )  a s  t h e  
l i v i n g  s t a n d a r d ,  e d u c a t i o n a l  l e v e l ,  c l i m a t e ,  q u a l i t y  o f  f o o d ,  
e tc . ,  i n f l u e n c e  b o t h  t h e  sex-age s t r u c t u r e  of  t h e  p o p u l a t i o n  
( 2 )  and t h e  i n c i d e n c e  o f  d i s e a s e  i n  t h e s e  sex-age s t r a t a  ( 3 ) .  
I n  t u r n ,  t h e  sex-age  s t r u c t u r e  and t h e  i n c i d e n c e  r a t e  d e t e r m i n e  
t h e  p r e v a l a n c e  o f  d i s e a s e  i n  t h e  p o p u l a t i o n  ( 4 ) .  The l a t t e r  a l s o  
depends  on t h e  HCS p r e v e n t i v e  and t r e a t m e n t  a c t i v i t i e s  (5). 
D i s e a s e  p r e v a l e n c e  i s  t a k e n  t o  c o n s t i t u t e  t h e  demand o f  t h e  pop- 
u l a t i o n  on HCS p r e v e n t i v e  and t r e a t m e n t  r e s o u r c e s .  Development 
o f  HCS r e s o u r c e s  i s  s i m u l a t e d  by b l o c k  ( 6 ) .  Consumption of re- 
s o u r c e s  ( p r e v e n t i v e  and t r e a t m e n t  a c t i v i t i e s )  t a k e s  p l a c e  a c -  
c o r d i n g - t o  HCS s t a n d a r d s .   ons sump ti on o f  r e s o u r c e s  r e s u l t s  i n  
a  change i n  t h e  d i s e a s e  p r e v a l e n c e  s t r u c t u r e .  C h a r a c t e r i s t i c s  
d e f i n i n g  t h e  q u a l i t y  o f  p r e v e n t i v e  and t r e a t m e n t  a c t i v i t i e s  de -  
pend on  t h e  l e v e l  o f  m e d i c a l  s c i e n c e  ( 7 ) .  Among s u c h  c h a r a c t e r -  
i s t ics  i n  t h e  model a r e  t h e  t i m e  and c o s t  o f  t r e a t m e n t  d u r i n g  
a  g i v e n  p h a s e  o f  d i s e a s e ,  t h e  c o s t  of  a  s i n g l e  s c r e e n i n g  exam- 
i n a t i o n ,  etc.  

At  t h i s  l e v e l  o f  deve lopment ,  t h e  model i s  n o t  concerned  
w i t h  HCS management p r o c e s s e s .  I f  we w i s h  t o  s t u d y  management 
p r o c e s s e s ,  t h e  DM-model d i a l o g u e  mode s h o u l d  b e  u s e d .  I n  t h i s  
c a s e ,  t h e  DM b l o c k  ( 8 )  i n  F i g u r e  1 ,  w i l l  d e t e r m i n e  t h e  HCS d e v e l -  
opment g o a l  and f o r m u l a t e  t h e  c o r r e s p o n d i n g  e f f e c t i v e n e s s  cr i -  
t e r i a  ( 1 0 ) .  Next ,  t h i s  b l o c k  w i l l  f o r m u l a t e  management p o l i c y ,  
t a k i n g  i n t o  a c c o u n t  g i v e n  r e s o u r c e  c o n s t r a i n t s  ( 9 ) ;  it may a l s o  
f o r m u l a t e  some g e n e r a l  h y p o t h e s e s  a b o u t  t h e  s t a t e  o f  t h e  e x t e r n a l  
sys tems .  T h i s  i n f o r m a t i o n  i s  f o r m a l i z e d  i n  t e r m s  o f  t h e  model .  
The computer  t h e n  c a l c u l a t e s  t h e  m o d e l ' s  b e h a v i o r  under  t h e s e  
c o n d i t i o n s .  The r e s u l t s  w i l l  b e  f e d  t o  b l o c k  ( 8 )  f o r  a n a l y s i s  
o f  t h e  q u a l i t y  o f  t h e  s e l e c t e d  management p o l i c y .  

I n  t h e  f i r s t  v e r s i o n  o f  t h e  model ,  t h e  e n t i r e  p o p u l a t i o n  i s  
d i v i d e d  i n t o  t h r e e  g r o u p s ,  e a c h  group  b e i n g  c l a s s i f i e d  i n t o  



s t r a t a  accord ing  t o  s e x ,  age ,  and phase of d i s e a s e .  Group HP 
r e p r e s e n t s  t h e  h e a l t h y  popu la t i on ,  group LD, t h e  l a t e n t  s i c k  
c a s e s  and group RP, t h e  r e g i s t e r e d  p a t i e n t s ,  i . e . ,  p a t i e n t s  
consuming HCS re sou rces .  The number of people  i n  each  s t r a tum 
i s  r e c a l c u l a t e d  a t  each  d i s c r e t e  t ime s t e p ,  i n  t h i s  c a s e ,  one 
month. The dynamics of t h e  popu la t i on  w i t h i n  t h e  groups and be- 
tween t h e  s t r a t a  i s  r e p r e s e n t e d  by Equat ions  ( 1 )  - ( 3 )  i n  t h e  
Appendix which a r e  d i s cus sed  below. T r a n s i t i o n  from group LD 
t o  group RP t a k e s  p l a c e  accord ing  t o  t h e  a v a i l a b i l i t y  of t h e  
cor responding  HCS r e s o u r c e ,  ADR ( 1 5 ) ;  t h i s  i s  determined by t h e  
v a r i a b l e  REAP ( 1 8 ) .  A p r o p o r t i o n  of t h e  popu la t i on  r e c e i v i n g  
medica l  c a r e ,  AAS ( 1 7 ) ,  c o n s i s t s  of l a t e n t  c a s e s  admi t ted  a t  
t h e i r  own r e q u e s t ,  AT ( 7 )  and l a t e n t  c a s e s  d e t e c t e d  through 
sc reen ing  SD ( 9 ) .  The t o t a l  p r o d u c t i v i t y  of medica l  s c r een ing  
( t h e  number of people  from groups  LD and HP who were screened  pe r  
u n i t  o f  t ime)  depends on t h e  equipment of t h e  s c r een ing  s e r v i c e ,  
ARS (21 ) , and t h e  manpower r e s o u r c e s  o f  t h i s  s e r v i c e ,  SDH (1 1 )  . 
The r a t i o  between t h e  t r e a t m e n t  manpower r e s o u r c e s ,  TDH ( 1 2 ) ,  
and t h e  s c r een ing  manpower r e s o u r c e s ,  SDH ( 1 1 ) ,  i s  d e f i n e d  
by t h e  v a r i a b l e  TJP determined by t h e  DM b lock  ( 8 )  on  F igu re  1. 
The r a t i o  o f  manpower employed i n  o u t - p a t i e n t  c l i n i c s  t o  manpower 
employed i n  h o s p i t a l s  i s  d e f i n e d  by t h e  v a r i a b l e  ATDH. The ca-  
p a c i t y  o f  t r e a t m e n t  manpower r e s o u r c e s ,  a s  r e p r e s e n t e d  by a phy- 
s i c i a n ' s  s t a n d a r d  workload, i s  g iven  by t h e  v a r i a b l e  ADR ( 1 5 ) .  
Unde ru t i l i z ed  t r e a t m e n t  manpower r e sou rce ,  REA, i s  ob ta ined  from 
( 1 6 ) .  The model t a k e s  i n t o  account  t ime d e l a y s  a r i s i n g  from t h e  
t r a i n i n g  o f  p h y s i c i a n s ,  STD, l o s s  of  manpower due  t o  r e t i r e m e n t  
o f  p h y s i c i a n s  and d e l a y s  i n  d e l i v e r y  of  equipment f o r  s c r een ing  
a c t i v i t i e s ,  RETR ( 2 0 ) .  The c u r r e n t  and t o t a l  expend i tu re s  of  t h e  
HCS f o r  t h e  pe r iod  o f  t ime  under s tudy  a r e  r e p r e s e n t e d  by t h e  f o l -  
lowing v a r i a b l e s :  FEXRS, FEDS, FEDT ( c u r r e n t )  and EXRS, EDSS and 
EDTS ( t o t a l )  . 
CONCLUSION 

The DSMHCS model, d i s c u s s e d  above, i s  o n l y  an  i n i t i a l  v e r s i o n ;  
work w i l l  be  cont inued  a long  t h e  fo l lowing  l i n e s :  

- Development of models of  e x t e r n a l  subsystems and cons id-  
e r a t i o n  of  t h e i r  i n f l u e n c e  on t h e  behavior  of  HCS; 

- Modeling of t h e  development of medica l  s c i e n c e s  t o  t a k e  
i n t o  account  t h e i r  i n f l u e n c e  on t h e  s t r u c t u r e  of  HCS 
r e s o u r c e s  and t h e  e f f e c t i v e n e s s  of p r e v e n t i v e  and t r e a t -  
ment a c t i v i t i e s ;  

- Development of t h e  model t o  t a k e  i n t o  account  t h e  char -  
a c t e r i s t i c s  of Type I1 and I11 d i s e a s e s ;  

- Study of t h e  s t a b i l i t y  of  t h e  DSMHCS. 

Moreover, ti number of p a r t i c u l a r  methodologica l  problems, stem- 
ming from t h e  h igh  d i m e n s i o n a l i t y  of t h e  model, t h e  l a c k  of nec- 
e s s a r y  L n i t i a l  d a t a ,  e t c . ,  remain t o  be so lved .  



However, the variant of DSMHCS described above yields sig- 
nificant results which could assist in making a rational alloca- 
tion of resources between treatment and prevention activities. 
Experiments are currently being carried out in this field. 

MODEL OF OUTER SUBSYSTEMS 
-LIVING STANDARD 
-EDUCATIONAL LEVEL 
SLIMATE DECISION LIMITATIONS 
-FOOD. ETC. MAKING 

v 
MODEL OF MEDICAL 
SCIENCE DEVELOPMENT 

v 
POPULATION SPECIFIC MORBIDITY MODEL OF FORMING 
SEX.AGE 
STRUCTURE RATE MODEL 

@ HEALTHCARE 

RESOURCES 
(MEANS1 

ACTIVITY MODEL 

H.C.S. M O D E L  I T S E L F  

Figure 1. General structure of interconnections in the model. 



Appendix I 

The f o l l o w i n g  n o t a t i o n  i s  u s e d  i n  t h e  p r e s e n t  work: 

I - number o f  sex-age g roup  ( s t r a t u m )  , I = 1  ,2,3; 

J - i n d e x  o f  phase  o f  d i s e a s e  i n c i d e n c e ,  J E (A,B,c) ;  

T  - c u r r e n t  ( p r e s e n t )  t i m e .  

I f  FUN i s  a  c e r t a i n  f u n c t i o n  o f  t h e  v a r i a b l e s  ( I , J , T ) ,  t h e n  t h e  
n o t a t i o n  FUN(I,J,T) everywhere below s h o u l d  b e  u n d e r s t o o d  a s  t h e  
v a l u e  of  FUN a t  t h e  moment i n  t i m e  T  f o r  t h e  sex-age s t r a t u m  I 
f o r  phase  J o f  t h e  d i s e a s e .  

SPECIFICATION OF BASIC VARIABLES 

HP(1,T)  - number o f  h e a l t h y  i n d i v i d u a l s ;  

DSR(1,T) - i n c i d e n c e  o f  d i s e a s e ;  

DHD ( I  ,TI - number o f  p a t i e n t s  who h a v e  r e c o v e r e d ;  

D R ( I , T )  - m o r t a l i t y ;  

TMOY - d i s c r e t e  t i m e  s t e p  i n  t h e  p o p u l a t i o n  p a r t  o f  
t h e  model; 

TRHH(I , I+l ,T)  - number o f  h e a l t h y  i n d i v i d u a l s  t r a n s f e r r e d  from 
s t r a t u m  I t o  s t r a t u m  I+1:  

L D ( I , J , T )  - number o f  l a t e n t  s i c k  i n d i v i d u a l s ;  

TRHL(I,J=A,T) - number o f  p e o p l e  i n  t h e  i n i t i a l  p h a s e  o f  t h e  
d i s e a s e ;  

T R L I ( I , J , T )  - a d d i t i o n a l  number o f  s i c k  i n d i v i d u a l s  f rom t h e  
g r o u p  o f  l a t e n t  s i c k ,  t r a n s f e r r i n g  from o t h e r  
s t r a t a ;  

REAP(I ,J ,T)  - number o f  l a t e n t  s i c k  i n d i v i d u a l s  t r a n s f e r r i n g  
t o  t h e  g r o u p  o f  r e g i s t e r e d  p a t i e n t s ,  i .e .  t h o s e  
consuming HCS r e s o u r c e s ;  

TRLO(I,J,T) - number o f  l a t e n t  s i c k  i n d i v i d u a l s  h a v i n g  t r a n s -  
f e r r e d  i n t o  o t h e r  s t r a t a  w i t h i n  t h e  g roup  o f  
l a t e n t  s i c k  i n d i v i d u a l s ;  



RP(I,J,T) - number of registered patients, i.e. those con- 
suming HCS resources; 

TRRI(I,J,T) - additional number of registered patients trans- 
ferred from other strata within the group of 
registered patients; 

TRPO(1, J,T) - number of registered patients transferred to other 
strata within the group of registered patients; 

HPS (T) - total number of healthy individuals subject to 
screening examination; 

LDS (T) - total number of latent sick individuals; 

CDL (T) - "concentration" of latent sick individuals; 

AT(I rJrT) - number of latent sick individuals admitted to 
treatment at their own request; 

ATP (I, J) - portion of latent sick individuals who spon- 
taneously seek medical assistance; 

AA(I,J,T) - number of latent sick individuals who have re- 
quested medical assistance; 

SD (1, J,T) - number of registered patients detected by screening; 

GPS (T) - general productivity of screening resources; 

SDH (T) - physician-manpower resources employed on 
screening activities; 

TDH (T) - physician-manpower resources employed on 
treatment activities; 

RPS(JIT) - total number of registered patients; 
TDHT(J,T) - physician-manpower resources corresponding to 

disease phase J; 

ADR(J,T) - general physician workload, expressed in terms 
of the standard number of patients of physican- 
manpower resources involved in treatment activities; 

REA(JIT) - unutilized physician-manpower resources; 
AAS (J,T) - number of latent sick individuals who have 

requested medical assistance; 

REAP (J,T) - number of latent sick individuals having trans- 
ferred into the category of registered patients; 

GDH (T) - general physician-manpower resources. 



EQUATIONS 

( 1 )  HP(I,T+l) = HP(1,T) + DHD(1,T) 
- IHP(I,T) * DSR(1,T) + HP(1,T) + DR(I,T)} 

* TMOY - TRHH(I,I+l,T) +TRHH(I-l,I,T) 

(2) LD(I,J,T+l) = LD(I,J,T) + TRHL(I,J,T) + TRLI(I,J,T) 
- LD(I,J,T) * DR(1,T) * TMOY - REAP(I,J,T) 
- TRLO(I,J,T) 

( 3 )  RP(I,J,T+l) = RP(I,J,T) + REAP(I,J,T) + TRRI (I,J,T) 
- RP(I,J,T) * DR(I,T) * TMOY - DHD(I,J,T) 
- TRRO(I,J,T) 

(1 1 ) SDH (T) = GDH (T) * TSPS (T) 



(19) GDH(T) = DOC(T) * TSD(T) * TMOY 

(21) ARS (T) = DELAY2 (YRS,DSR) 



Health Care:  A Systems Approach 

D.D.  Venedictov,  e t  a l .  

INTRODUCTION 

The main requi rements  of  man t o  pro long l i f e ,  h e a l t h ,  and 
normal p h y s i c a l  and c u l t u r a l  development a r e  food ,  c l o t h i n g ,  
housing and a  f a v o r a b l e  n a t u r a l  environment ( a i r ,  wa te r ,  e t c . ) .  

The concep t s  of h e a l t h  and i t s  o p p o s i t e ,  d i s e a s e ,  have had 
v a r i o u s  i n t e r p r e t a t i o n s  i n  h i s t o r y ,  and t h e  most wide ly  spread  
c u r r e n t  d e f i n i t i o n  i s  t h a t  i n  t h e  WHO C o n s t i t u t i o n :  "Heal th  i s  
a  s t a t e  of  complete  p h y s i c a l ,  men ta l . and  s o c i a l  well-being and 
n o t  mere ly  t h e  absence of d i s e a s e  o r  i n f i r m i t y " .  

With t h e  emergence o f  s o c i a l i s m  a  new a t t i t u d e  was engen- 
dered  t o  t h e  h e a l t h  of  working people ,  women, c h i l d r e n  and youth 
a s  be ing  something of  impor tan t  s o c i a l  va lue .  "Pub l i c  h e a l t h "  
became one of t h e  main g o a l s  o f  s o c i a l  development and an impor- 
t a n t  c o n d i t i o n  f o r  s u c c e s s f u l  economic and s o c i a l  p r o g r e s s .  So- 
c i a l i s m  a l s o  p u t  forward and was t h e  f i r s t  t o  implement t h e  p r i n -  
c i p l e  t h a t  h e a l t h  i s  an i n a l i e n a b l e  r i g h t  of  man, and t h a t  t h e  
gua ran t ee ing  o f  t h i s  r i g h t  i s  one of  t h e  most impor tan t  t a s k s  
f a c i n g  s o c i e t y .  Th i s  i s  now recognized  everywhere and i n  t h e  
y e a r s  s i n c e  t h e  Second World War it has  been r e f l e c t e d  i n  a  num- 
b e r  of impor tan t  i n t e r n a t i o n a l  documents, f i r s t  i n  t h e  WHO Con- 
s t i t u t i o n  ("The enjoyment of  t h e  h i g h e s t  a t t a i n a b l e  s t anda rd  o f  
h e a l t h  i s  one of  t h e  fundamental  r i g h t s  o f  every  human being 
wi thou t  d i s t i n c t i o n  o f  r a c e ,  r e l i g i o n ,  p o l i t i c a l  b e l i e f ,  eco- 
nomic o r  s o c i a l  c o n d i t i o n " ) ,  and i n  t h e  Un ive r sa l  D e c l a r a t i o n  
of  Human R igh t s  adopted by t h e  United Nations i n  1948 ("Every- 
one  has  t h e  r i g h t  t o  a  s t anda rd  of  l i v i n g  adequate  f o r  t h e  h e a l t h  
and wel l -be ing  of himself  and of h i s  f ami ly ,  i n c l u d i n g  food ,  
c l o t h i n g ,  housing and medical  c a r e  and neces sa ry  s o c i a l  s e r -  
v i c e s " ) .  An impor tan t  p r i n c i p l e  i s  con ta ined  i n  t h e  United Na- 
t i o n s  Genera l  Assembly r e s o l u t i o n  1386 Dec la ra t i on  of t h e  R igh t s  
of  t h e  Ch i ld  (" . . .Every  c h i l d  has  t h e  r i g h t  t o  a  name and a  na- 
t i o n a l i t y ,  t o  an equa l  s t a t u s  upon b i r t h ,  t o  a  ma te rna l  and fam- 
i l y  c a r e ,  t o  t h e  p r o t e c t i o n  of h e a l t h ,  t o  adequate  n u t r i t i o n ,  
e t c . " )  , i n  t h e  UN D e c l a r a t i o n  on g r a n t i n g  independence t o  p rev i -  
o u s l y  oppressed  c o u n t r i e s  and peop le s ,  and i n  s t a t e m e n t s  and dec- 
l a r a t i o n s  by many governments and p o l i t i c a l  p a r t i e s .  For  i n -  
s t a n c e ,  t h e  summary r e p o r t  o f  t h e  Thi rd  Conference of P u b l i c  
Heal th  M i n i s t e r s  of L a t i n  American c o u n t r i e s  (1972) n o t e s  t h a t  
" h e a l t h  i s  a  u n i v e r s a l  r i g h t  which d i s t i n g u i s h e s  a  c i v i l i z e d  
s o c i e t y  from an u n c i v i l i z e d  one".  A t  t h e  same t ime,  t h e r e  i s  i n  
many c o u n t r i e s  a  g r e a t  gap  between t h e  d e c l a r a t i o n s  on " t h e  i n -  
a l i e n a b l e  r i g h t s  of  man" and t h e i r  r e a l  implementat ion.  



From e x i s t i n g  pub l i ca t ions  (UN yearbooks, WHO reviews,  WHA 
documents) one ga ins  an extremely va r i ed ,  con t rad ic to ry  and f a r  
from complete p i c t u r e  of t h e  number, dynamics, age-group s t r u c -  
t u r e  of t h e  population i n  d i f f e r e n t  c o u n t r i e s ,  b i r t h  r a t e s ,  mor- 
t a l i t y  and morbidity,  medical es tabl ishments ,  methods and t r a -  
d i t i o n s  of t r a i n i n g  s p e c i a l i s t s ,  t h e  o rgan iza t ion  of medical 
p r a c t i c e ,  pharmacies, sanitary-epidemiological  s e r v i c e s  and so  
on. Requirements f o r  t h e  p ro tec t ion  and s t rengthening of hea l th  
a r e  cons tan t ly  inc reas ing ,  a s  t h e  pace of modern l i f e  sharply  
inc reases  nervous and psychological  s t r e s s ,  and has a d i r e c t  
in f luence  on ca rd iovascu la r ,  cancer and v i r a l  d i s e a s e s ,  metabol- 
i c  d i s o r d e r s ,  e t c .  

The h e a l t h  of man a l s o  depends on t h e  development of h e a l t h  
c a r e  s e r v i c e s .  WHO'S F i f t h  General Program of Work f o r  t h e  pe r i -  
od 1973-1977, s t a t e s :  " In  t h i s  emergent framework of p o l i t i c a l ,  
economic, s o c i a l ,  c u l t u r a l ,  technological  and psychological  sys-  
tems, superimposed on t h e  geophysical  environment, h e a l t h  has t o  
be brought about. Publ ic  h e a l t h  i s  implicated i n  each of those  
systems and, being a p a r t  of t h e  t o t a l  matr ix ,  in f luences  it by 
i t s  own dynamics" (Off. Rec. Wld Hlth Org. 1973, Annex 1 1 ) .  

Many c o u n t r i e s  have accumulated considerable  experience i n  
t h e  f i e l d  of e f f e c t i v e l y  p ro tec t ing  human h e a l t h ;  but  it  i s  nec- 
e s sa ry  t o  develop t h i s  f u r t h e r  and t o  improve t h e  methodology of 
management. The absence of an i n t e r n a t i o n a l l y  agreed theory of 
h e a l t h  c a r e  management (and of a common understanding of t h e  so- 
c i a l  essence of publ ic  h e a l t h )  i s  being f e l t  more and more acute-  
l y ,  and t h i s  i s  r e f l e c t e d  i n  a wide v a r i e t y  of socio-hygienic 
and medico-organizational  l i t e r a t u r e .  

Some s p e c i a l i s t s  favor t h e  concept of "plura l ism" i n  s o c i a l  
development and express  doubts about t h e  p o s s i b i l i t y  of working 
o u t  a s i n g l e  model of h e a l t h  c a r e  management, because of t h e  
g r e a t  d i f f e r e n c e s  between c o u n t r i e s ,  t h e i r  t r a d i t i o n s  and forms 
of S t a t e  s t r u c t u r e .  We consider  these  doubts unfounded, s i n c e  
h e a l t h  c a r e  systems i n  a l l  c o u n t r i e s  a r e  developing, not  only i n  
a p a r t i c u l a r  n a t i o n a l  way, but  i n  accordance with genera l  laws 
governing t h e  development of medical and socio-hygienic sc ience  
and p r a c t i c e ,  and i n  response t o  n a t i o n a l  and i n t e r n a t i o n a l  prob- 
lems. Pro tec t ing  t h e  h e a l t h  of t h e  population i n  any country 
demands e f f e c t i v e  use  of n a t i o n a l  and i n t e r n a t i o n a l  experience 
and n a t i o n a l  systems f o r  h e a l t h  c a r e  a r e  developing a s  compo- 
nen t s  of a s i n g l e  (al though r a t h e r  shapeless)  i n t e r n a t i o n a l  sys-  
t e m .  Elaborat ion of a genera l  theory of h e a l t h  c a r e  management 
i n  contemporary and rap id ly  changing cond i t ions  i s  e s p e c i a l l y  
necessary f o r  t h e  developing c o u n t r i e s  of Asia,  Afr ica  and Lat in  
America, which must bu i ld  up h e a l t h  systems wi th  extremely l i m -  
i t e d  resources  and f a c i l i t i e s :  they need r e a l l y  r e l i a b l e  recom- 
mendations. The s c i e n t i f i c  e l abora t ion  of h e a l t h  c a r e  i s  nec- 
e s sa ry  a l s o  i n  economically h ighly  developed s o c i e t i e s ,  where 
t h e  new economic, o rgan iza t iona l  and p o l i t i c a l  s i t u a t i o n  a r i s i n g  
from t h e  i n t e n s i f i c a t i o n  of economic and s o c i a l  progress  have 
g r e a t  q u a n t i t a t i v e  and q u a l i t a t i v e  e f f e c t  on t h e  economy and 
s o c i a l  l i f e .  



Among t h e  most impor tan t  " e x t e r n a l "  changes ,  which a f f e c t  
t h e  a c t i v i t y  of  h e a l t h  c a r e  e s t a b l i s h m e n t s  a r e :  

- Changes i n  t h e  economy; i n c r e a s i n g  complexi ty of i n t e r -  
n a t i o n a l  economic t i e s  and t h e  uneven i n d u s t r i a l i z a t i o n  
of  c e r t a i n  c o u n t r i e s  and r e g i o n s ;  i n c r e a s e  i n  t h e  speed 
of  communications and t r a n s p o r t ;  t h e  s c i e n t i f i c  and tech-  
n o l o g i c a l  r e v o l u t i o n  and t h e  agg rava t ion  of s o c i a l  and 
c l a s s  d i s t i n c t i o n s .  

- Rapid u r b a n i z a t i o n ;  g e n e r a l  i n c r e a s e  i n  educa t ion ;  psy- 
c h o l o g i c a l  s t r e s s e s  due t o  t h e  i nc reased  pace of  l i f e .  

- Rapid growth of  popu la t i on ;  involvement o f  women i n  so- 
c i a l  l abo r .  S i g n i f i c a n t  changes i n  t h e  age-group s t r u c -  
t u r e  o f  t h e  popu la t i on .  

- Rapid chemica l ,  p h y s i c a l  and b i o l o g i c a l  p o l l u t i o n  of  t h e  
environment. 

- Changes i n  t h e  s t a t e  of  h e a l t h  of  t h e  popu la t i on ;  changes 
i n  n u t r i t i o n ;  harmful  h a b i t s :  smoking, a l coho l i sm,  drug  
a d d i c t i o n  and s o  on. 

Among t h e  " i n t e r n a l "  changes a r e :  

- Inc reased  complexi ty and uneven development of medica l  
knowledge; r a p i d  growth of expend i tu re  f o r  medical  r e -  
s e a r c h .  

- Successes  i n  t h e  c o n t r o l  of  epidemic and communicable 
d i s e a s e s  i n  economical ly developed c o u n t r i e s ,  and a t  t h e  
same t ime  t h e i r  wide d i s t r i b u t i o n  i n  t h e  developing  coun- 
t r i e s ;  changes i n  t h e i r  g l o b a l  d i s t r i b u t i o n  i n  connec- 
t i o n  wi th  t h e  development of high-speed t r a n s p o r t  and 
popu la t i on  mig ra t ion .  

- I n c r e a s e  i n  t h e  c o s t  of  medical  c a r e :  t h e  e l a b o r a t e  new 
methods, i nc reased  l e v e l  of t e c h n i c a l  equipment, improve- 
ment of  medica l  e s t ab l i shmen t s .  

- I n s u f f i c i e n t  ( i n  many c o u n t r i e s )  number o f  s k i l l e d  doc- 
t o r s ,  s c i e n t i f i c  and a u x i l i a r y  pe r sonne l  and t h e  low 
t r a i n i n g  r a t e ;  t h e  development of  team methods f o r  pro-  
v i d i n g  medica l  c a r e ;  t h e  nega t ive  e f f e c t  of  t h e  " b r a i n  
dra in ' '  from developing  t o  h i g h l y  developed c o u n t r i e s .  

- The uneven d i s t r i b u t i o n  of medica l  a i d  between urban and 
r u r a l  popu la t i ons ,  and ( i n  many c o u n t r i e s )  between d i f -  
f e r e n t  s o c i a l  s t r a t a ;  t h e  a c t i v i t i e s  of t r a d e  unions  and 
o t h e r  o r g a n i z a t i o n s  i n  r ecogn iz ing  t h e  need t o  even o u t  
medica l  c a r e .  



A whole range o f  t h e o r e t i c a l  and p r a c t i c a l  problems i n  med- 
i c i n e  which p rev ious ly  i n t e r e s t e d  on ly  workers  i n  t h e  medical  
p r o f e s s i o n  and governments of  i n d i v i d u a l  c o u n t r i e s  have now gone 
beyond t h i s  framework and have become of  worldwide i n t e r e s t ;  
t h e i r  s o l u t i o n  depends on t h e  j o i n t  e f f o r t s  o f  t h e  governments 
o f  many c o u n t r i e s  and i n t e r n a t i o n a l  o r g a n i z a t i o n s .  

These problems inc lude :  

- Accelera ted  i n t e r n a t i o n a l  coo rd ina t ion  of medico-biolog- 
i c a l  s c i e n t i f i c  i n v e s t i g a t i o n s .  

- The c o n t r o l  of dangerous epidemic d i s e a s e s .  

- Prevent ion  and t r ea tmen t  of  widespread non-epidemic 
s e r i o u s  d i s e a s e s  ( c a r d i o v a s c u l a r ,  cancerous ,  h e r e d i t a r y ,  
e t c . ) ,  and s e r i o u s  p a r a s i t i c  d i s e a s e s  endemic t o  t r o p i -  
c a l  c o u n t r i e s  (onchoce rc i a s i s ,  s c h i s t o s o m i a s i s ,  f i l a r i -  
a s i s  and o t h e r s ) .  

- Medical a s p e c t s  of  p r o t e c t i n g  t h e  environment. 

- Ensuring e f f e c t i v e  c o n t r o l  over  t h e  q u a l i t y ,  s a f e t y ,  e f -  
f i c a c y  and s i d e  e f f e c t s  of  d rugs  and over  t h e  misuse of  
narcot ics . ,  psychot ropic  and o t h e r  drugs .  

- Provid ing  a i d  t o  t h e  developing  c o u n t r i e s  f o r  n a t i o n a l  
p u b l i c  h e a l t h  systems and f o r  t r a i n i n g  n a t i o n a l  personnel .  

- Study o f  t h e  dynamics o f  popula t ion  changes. 

Such a  broad range  of  medico-social  problems makes i n t e r -  
n a t i o n a l  coope ra t ion  i n  t h e  f i e l d  of  medicine and p u b l i c  h e a l t h  
necessa ry  and i n  p a r t i c u l a r ,  c a l l s  f o r  a  s i n g l e  o r  s i m i l a r  ter- 
minology and mutual c o m p a t i b i l i t y  of  c e r t a i n  l i n k s  i n  n a t i o n a l  
p u b l i c  h e a l t h  s e r v i c e s .  

I n  r e c e n t  y e a r s  many c o u n t r i e s  have accomplished a  g r e a t  
d e a l  i n  t h e  sys t em-s t ruc tu ra l  a n a l y s i s  of  p u b l i c  h e a l t h  and 
t h e r e  have been many p u b l i c a t i o n s  by WHO, WHA, e t c .  on t h e  sub- 
j e c t .  Here we emphasize t h e  s i g n i f i c a n c e  of  systems a n a l y s i s  
and modeling of  h e a l t h  c a r e  s e r v i c e s ,  n o t  j u s t  r e l a t i n g  p a r t s  
of  sys tems,  b u t  p r i m a r i l y  c o n s t r u c t i n g  a  g e n e r a l i z e d  conceptua l  
model ("macro-model1') o f  n a t i o n a l  h e a l t h  c a r e  systems which 
could  be  u t i l i z e d  i n  v a r i o u s  c o u n t r i e s  t o  o b t a i n  a  b e t t e r  under- 
s t a n d i n g  o f  t h e  development of  t h i s  system and i t s  management. 
We have r e p e a t e d l y  po in t ed  o u t  i n  WHO t h e  need f o r  such a  gener-  
a l  model j u s t  a s  one might r e f e r  t o  a  b a s i c  model of an  automo- 
b i l e ,  an a i r c r a f t  o r  some o t h e r  t e c h n i c a l  system. It should 
make p r o v i s i o n  f o r  a l l  t h e  b a s i c  b locks  and t h e  main elements  
o f  t h e i r  i n t e r r e l a t i o n s h i p .  

The fo l lowing s e c t i o n s  e l a b o r a t e  a  macro-model of n a t i o n a l  
h e a l t h  c a r e  produced by a  group of  S o v i e t  s p e c i a l i s t s  i n  s o c i a l  



hygiene ,  p u b l i c  h e a l t h  o r g a n i z a t i o n ,  systems a n a l y s i s  and math- 
e m a t i c a l  modeling of complex b i o l o g i c a l  and s o c i a l  systems.  Th i s  
work has  been conducted under  t h e  guidance  of  t h e  Council  on Sys- 
tems Ana lys i s  i n  Medicine under  t h e  USSR N a t i o n a l  Committee f o r  
Systems Ana lys i s .  

The macro-model i s  accepted  f o r  f u r t h e r  i n t e r n a t i o n a l  e labo-  
r a t i o n  and s tudy  w i t h i n  t h e  Biomedical p r o j e c t  of IIASA i n  c l o s e  
c o l l a b o r a t i o n  wi th  WHO. 

HEALTH CARE AS A DYNAMIC SYSTEM AND ITS MODELING 

Hea l th  c a r e  i s  a complex s o c i a l  dynamic f u n c t i o n a l  system 
c r e a t e d  and used by s o c i e t y  f o r  c a r r y i n g  o u t  s o c i a l  and medica l  
measures f o r  p r o t e c t i n g  and improving h e a l t h  and f o r  t h e  c o n t i n -  
uous accumulat ion o f  medica l  knowledge. 

I f  t h e  t a s k s  of  medic ine  a r e  t h r e e f o l d :  t o  unders tand  t h e  
human organism and p o s s i b l e  d i s e a s e s ,  t o  p reven t  t h e s e  d i s e a s e s  
and,  i f  t hey  do  occu r ,  t o  t r e a t  them, t h e n  p u b l i c  h e a l t h  should 
have t h e  fo l lowing  main goa l s :  

- The development o f  s c i e n t i f i c  medica l  r e s e a r c h ;  

- I n d i v i d u a l  and community p reven t ion  of d i s e a s e s ,  w i t h  
p r i o r i t y  f o r  t h e  h e a l t h  of  t h e  younger g e n e r a t i o n ,  and 
c o n t r o l  ove r  t h e  environment;  

- For t h e  e n t i r e  popu la t i on ,  a c c e s s  t o  t i m e l y  d i a g n o s i s  
and s k i l l e d  t r e a t m e n t  of d i s e a s e s  which occu r .  

Recogni t ion  t h a t  t h e s e  t h r e e  impor tan t  t a s k s  a r e  i n sepa ra -  
b l e  n o t  o n l y  i n  t h e o r y  b u t  i n  p r a c t i c e  remains d i f f i c u l t  f o r  
r e p r e s e n t a t i v e s  of  t h o s e  c o u n t r i e s  where t h e s e  f u n c t i o n s  a r e  
" t r a d i t i o n a l l y "  s e p a r a t e d .  The obvious  i m p o s s i b i l i t y  of  s o l v i n g  
q u e s t i o n s  o f  p r o t e c t i n g  and improving t h e  h e a l t h  o f  t h e  popula- 
t i o n  i n  a  p r i v a t e ,  pe r sona l  o r  semi-soc ia l  way l e d  f a r - s i g h t e d  
p u b l i c  h e a l t h  f u n c t i o n a r i e s  i n  a l l  c o u n t r i e s  t o  a  c o r r e c t  under- 
s t a n d i n g  of  t h e  mutual t i e s  and complexi ty of t h e  t a s k s  con f ron t -  
i n g  p u b l i c  h e a l t h .  

For  t h e  s u c c e s s f u l  development and f u n c t i o n i n g  of  p u b l i c  
h e a l t h  a s  a  s o c i a l  system c e r t a i n  socio-economic and o rgan iza -  
t i o n a l  c o n d i t i o n s  a r e  r e q u i r e d  : 

- An approach t o  t h e  p r o t e c t i o n  o f  t h e  p o p u l a t i o n ' s  h e a l t h  
n o t  a s  t h e  p r i v a t e  a f f a i r  o f  each pe r son ,  o r  t h e  p ro fe s -  
s i o n a l  a f f a i r  o f  d o c t o r s ,  b u t  a s  a  most impor t an t  t a s k  
of s o c i e t y  and t h e  S t a t e ,  demanding n o t  o n l y  s p e c i f i c  
a c t i o n s  by medica l  workers ,  b u t  t h e  r a t i o n a l  u s e  of  a l l  
a v a i l a b l e  means of s o c i e t y .  



- A c c e l e r a t e d  s o c i a l  and economic development  o f  t h e  
c o u n t r y  and u t i l i z a t i o n  o f  economic,  i n d u s t r i a l  and 
s c i e n t i f i c  ach ievements  a s  t h e  b a s i s  f o r  s t r e n g t h e n i n g  
t h e  t e c h n i c a l  b a s i s  o f  p u b l i c  h e a l t h .  

- F i n a l l y ,  t h e  a c c e l e r a t e d  growth o f  e d u c a t i o n  and c u l t u r e  
o f  t h e  p o p u l a t i o n  n e c e s s a r y  f o r  t r a i n i n g  a  s u f f i c i e n t  
number o f  s k i l l e d  m e d i c a l  p e r s o n n e l  who r e g a r d  t h e  c a u s e  
o f  p r o t e c t i n g  man's  h e a l t h  a s  a n  i m p o r t a n t  s o c i a l  d u t y ,  
and who would l i k e  t o  i n v o l v e  t h e  masses  i n  p r o t e c t i n g  
and improving  n a t u r a l  c o n d i t i o n s ,  l e a d i n g  a  h e a l t h y  way 
o f  l i f e  and  p a r t i c i p a t i n g  i n  s o l v i n g  p u b l i c  h e a l t h  ques-  
t i o n s .  

The Twenty-s ixth  World H e a l t h  Assembly gave  t h e  b a s i c  p r i n -  
c i p l e s  f o r  d e v e l o p i n g  n a t i o n a l  h e a l t h  sys tems:  

Among t h e  most e f f e c t i v e  p r i n c i p l e s ,  ... conf i rm-  
ed  by e x p e r i e n c e  i n  a  number o f  c o u n t r i e s  [and r e c -  
ommended] t o  a l l  Member C o u n t r i e s ,  h a v i n g  r e g a r d  t o  
t h e i r  own h i s t o r i c a l ,  s o c i a l ,  economic and o t h e r  con- 
d i t i o n s ,  [ a r e ]  ... t h e  p r o c l a m a t i o n  o f  t h e  r e s p o n s i b i l -  
i t y  o f  t h e  S t a t e  and s o c i e t y  f o r  t h e  p r o t e c t i o n  o f  t h e  
h e a l t h  o f  t h e  p o p u l a t i o n  ... t h e  e s t a b l i s h m e n t  o f  a  na- 
t i o n w i d e  sys tem o f  h e a l t h  s e r v i c e s . . . t h e  a d m i n i s t r a -  
t i o n  o f  t r a i n i n g  o f  n a t i o n a l  h e a l t h  p e r s o n n e l  a t  a l l  
l e v e l s . . . t h e  i n t e g r a t i o n  o f  c u r a t i v e  and p r e v e n t i v e  
s e r v i c e s  i n  a l l  m e d i c a l  and  h e a l t h  e s t a b l i s h m e n t s  and  
s e r v i c e s ,  emphas iz ing  t h e  p r o t e c t i o n  of  h e a l t h  o f  moth- 
ers and c h i l d r e n . . . t h e  p r o v i s i o n  f o r  t h e  whole popula -  
t i o n . . . ~ £  t h e  h i g h e s t  p o s s i b l e  l e v e l  o f  s k i l l e d ,  u n i -  
v e r s a l l y  a v a i l a b l e  p r e v e n t i v e  and c u r a t i v e  m e d i c a l  
c a r e ,  w i t h o u t  f i n a n c i a l  o r  o t h e r  impediments  ... t h e  
e x t e n s i v e  a p p l i c a t i o n  i n  e v e r y  c o u n t r y  o f  t h e  r e s u l t s  
o f  p r o g r e s s  i n  wor ld  m e d i c a l  r e s e a r c h  and p u b l i c  h e a l t h  
p r a c t i c e . .  . t h e  h e a l t h  e d u c a t i o n  o f  t h e  p u b l i c  and . .  . 
p e r s o n a l  and c o l l e c t i v e  r e s p o n s i b i l i t y  o f  a l l  members 
o f  s o c i e t y  f o r  p r o t e c t i n g  human h e a l t h .  

From h e r e  we may proceed  t o  a  f u n c t i o n a l - s t r u c t u r a l  a n a l y s i s  
o f  t h e  h e a l t h  c a r e  sys tem and i t s  management w i t h i n  t h e  framework 
o f  some d e f i n i t e  a d m i n i s t r a t i v e - t e r r i t o r i a l  u n i t  ( S t a t e ,  r e p u b l i c ,  
c i t y ,  e t c . ) .  Each o f  t h e s e  t e r r i t o r i e s  h a s  a lways  had some more 
o r  less deve loped  network o f  h e a l t h  c a r e  b o d i e s  and e s t a b l i s h -  
ments  w i t h  d i f f e r e n t  d e g r e e s  o f  c e n t r a l i z a t i o n .  The r e p o r t  o f  
t h e  N a t i o n a l  C o n s u l t a t i v e  C o u n c i l  on Medica l  P e r s o n n e l  i n  t h e  
U n i t e d  S t a t e s  (1  9 6 7 )  d e c l a r e s :  

The word s y s t e m  i s  c o n v e n i e n t  f o r  o u r  p u r p o s e s ,  
b u t  we r e a l i z e  t h a t  t h i s  t e r m  i s  i n a c c u r a t e ,  i f  we 
u n d e r s t a n d  it a s  t h e  p r e s e n c e  o f  a n  o r g a n i z e d ,  c o o r -  
d i n a t e d  a n d  p lanned  a g g r e g a t e  of  a c t i o n s .  Medica l  
a i d  i n  t h e  U n i t e d  S t a t e s  i s  r a t h e r  a  c o l l e c t i o n  o f  
b i t s  and p i e c e s  ( w i t h  o v e r l a p p i n g ,  d u p l i c a t i n g ,  b i g  



g a p s ,  h i g h  c o s t s  and was tage  o f  e f f o r t s )  t h a n  a n  
i n t e g r a t e d  sys tem i n  which needs  and  e f f o r t s  a r e  
i n t e r r e l a t e d .  

But  even  s o ,  t h i s  a g g r e g a t e  o f  e s t a b l i s h m e n t s  w i t h  d i f f e r e n t  
f u n c t i o n s  i s  a  sys tem,  and t h i s  was v i v i d l y  e x p r e s s e d  by 
W .  McNerny ( 1 9 7 4 )  who s a i d ,  " I f  t h i s  is n o t  a  sys tem ... t h e n  
t r y  t o  b r e a k  it". 

I n  s o c i a l i s t  c o u n t r i e s  a s  w e l l  a s  i n  G r e a t  B r i t a i n ,  Sweden 
and o t h e r s  t h e  s t r u c t u r e  o f  m e d i c a l  e s t a b l i s h m e n t s  and t h e i r  
f u n c t i o n s  is  more o r d e r l y ;  however,  i n  t h i s  c a s e  what i s  most 
i m p o r t a n t  i s  n o t  t h e  d e g r e e  o f  o r d e r l i n e s s ,  b u t  t h a t  i n  p r a c t i -  
c a l l y  any  c o u n t r y  it i s  p o s s i b l e  t o  d i s t i n g u i s h  s e v e r a l  main 
t y p e s  o f  m e d i c a l  e s t a b l i s h m e n t s  i n c l u d i n g  ( F i g u r e  1 )  : s c i e n t i f i c  
r e s e a r c h  e s t a b l i s h m e n t s  ( i n s t i t u t e s ,  l a b o r a t o r i e s ,  g r o u p s ,  e t c . ) ;  
h i g h e r  and secondary  m e d i c a l  e d u c a t i o n a l  e s t a b l i s h m e n t s ;  s a n i t a r y -  
a n t i e p i d e m i c  e s t a b l i s h m e n t s  e n s u r i n g  p r e v e n t i v e  and r o u t i n e  san-  
i t a r y  s u r v e i l l a n c e  and c o n d u c t i n g  a n t i e p i d e m i c  measures;  c u r a t i v e  
and p r e v e n t i v e  i n p a t i e n t  and o u t p a t i e n t  e s t a b l i s h m e n t s  which pro-  
v i d e  v a r i o u s  t y p e s  o f  m e d i c a l  c a r e  t o  t h e  l o c a l  p o p u l a t i o n  and 
t o  v i s i t o r s ;  p h a r m a c e u t i c a l ,  t e c h n i c a l ,  s u p p l y ,  r e p a i r  and o t h e r  
s e r v i c e s  and o r g a n i z a t i o n s .  F i n a l l y ,  e a c h  a r e a  h a s  a  h e a l t h  man- 
agement body which combines  s u b o r d i n a t i o n ,  a c c o r d i n g  t o  terri- 
t o r y ,  t o  t h e  c o r r e s p o n d i n g  l o c a l  b o d i e s  of S t a t e  power, a n d ,  
a c c o r d i n g  t o  b r a n c h  and f u n c t i o n ,  t o  h i g h e r - r a n k i n g  p u b l i c  h e a l t h  
b o d i e s .  

A l l  h e a l t h  c a r e  e s t a b l i s h m e n t s  l o c a t e d  i n  a  g i v e n  a r e a ,  ir- 
r e s p e c t i v e  o f  t h e i r  s u b o r d i n a t i o n ,  must o r i e n t a t e  t h e i r  f u n c t i o n s  
on t h e  needs  o f  t h e  p o p u l a t i o n  l i v i n g  i n  t h a t  a r e a ,  and a t  t h e  
same t i m e ,  e n s u r e  t h e  g o a l s  and t a s k s  o f  t h e  e n t i r e  sys tem of  
n a t i o n a l  p u b l i c  h e a l t h  a r e  m e t .  A lso  t h e y  must b e  p a r t  o f  d i f -  
f e r e n t  c e n t r a l i z e d  h i e r a r c h i e s  o f  s y s t e m s .  I n  s p i t e  o f  t h e  ob- 
v i o u s  i n t e r c o n n e c t i o n  and need f o r  a l l  t h e s e  f u n c t i o n s  and e s t a b -  
l i s h m e n t s ,  s i g n i f i c a n t  c o n t r a d i c t i o n s  and l a c k  of  c o o r d i n a t i o n  
a r e ,  i n  f a c t ,  n o t  i n f r e q u e n t l y  e n c o u n t e r e d  i n  t h e  a c t i v i t i e s  o f  
i n d i v i d u a l  h e a l t h  c a r e  e s t a b l i s h m e n t s  and s e r v i c e s .  A t  p r e s e n t  
t h e  q u e s t i o n  o f  c e n t r a l i z a t i o n  o r  d e c e n t r a l i z a t i o n  o f  p u b l i c  
h e a l t h  management i s  a  p o l i t i c a l l y  a c u t e  q u e s t i o n  f o r  many coun- 
tr ies.  

C o o r d i n a t i o n  and p l a n n i n g  of  s c i e n t i f i c  s t u d i e s  and t r a i n -  
i n g  o f  p e r s o n n e l  a r e  i m p o r t a n t  f u n c t i o n s ,  and b a s i c a l l y  o f  a  
c e n t r a l i z e d  n a t u r e .  P r e v e n t i v e  and a n t i e p i d e m i c  s e r v i c e s  must 
b e  b r o u g h t  a s  c l o s e  a s  p o s s i b l e  t o  t h e  p o p u l a t i o n ,  b u t  s h o u l d  
b e  c a p a b l e  o f  b e i n g  r a p i d l y  m o b i l i z e d  and c e n t r a l i z e d  i f  nec- 
e s s a r y  on a  n a t i o n a l  o r  i n t e r n a t i o n a l  l e v e l .  C u r a t i v e  and p r e -  
v e n t i v e  a i d  f o r  t h e  p o p u l a t i o n  i s  b u i l t  up b e s t  o f  a l l  on t h e  
p r i n c i p l e  o f  s t a g e - b y - s t a g e  d i a g n o s t i c  and c u r a t i v e  s e r v i c e s .  

Model ing h e a l t h  c a r e  s e r v i c e s  is a  c o m p l i c a t e d  m a t t e r ,  and  
t h e  model p roposed  h e r e  is  a b s t r a c t  and c o n d i t i o n a l .  However, 
it i s  s u f f i c i e n t l y  u n i v e r s a l  and a p p l i c a b l e  t o  t h e  s i t u a t i o n  i n  
any c o u n t r y :  l i k e w i s e ,  it may b e  used f o r  c o m p a r a t i v e  a n a l y s i s  
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of h e a l t h  c a r e  s e r v i c e s  and f u n c t i o n s  i n  d i f f e r e n t  c o u n t r i e s .  
Such an  a n a l y s i s  should bear i n  mind t h e  h i s t o r i c a l  evo lu t ion  
of  each t y p e  of  es tabl i shment  i n  t h e  v a r i o u s  c o u n t r i e s ,  and a l s o  
contemporary l e g i s l a t i v e  a c t s  and p r o j e c t s ,  making it p o s s i b l e  
t o  i d e n t i f y  more c l e a r l y  t h e  common f e a t u r e s  of such h e a l t h  c a r e  
bodies .  Otherwise an  a t tempt  t o  compare, f o r  example, t h e  USSR 
and t h e  USA would be g r e a t l y  complicated by t h e  socio-economic 
and p o l i t i c a l  d i f f e r e n c e s .  

A working group convened by t h e  WHO European Regional O f f i c e  
(Copenhagen, 1972) t o  s tudy t h e  exper ience  of h e a l t h  c a r e  plan- 
ning i n  Europe noted t h a t  s o c i a l i s t  c o u n t r i e s  have c e n t r a l i z e d  
p u b l i c  h e a l t h  systems; p l ans  f o r  p u b l i c  development form an in -  
t e g r a l  p a r t  of  t h e  o v e r a l l  S t a t e  p l ans  f o r  socio-economic devel -  
opment. Other c o u n t r i e s  (Belgium, t h e  Netherlands,  Great  B r i t a i n ,  
Turkey, France,  Sweden and c e r t a i n  o t h e r s )  have f a i r l y  ex tens ive  
p lanning processes ,  bu t  t h e s e  p l a n s  a r e  used more a s  b a s i c  guide- 
l i n e s .  The t h i r d  group of c o u n t r i e s  (Aus t r i a ,  I t a l y ,  and Spain)  
has on ly  l i m i t e d  elements of p u b l i c  h e a l t h  p lanning.  

The gene ra l  conceptual  model f o r  a  h e a l t h  c a r e  system pro- 
posed may a l s o  be used f o r  dev i s ing  more d e t a i l e d  h e a l t h  c a r e  
models of  i n c r e a s i n g  o p e r a t i o n a l  complexity,  both  downwards 
( t o  i n d i v i d u a l  e s t ab l i shmen t s )  , and upwards ( t o  t h e  e n t i r e  pub- 
l i c  h e a l t h  system of  a  c o u n t r y ) .  An impor tant  f e a t u r e  t o  be 
cons idered  when modeling h e a l t h  c a r e  systems is  t h e  complex 
m u l t i l i n k  n a t u r e ,  and t h e  excep t iona l ly  l a r g e  number of quan t i -  
t a t i v e  i n d i c e s  used f o r  h e a l t h  c a r e  admin i s t r a t ion .  These a r e  
d i f f i c u l t  t o  t a k e  i n t o  c o n s i d e r a t i o n  when us ing  t r a d i t i o n a l  
methods of  management. The complexity i s  aggravated by t h e  
s i g n i f i c a n t  de lay  (5-1 0 yea r s )  i n  t h e  e f f e c t  of most management 
d e c i s i o n s .  

The nex t  s t e p  i n  s p e c i f y i n g  t h e  b a s i c  f u n c t i o n s  of  a  h e a l t h  
c a r e  system i s  t o  d i v i d e  each f u n c t i o n  i n t o  s e v e r a l  t a s k s ;  a  
b lock diagram of a  h e a l t h  c a r e  system can then  be b u i l t . *  The 
b locks  r e f l e c t  t h e  b a s i c  f u n c t i o n s  of h e a l t h  c a r e  and a r e  d i v i d -  
ed i n t o  over 4 0  subblocks,  a l l  of  which a r e  component p a r t s  f o r  
r e a l i z i n g  t h e  corresponding h e a l t h  c a r e  f u n c t i o n s  and which some- 
t imes  r e f l e c t  t h e  sequence i n  which t h e  b a s i c  f u n c t i o n  i s  c a r r i e d  
o u t .  Fu r the r  d e t a i l i n g  of t h e  d a t a  of subblocks w i l l  n a t u r a l l y  
l e a d  t o  a  s p e c i f i c a t i o n  of  t h e  l i s t  of t a s k s  r e a l i z e d  by t h e  r e l -  
evan t  h e a l t h  c a r e  bodies  and e s t ab l i shmen t s .  

F igure  2, bes ides  t h e  h e a l t h  c a r e  system proper ,  shows 
t h r e e  new blocks:  

*See D.D. Venedictov (1976).  



- "Health of t h e  popu la t ion" ,  which i n c l u d e s  demographic 
i n d i c e s ,  p h y s i c a l  development, morb id i ty ,  d i s t r i b u t i o n  
of  d i s e a s e s  and d i s a b i l i t y ;  

- "Socio-economic c o n d i t i o n s " ,  which r e f l e c t s  t h e  number 
and composit ion of t h e  popu la t ion ,  t h e  l e v e l  of deve l -  
opment of i n d u s t r y ,  t r a n s p o r t  networks,  a g r i c u l t u r e ,  
s c i e n c e  and technology,  n a t i o n a l  income, t h e  n a t u r e  and 
l e v e l  of  n u t r i t i o n ,  t h e  s t anda rd  of  l i v i n g ,  t h e  sphe re  
of s e r v i c e s ,  educat ion ,  c u l t u r e ,  e t c . ;  

- "Natura l  cond i t ions" ,  which i n c l u d e s  c l i m a t e ,  landscape ,  
environmental  p o l l u t i o n  ( a i r ,  wa te r ,  s o i l ) ,  f l o r a  and 
fauna ,  e x i s t i n g  n a t u r a l  f o c i  of d i s e a s e s ,  e t c .  

These l a s t  two b locks  a r e  f a r  l e s s  d e t a i l e d  than  t h e  o t h e r s ,  
and a r e  desc r ibed  i n  a  p re l imina ry  way. 

Heal th  c a r e  a c t i v i t i e s  t a k e  p l a c e  i n  c o n d i t i o n s  c h a r a c t e r -  
i zed  by t h e  mutual i n f l u e n c e  of  t h e s e  b locks ;  t h e  system of 
mutual  i n f l u e n c e s  i s  i l l u s t r a t e d  i n  a  m a t r i x  whose dimensions 
a r e  42 x 42 (F igu re  2 ) .  Each l i n e  i n d i c a t e s  t h e  i n f l u e n c e  of  
an  element  w i th  a l l  t h e  o t h e r  elements  i n  t h e  block-diagram. 
The deg ree  of i n f l u e n c e ,  ob ta ined  by e x p e r t  a p p r a i s a l ,  was reg- 
i s t e r e d  i n  each ma t r ix  c e l l  by: s i g n i f i c a n t ,  symbol 2; no t i ce -  
a b l e ,  symbol 1 ;  d o u b t f u l ,  symbol -; none o r  s i g n i f i c a n t l y  low, 
no symbol. 

The f e a t u r e s  of  some t a s k s  depend on t h e  type  of t h e  e s t a b -  
l i shmen t  and t h e  h i e r a r c h i c a l  l e v e l  of  management. For example, 
i f  t h e  t a s k s  of  d i s t r i c t  (urban)  p u b l i c  h e a l t h  depar tments  i n -  
c l u d e  d i r e c t  o r g a n i z a t i o n  of medical  c a r e  f o r  t h e  popu la t ion ,  
ensu r ing  t h e  development of  p u b l i c  h e a l t h  e s t ab l i shmen t s  and 
t h e i r  m a t e r i a l - t e c h n i c a l  equipment, t hen  t h e  Min i s t ry  of  Heal th ,  
t h e  h i g h e s t  l e v e l  of management, i s  g iven  r e s p o n s i b i l i t y  f o r  
t h e  f u l f i l m e n t  of t h e  organiza t ional -methodologica l  f u n c t i o n s ;  
t h e  p r e p a r a t i o n  of a  p o l i c y  and of t h e  main t r e n d s  i n  t h e  devel -  
opment of  h e a l t h  c a r e  and medical  s c i ence .  I n  o t h e r  words, t h e  
h e a l t h  c a r e  bodies-- the management u n i t s  of t h e  system--have t h e  
t a s k  of ensu r ing  an opt imal  combinat ion of  h e a l t h  c a r e  f u n c t i o n s  
and e s t ab l i shmen t s .  

The sequence of e v e n t s  ( a lgo r i thm)  f o r  r e a l i z i n g  an envis -  
aged medical  program i s  shown i n  F i g u r e  3 .  The p r e p a r a t i o n  of 
such a  program fo l lows  g e n e r a l  p r i n c i p l e s  and t a k e s  i n t o  account  
t h e  s p e c i f i c  f e a t u r e s  of t h e  h e a l t h  c a r e  system. I n  t h i s  pro- 
c e s s  h e a l t h  c a r e  bodies  can a c t i v e l y  i n f l u e n c e  t h e  format ion  of  
t a s k s  and t h e  o r g a n i z a t i o n  of s c i e n t i f i c  medical  r e s e a r c h ,  a s  
w e l l  a s  t h e  t r a i n i n g  and d i s t r i b u t i o n  of personnel  and t h e  pro-  
v i s i o n  of m a t e r i a l - t e c h n i c a l  r e sources .  Each i n f l u e n c e  h a s  a  
p r o t r a c t e d  t ime l a g  (5-10 y e a r s ) ,  which f i t s  i n  w i th  t h e  t ime 
expected f o r  major changes t o  t a k e  p l a c e  i n  world l i v i n g  condi-  
t i o n s  (20-40 y e a r s ) .  Thus long-term planning  of h e a l t h  c a r e  
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s e r v i c e s  by a  systems approach and maximum u t i l i z a t i o n  of i m i -  
t a t i o n a l  dynamic models of a  branch i s  p o s s i b l e .  

An impor tant  c o n d i t i o n  f o r  a c t i v a t i n g  t h e  model i s  t h e  
e v a l u a t i o n  o f  t h e  s t a t u s  of b locks  and subblocks and t h e i r  i n -  
t e r a c t i o n  f o r  which a  l i s t  of  340  i n d i c e s ,  i nc lud ing  19 f o r  t h e  
h e a l t h  of  t h e  popu la t ion  and 167 f o r  p u b l i c  h e a l t h  has  been com- 
p i l e d .  I t  i s  n o t  complete, and moreover, i n c l u d e s  a  number of 
i n d i c e s  t h a t  a r e  n o t  complete.  So t h e  e f f i c a c y  of t h e  s e p a r a t e  
b locks  and subblocks cannot  be f u l l y  eva lua t ed .  

A t  t h e  Eighteenth  World Hea l th  Assembly i n  1965 it was pro- 
posed t h a t  q u a l i t a t i v e  i n d i c e s  c h a r a c t e r i z i n g  va r ious  a s p e c t s  o f  
p u b l i c  h e a l t h  and ob ta ined  by means of s c i e n t i f i c  i n v e s t i g a t i o n s  
should be regarded a s  normatives,  whi le  t h e  same i n d i c e s  ob ta in -  
ed by e m p i r i c a l  methods should be regarded a s  s t anda rds .  By 
examining t h e  a l t e r n a t i v e  ways of  o b t a i n i n g  normative v a l u e s  
w i t h  models it is  p o s s i b l e  t o  s e l e c t  opt imal  ways f o r  t h e  deve l -  
opment o f  t h e  system. 

For p repa r ing  submodels of  t h e  p u b l i c  h e a l t h  c a r e  system i n  
t h e  USSR, a  group of e x p e r t s  eva lua t ed  t h e  f u n c t i o n s  and sub- 
f u n c t i o n s  c h a r a c t e r i s t i c  of a l l  113 t y p e s  of bodies  and e s t ab -  
l i shmen t s ,  and t h e n  c l a s s i f i e d  them by s p e c i a l  a lgo r i thms  ob- 
t a i n e d  by computer. A s  a  r e s u l t ,  t hey  e s t a b l i s h e d  t h e  h i e ra rchy ,  
t r e n d s  and l e v e l s  of amalgamation i n  a l l  t y p e s  of  e s t ab l i shmen t s  
and could  i d e n t i f y  e s t ab l i shmen t s  wi th  s i m i l a r  f u n c t i o n s  and work 
o u t  l o c a l  submodels f o r  e s t ab l i shmen t s  o f  v a r i o u s  t y p e s  and ca-  
p a c i t i e s .  

A u n i f i e d  a d m i n i s t r a t i v e - t e r r i t o r i a l  p r i n c i p l e  f o r  deploy- 
i ng  t h e  network o f  e s t ab l i shmen t s  r e s u l t s ,  and t h e  e x i s t i n g  s i m i -  
l a r i t y  o f  f u n c t i o n s  i n  d i f f e r e n t  systems f o r  h e a l t h  c a r e  i n  var -  
i o u s  c o u n t r i e s  enab le s  t h e  pool ing  of e f f o r t s  on an i n t e r n a t i o n a l  
s c a l e  i n  r e s p e c t  of  modeling s o  a s  t o  ach ieve  t h e  common g o a l s .  

MATHEMATICAL APPROACH TO DEVELOPING A SIMULATION MODEL OF A 
HEALTH CARE SYSTEM 

The s imula t ion  model of a  h e a l t h  c a r e  system (SMHCS) i s  
based on t h e  g e n e r a l  block diagram of a  h e a l t h  c a r e  system (Fig- 
u r e  2 )  a s  d e s c r i b e d  above. 

F i r s t ,  t h e  c a u s e - r e s u l t  r e l a t i o n s  of t h e  block diagram a r e  
r ep resen ted  i n  t h e  form of equa t ions .  Secondly, t h e  s imu la t ion  
model r e f l e c t s  t h e  development of a system i n  t ime s o  t h a t  it 
may be  used t o  s tudy  probable  behavior  of t h e  system i n  t h e  fu-  
t u r e .  I n  doing  t h i s  account  is  t aken  of  i n h e r e n t  t ime- lags  i n  
informat ion  and m a t e r i a l  f lows.  These have cons ide rab le  i n f l u -  
ence  on t h e  behavior  of t h e  system a s  a  whole and i t s  s e p a r a t e  
subsystems. Th i rd ly ,  t h e  h e a l t h  c a r e  system is  rep resen ted  a s  
a  s e t  of i n t e r a c t i n g  s p e c i f i c  models each of which s i m u l a t e s  an  
independent  a s p e c t  of h e a l t h  c a r e  of subsystem a c t i v i t y .  



The s y n t h e s i s  o f  t h e  SMHCS presumes t h a t  a ccoun t  i s  t a k e n  
of  s c i e n t i f i c  a c t i v i t y ,  t h e  p r o v i s i o n  of  t r e a t m e n t ,  p r e v e n t i v e  
measures  and manage r i a l  a c t i v i t y  i n  t h e  r e a l  h e a l t h  c a r e  system. 
Each a s p e c t  i s  s i m u l a t e d  i n  a cco rdance  w i t h  a  s p e c i f i c  model. 
E f f e c t i v e  management r e q u i r e s  knowledge of t h e  p r e s e n t  and f u t u r e  
demand f o r  med i ca l  c a r e .  To o b t a i n  t h i s ,  a  s p e c i f i c  model i s  
c o n s t r u c t e d  i n  r e s p e c t  of  t h e  p o p u l a t i o n ' s  med i ca l  c a r e  r e q u i r e -  
ments .  

S t r u c t u r e  o f  t h e  Model--Certain D e f i n i t i o n s  

The SMHCS i m p l i e s  examining t h e  o v e r a l l  p i c t u r e  o f  t h e  
h e a l t h  s t a t u s  o f  t h e  p o p u l a t i o n  and t h e  need a r i s e s  t o  i n t r o -  
duce  t h e  f o l l o w i n g  new t e r m s .  The number of new c a s e s ,  bo th  
d e t e c t e d  and unde t ec t ed  p e r  1000 p o p u l a t i o n  f o r  a  g i v e n  t y p e  
of  d i s e a s e  ove r  a  c e r t a i n  p e r i o d  o f  t i m e ,  w i l l  be c a l l e d  " t h e  
t r u e  number o f  c a s e s  f o r  a  g i v e n  p e r i o d  p e r  1000 p o p u l a t i o n " .  
The t o t a l  number o f  p a t i e n t s  p e r  1000 p o p u l a t i o n  ( f o r  a  g i v e n  
t y p e  o f  d i s e a s e )  a t  a  g i v e n  t i m e  w i l l  be  c a l l e d  " t h e  t r u e  num- 
b e r  o f  p a t i e n t s  a t  a  g iven  t i m e  p e r  1000 p o p u l a t i o n " .  Not a l l  
p a t i e n t s  make u s e  of  med i ca l  s e r v i c e s  immedia te ly  a f t e r  t h e  on- 
set  of a  d i s e a s e  and s o  w e  d e a l  o n l y  w i t h  d e t e c t e d  ca se s - - t he  
concep t  o f  morb id i t y  and s i c k n e s s .  The remain ing  segment d e t e r -  
mines,  co r r e spond ing ly ,  " t h e  number o f  l a t e n t  c a s e s  f o r  a  g i v e n  
p e r i o d  pe r  1000 popula t ion ' '  and " t h e  number o f  l a t e n t  p a t i e n t s  
a t  a  g i v e n  t i m e  pe r  1000 p o p u l a t i o n " .  

When deve lop ing  a n  SMHCS t h r e e  d i f f e r e n t  s p e c i f i c  models  
o f  m o r b i d i t y  and s i c k n e s s  a r e  c o n s t r u c t e d  t o  d e a l  w i t h  t h r e e  
e s s e n t i a l l y  d i f f e r e n t  t y p e s  o f  d i s e a s e .  

The f i r s t  t y p e  o f  d i s e a s e  ( t h e  d e g e n e r a t i v e  d i s e a s e s )  a r e  
c h a r a c t e r i z e d  by a  s low o n s e t  f r e q u e n t l y  unno t i c ed  by t h e  pa- 
t i e n t ,  and  a  p r o t r a c t e d  development where t h e  p a t i e n t  f i r s t  
t e m p o r a r i l y  o r  p a r t i a l l y  l o s e s  h i s  working c a p a c i t y .  Trea tment  
o f  p a t i e n t s  a t  t h i s  s t a g e  can  s t i l l  l e a d  t o  f u l l  c l i n i c a l  r e -  
cove ry .  Then t h e  p a t i e n t  becomes c o n s i s t e n t l y  i n c a p a b l e  o f  
working and i r r e v e r s i b l e  p a t h o l o g i c a l  changes  t a k e  p l a c e .  Dia- 
b e t e s ,  men t a l  d i s e a s e s ,  a l c o h o l i s m ,  c e r t a i n  ma l ignan t  neoplasms,  
etc., a r e  examples o f  t h e s e  d i s e a s e s .  

Diseases  o f  t h e  second t y p e  a r e  t h o s e  a c u t e  (communicable) 
d i s e a s e s  a g a i n s t  which e f f e c t i v e  v a c c i n e s  o r  methods o f  t r e a t -  
ment e x i s t  and a r e  employed. 

Diseases  o f  t h e  t h i r d  t y p e  d o  n o t  have  means o f  e f f e c t i v e  
e a r l y  p r e v e n t i o n  and v a c c i n a t i o n  (examples: a c c i d e n t s ,  po ison-  
i n g s ,  e t c .  ) . 

L e t  u s  now c o n s i d e r  t h e  b a s i c  a s p e c t s  o f  a  p u b l i c  h e a l t h  
sys tem t a k e n  i n t o  accoun t  i n  t h e  SMHCS. C u r a t i v e  a c t i v i t y  con- 
sists i n  d e l i v e r i n g  med ica l  c a r e  t o  p a t i e n t s  a s  a r e s u l t  o f  
which r e s o u r c e s  a r e  u t i l i z e d  and t h e  h e a l t h  s t a t u s  o f  t h e  popu- 
l a t i o n  changes.  



P r e v e n t i v e  a c t i v i t y  i s  r e p r e s e n t e d  i n  t h e  SMHCS i n  two ways. 
F i r s t ,  e a r l y  c a s e  d e t e c t i o n  and r e f e r r a l  of p a t i e n t s  f o r  t r e a t -  
ment. Secondly ,  p r e v e n t i v e  a c t i o n  a g a i n s t  t h e  d i s e a s e ,  e .q .  
v a c c i n a t i o n s  of t h e  h e a l t h y  p o p u l a t i o n  and o t h e r  preventive 
measures .  

A d m i n i s t r a t i v e  a c t i v i t i e s  s t u d i e d  i n  a n  SMHCS a r e :  

- Pe r sonne l  policy--which means a d o p t i n g  management d e c i -  
s i o n s  conce rn ing  t h e  number and p r o p o r t i o n s  of  p e r s o n n e l  
r e s o u r c e s  s o  t h a t  p e r s o n n e l  and o t h e r  m a t e r i a l - t e c h n i c a l  
r equ i r emen t s  a r e  c o o r d i n a t e d .  

- P r e v e n t i v e  s c r e e n i n g  of t h e  p o p u l a t i o n  r e s u l t s  i n  an i n -  
c r e a s e  i n  d e t e c t i o n  of  p a t i e n t s  w i t h  t h e  i n i t i a l  symptoms 
o f  a  d i s e a s e  and s i n c e  t r e a t m e n t  o f  mi ld  c a s e s  i s  more 
e f f e c t i v e ,  e x p e n d i t u r e  is  c o r r e s p o n d i n g l y  reduced .  But 
a n  i n c r e a s e  i n  p r e v e n t i v e  s c r e e n i n g  l e a d s  t o  i n c r e a s e d  
e x p e n d i t u r e  on t h e  s c r e e n i n g  i t s e l f .  So a  b a l a n c e  h a s  
t o  be  s t r u c k .  

- Norms and s t a n d a r d s  f o r  e s t a b l i s h i n g  t h e  workloads of 
d o c t o r s ,  h o s p i t a l  bed r e q u i r e m e n t s ,  e tc.  may become ob- 
s o l e t e .  The SMHCS make it p o s s i b l e  t o  s t u d y  t h i s  and t o  
recommend changes.  

The o v e r a l l  s t r u c t u r a l  p a t t e r n  f o r  dec i s ion-making  w i t h  t h e  
SMHCS was g i v e n  e a r l i e r .  P r o c e s s e s  s p e c i f i c  f o r  p u b l i c  h e a l t h  
a r e  s imu la t ed  i n  t h e  SMHCS b lock .  The dynamics o f  development  
o f  a  h e a l t h  c a r e  system depends on t h e  s t a t e  o f  t h e  environment  
and on t h e  r e s o u r c e s  a l l o c a t e d  f o r  t h e  development  of a  p a r t i c -  
u l a r  b ranch .  C h a r a c t e r i s t i c s  most impor t an t  f o r  a  p u b l i c  h e a l t h  
sys tem,  such  a s  demographic s t r u c t u r e ,  s t a n d a r d  of  l i v i n g ,  edu- 
c a t i o n  and t h e  l e v e l  o f  economic development  a r e  s imu la t ed  i n  
t h e  co r r e spond ing  b lock .  The d e c i s i o n  maker s t u d i e s  t h e  proba- 
b l e  behav io r  o f  a  r e a l  h e a l t h  c a r e  sys tem under  t h e  proposed 
management p o l i c y  and t h e  q u a l i t y  o f  a l t e r n a t i v e  management de- 
c i s i o n s  c a n  b e  judged f o r  v a r i o u s  p o p u l a t i o n  r equ i r emen t s  i n  
r e s p e c t  o f  medica l  c a r e ,  m o r t a l i t y  i n  d i f f e r e n t  sex-age g roups ,  
c u r r e n t  e x p e n d i t u r e  i n  t h e  p u b l i c  h e a l t h  sys tem,  o v e r a l l  number 
o f  d o c t o r s ,  and s o  on.  

L e t  u s  now proceed t o  d e s c r i b e  t h e  f i r s t  v a r i a n t  o f  t h e  mod- 
e l  ( s e e  Appendix) and t h e  f l ow  c h a r t  (F igu re  4 ) .  Here, t h e  en- 
t i r e  p o p u l a t i o n  i s  r e p r e s e n t e d  i n  t h e  form of  t h r e e  g roups  bro-  
ken down i n t o  s t r a t a  a cco rd ing  t o  s e x  and a g e  ( i ndex  I )  and 
a c c o r d i n g  t o  phase s  of t h e  d i s e a s e  ( i ndex  J ) .  The HP g roup  rep-  
r e s e n t s  t h e  h e a l t h y  p o p u l a t i o n ,  t h e  LD g roup  l a t e n t  p a t i e n t s ,  
and t h e  RP group  r e g i s t e r e d  p a t i e n t s ,  i . e .  t h o s e  consuming pub- 
l i c  h e a l t h  r e s o u r c e s .  The numbers i n  t h e  s t r a t a  a r e  c a l c u l a t e d  
f o r  e ach  month. The dynamics of t h e  p o p u l a t i o n  i n  g roups  and 
between s t r a t a  is  r e p r e s e n t e d  by Equa t i ons  ( 1 )  - ( 3 ) .  





Trans fe r  from group LD t o  group RP i s  e f f e c t e d  a s  t h e  co r -  
responding h e a l t h  c a r e  r e s o u r c e s  ADR (14) a r e  r e l e a s e d  o r  in- 
c r eased ,  and it is  determined by t h e  v a r i a b l e  REAP ( 1 6 ) .  That 
p a r t  of t h e  popu la t ion  which has  app l i ed  f o r  medical  c a r e  AAS 
(18) i s  formed from t h o s e  u n r e g i s t e r e d  p a t i e n t s  who app l i ed  in-  

d i v i d u a l l y  AT ( 7 )  and from t h e  p a t i e n t s  who were d e t e c t e d  i n  
p reven t ive  sc reen ing  SD ( 9 ) .  The t o t a l  number o f  t h e  popu la t ion  
from groups LD and HP who have undergone p reven t ive  sc reen ing  f o r  
a  u n i t  of  t ime,  depends on t h e  amount of t e c h n i c a l  r e sources  a l -  
l o c a t e d  f o r  t h e s e  purposes ARS (24) and on t h e  number of  medical  
personnel  SDH ( 1 1 ) .  The p r o p o r t i o n  of  c u r a t i v e  TDH (12) and pre- 
v e n t i v e  SDH ( 1 1 )  a c t i v i t y  of medical  personnel  a r e  s e t  by t h e  
v a r i a b l e  TSP. The p ropor t ion  o f  medical personnel  d e l i v e r i n g  
i n p a t i e n t  and o u t p a t i e n t  c a r e  a r e  s e t  by t h e  v a r i a b l e  ATDH. The 
p o t e n t i a l  of  medical  personnel  engaged i n  c u r a t i v e  a c t i v i t y ,  ex- 
p re s sed  i n  d o c t o r s '  workloads, a r e  s e t  by t h e  v a r i a b l e  ADR ( 1 4 ) .  
The p o s s i b i l i t y  of  a d d i t i o n a l  workloads f o r  medical  personnel  
engaged i n  c u r a t i v e  a c t i v i t y  (hased on t h e  accepted  norms and 
s t a n d a r d s )  REA i s  determined from ( 1 7 ) .  I n  t h e  model, account  
i s  taken  of  t ime  l a g s  connected wi th  t h e  t r a i n i n g  of  medical  per-  
sonnel  STD, medical personnel  DOC leav ing  t h e  p u b l i c  h e a l t h  sys-  
tem, and d e l a y s  i n  t h e  d e l i v e r y  o f  t e c h n i c a l  r e sources  f o r  pre-  
v e n t i v e  sc reen ing  RETR ( 2 3 ) .  Current  and t o t a l  expend i tu re s  of  
t h e  h e a l t h  c a r e  system a r e  r ep resen ted  by t h e  fo l lowing v a r i a b l e s :  
FEXRS, REDS, REDT ( c u r r e n t )  and EXRS, EDSS, EDTS ( t o t a l )  . The 
index T i n  t h e  equa t ions  d e s i g n a t e s  c u r r e n t  t ime.  

Purpose of  Modeling 

The d e c i s i o n  maker who has  t o  develop  t h e  h e a l t h  c a r e  sys-  
tem must cons ide r  an extremely l a r g e  number of  f a c t o r s  f o r  any 
d e c i s i o n  he t a k e s .  It i s  very  d i f f i c u l t  t o  f i n d  t h e  b e s t ,  o r  
sometimes even an  a c c e p t a b l e  s o l u t i o n .  The s imula t ion  of  t h e  
development o f  t h e  r e a l  h e a l t h  c a r e  system wi th  a  model makes 
it p o s s i b l e ,  i n  g e n e r a l  t e r m s ,  t o  e s t a b l i s h  t r e n d s  i n  t h e  devel -  
opment of t h i s  system and,  i n  s o  doing ,  t o  improve t h e  procedure 
f o r  s e l e c t i n g  t h e  d e s i r e d  s o l u t i o n .  

Development of a  h e a l t h  c a r e  system means f i r s t ,  a  change 
i n  t h e  volume and p ropor t ions  of t h e  sys tem's  r e s o u r c e s  depend- 
ing  on t h e  changes i n  t h e  p o p u l a t i o n ' s  o v e r a l l  medical  c a r e  r e -  
qui rements ;  s e c o n d l y ,  a s  a  change i n  t h e  normative base  depend- 
ing  on changes i n  t h e  p o s s i b i l i t i e s  of s a t i s f y i n g  t h e  popula- 
t i o n ' s  medical  c a r e  requi rements ;  and t h i r d l y ,  a s  an i n c r e a s e  
i n  t h e  p ropor t ion  of  p reven t ive  a c t i v i t y  i n  t h e  o v e r a l l  volume 
o f  work i n  a  h e a l t h  c a r e  system. The SMHCS i n c l u d e s  t h e  t h r e e  
above-mentioned i n t e r r e l a t e d  a s p e c t s  of  development, and a l s o  
a l lows f o r  i n t e r a c t i o n  of t h e  d e c i s i o n  naker and t h e  SMHCS. 

Task-Set t ing  

I n s t a n c e s  of s p e c i f i c  t a s k - s e t t i n g  and t h e  r e s u l t s  ob ta ined  
w i l l  be  d i scussed  i n  subsequent  p u b l i c a t i o n s .  Here we g i v e  an  
example. 



Let  t h e  c o s t  o f  t r e a t i n g  one p a t i e n t  f o r  a  u n i t  of t ime  i n  
phase A of  a  t y p e  1 d i s e a s e  be r e p r e s e n t e d  a s  CA, and phase B 

as CB, and i n  phase C a s  CC. Let  u s  t a k e  [O,T] a s  t h e  i n t e r v a l  
- 

of  t ime  f o r  which t h e  behavior  o f  t h e  system i s  s t u d i e d .  I n  a  
u n i t  o f  t ime v E (0,T) t h e  p u b l i c  h e a l t h  system has  A p a t i e n t s  
d e t e c t e d  P A ( v ) ,  B p a t i e n t s  PB(v )  and C p a t i e n t s  P C ( v ) .  The c o s t  

- - - 

of  t h e i r  s e r v i c i n g  p e r  u n i t  t ime is  shown i n  t h e  fo l lowing:  

where 

and ( * , * )  d e n o t e s  t h e  s c a l a r  p roduc t  of  two v e c t o r s .  

T o t a l  expend i tu re s  o f  t h e  p u b l i c  h e a l t h  system on t r ea tmen t  
d u r i n g  t h e  pe r iod  [O,T] w i l l  be a s  fo l l ows :  

With t h e  i n c r e a s e  i n  t h e  volume of  p reven t ive  s c r een ing ,  t h e r e  
i s  an  i n c r e a s e  i n  t h e  r e l a t e d  expendi tures :  

S  where Pv i s  t h e  number of t h e  popu la t i on  s u b j e c t  t o  p r e v e n t i v e  

s c r e e n i n g ,  and cS i s  t h e  c o s t  f o r  a  p r e v e n t i v e  s c r een ing  i n  a  v 
u n i t  o f  t ime.  

However, w i th  t h e  i n c r e a s e  i n  t h e  volume of  p r e v e n t i v e  
s c r e e n i n g ,  t h e r e  must a l s o  be an i n c r e a s e  i n  t h e  r a t i o  of  d e t e c t -  
ed p a t i e n t s  t o  o v e r a l l  p a t i e n t s .  I f  we a r e  t o  de te rmine  

T  CA < CB < CC, it may happen t h a t  an i n c r e a s e  i n  S2 i n  a  c e r t a i n  



T i n t e r v a l  of  t i m e  l e a d s  t o  a  d e c r e a s e  i n  S, . Moreover, it may 

happen t h a t  w i t h  a n  i n c r e a s e  of S: t h e r e  i s  a  d r o p  i n  t h e  t o t a l  

expend i tu re  on t r e a t m e n t  and p reven t ion  S  T T T = S 1 + S 2  . 
The t a s k  i s  t o  de t e rmine ,  i f  we t a k e  CAI CB, CC, C a s  con- 

c r e t e  v a l u e s  and presuppose c e r t a i n  t a c t i c s  f o r  p r e v e n t i v e  
s c r een ing :  

- A t  what va lue ,  of ST = ST* t h e  o v e r a l l  expend i tu re s  S  T 

prove minimal; 

- What is t h e  i n f l u e n c e  of  ST on o t h e r  i n d i c e s  of t h e  

e f f i c a c y  of a c t i v i t y  of  a  p u b l i c  h e a l t h  system, f o r  
example, on t h o s e  r e l a t i n g  t o  g e n e r a l  m o r t a l i t y ,  t h e  
p r o p o r t i o n  o f  r e c o v e r i e s ,  g e n e r a l  morb id i ty  and mor- 
b i d i t y  i n  phases ,  e t c .  

Th i s  example a l s o  i l l u s t r a t e s  t h a t  t h e  t a k i n g  of  d e c i s i o n s  
i n  s e l e c t i n g  an  a c c e p t a b l e  p o l i c y  f o r  p r e v e n t i v e  s c r e e n i n g  is  
made n o t  o n l y  on t h e  b a s i s  of t h e  c o s t  c r i t e r i a  of  p r e v e n t i v e  
a c t i v i t y .  Such a  s i t u a t i o n  i s  t y p i c a l  f o r  a  p u b l i c  h e a l t h  sys-  
tem. 

Working w i t h  t h e  Model 

The d e c i s i o n  maker develops  c e r t a i n  hypotheses  about  t h e  
f u t u r e  behavior  of  t h e  environment, about  l i m i t a t i o n s  on manage- 
ment,  and about  c e r t a i n  parameters  of t h e  SMHCS. These may be 
hypotheses  concern ing  t r e n d s  i n  b i r t h  r a t e s ,  changes i n  t h e  
dynamics of  r e g i s t e r e d  morb id i ty  w i t h  t h e  i n t r o d u c t i o n  of more 
e f f e c t i v e  d rugs ,  t r e n d s  i n  morb id i ty  and s o  on. The i n i t i a l  
hypotheses  and t h e  management v a r i a n t s  s t u d i e d  a r e  formal ized  
and,  t o g e t h e r  w i t h  o t h e r  i n i t i a l  d a t a ,  a r e  p u t  i n t o  t h e  model. 
The r e s u l t s  o f  c a l c u l a t i o n s  a r e  v i s u a l i z e d  i n  t h e  t e r m i n a l s  
( l i n e - p r i n t e r ,  CRT, e t c . )  i n  accordance wi th  t h e  requi rements  
o f  t h e  consumer. These r e s u l t s  form t h e  b a s i s  on which t h e  
d e c i s i o n  maker adop t s  t h e  d e c i s i o n s .  

The Development D i r e c t i o n  

A t  p r e s e n t ,  work on t h e  development of  t h e  model i s  con- 
c e n t r a t e d  on a  d e t a i l e d  mathemat ica l  d e s c r i p t i o n  of t h e  fo l low-  
i n g  s e c t o r s :  

- Dynamics of popu la t i on  p reva l ence ,  w i t h  t h e  d i s e a s e s  o f  
t h e  f i r s t  t ype  t aken  a s  an  example; 

- Consumption of HCS r e s o u r c e s  and i t s  i n f l u e n c e  on prev- 
a l e n c e  dynamics. S p e c i a l  a t t e n t i o n  i s  pa id  t o  t h e  con- 
sumption of  HCS r e s o u r c e s  f o r  p r e v e n t i v e  c a r e ;  

- E f f e c t s  of  e x t e r n a l  subsystems on morb id i ty  r a t e .  



The d e s c r i p t i o n  of  prevalence  dynamics is  based on t h e  
fo l lowing hypotheses:  

Hypothesis 1 :  Genera l ly ,  prevalence  dynamics i n  t h e  absence 
o f  HCS r e s o u r c e  consumption is desc r ibed  by: 

where H is  t h e  hea l thy  cond i t ion ;  A ,B ,  and C a r e  phases of a 
d i s e a s e ;  and D is dea th .  

The t ime o f  a p a t i e n t ' s  s t a y  i n  any c o n d i t i o n ,  

is  c h a r a c t e r i z e d  by random t i m e  T ~ .  The mean v a l u e s  and d i s -  

pe r s ions  of  T~ a r e  known and s u f f i c i e n t l y  d e s c r i b e  t h e  d i s t r i -  

bu t ion  o f  T ~ .  

Hypothesis 2: The prevalence  dynamics, when HCS r e s o u r c e  
consumption t a k e s  p l ace ,  i s  desc r ibed  by: 

o r  by: 

where RA and Rg a r e  t h e  remiss ion  c o n d i t i o n s  i n  t h e  phases A 

and B ,  r e s p e c t i v e l y .  The t ime a p a t i e n t  spends i n  each o f  t h e  
c o n d i t i o n s  

1 i s  determined by a random v a l u e  T ~ .  Means and d i s p e r s i o n s  of 
1 

T~ v a l u e s  a r e  a l s o  cons idered  a s  known and s u f f i c i e n t l y  w e l l  

d e s c r i b i n g  t h e  d i s t r i b u t i o n .  



I 
Note 1 :  r1 , r2 ,  and r2  do n o t  r e f l e c t  ag ing  o f  popu la t ion  

and r e q u i r e  f u r t h e r  d e t a i l i n g .  

Note 2: E f f e c t s  o f  r e s o u r c e  consumption on prevalence  
dynamics cou ld  be  understood a s  fo l lows:  

- Treatment  o f  a  p a t i e n t  ( i .e.  h i s  consumption of  HCS r e -  
sou rces )  a l l ows  f o r  h i s  t r a n s f e r  i n t o  an e a s i e r  phase 
of  a  d i s e a s e  ( f o r  i n s t a n c e ,  t h e  t r a n s f e r  A + B ) .  Th i s  
is  imposs ib le  i f  HCS r e s o u r c e  consumption does  no t  t a k e  
p l ace .  

- Treatment of a  p a t i e n t  a l l ows  f o r  a  change i n  t h e  l e n g t h  
o f  h i s  s t a y  i n  any p o s s i b l e  phase of a  d i s e a s e .  

Research i n t o  t h e  dynamics of popu la t ion  prevalence  r e q u i r e s  
knowledge o f  t h e  dynamics o f  t h e  age-sex s t r u c t u r e  of  a  popula- 
t i o n  i n  a  g iven  r eg ion .  A computer method f o r  p r o j e c t i n g  t h e  
sex-age s t r u c t u r e  of  a  popu la t ion  has  been dev i sed  (Klementiev, 
1976)  i n  which m o r t a l i t y  and b i r t h  r a t e  a r e  cons idered  a s  con- 
s t a n t s .  I n  f u r t h e r  development of  t h e  model, t h e  e f f e c t s  of  
HCS a c t i v i t y  on t h e  parameters  w i l l  be t aken  i n t o  account .  

THE FUNDAMENTALS AND GOALS OF HEALTH CARE MODELING 

Dynamic modeling of h e a l t h  c a r e  systems i s  s t i l l  i n  i t s  
in fancy ,  b u t  even today it is  obvious t h a t  t h i s  method may g i v e  
s p e c i a l i s t s  and p u b l i c  h e a l t h  o r g a n i z e r s  much v a l u a b l e  m a t e r i a l  
f o r  unders tanding  and s o l v i n g  problems of o r g a n i z a t i o n  of  h e a l t h  
c a r e  f o r  t h e  popula t ion .  I t  has  p a r t i c u l a r  promise i n  e i g h t  
f i e l d s  : 

1. Spec i fy ing  t h e  concept  o f  h e a l t h  and t h e  q u a n t i t a t i v e  
c h a r a c t e r i s t i c s  o f  a  h e a l t h y  s t a t u s  of  i n d i v i d u a l s  and 
e n t i r e  popu la t ions .  The d i f f i c u l t i e s  of  making an  ob- 
j e c t i v e  e v a l u a t i o n  o f  t h e  h e a l t h  s t a t u s  o f  i n d i v i d u a l s ,  
f a m i l i e s ,  and popu la t ions  a r e  w e l l  known and widely 
d i s c u s s e d ,  and use  i s  s t i l l  made of  t r a d i t i o n a l  demo- 
g raph ic  i n d i c e s ,  a s  w e l l  a s  d a t a  on t h e  c a u s e s  of  d e a t h ,  
morbid i ty  and t h e  p h y s i c a l  development of  t h e  popula t ion .  
To a c o n s i d e r a b l e  e x t e n t  t h e s e  i n d i c e s  s t i l l  j u s t i f y  
themselves ,  b u t ,  i n  t h e  f u t u r e  t h e i r  drawbacks w i l l  be- 
come more and more ev iden t .  That  i s  why t h e  e l a b o r a t i o n  
of  new comprehensive i n d i c e s  o r  a  s i n g l e  u n i f i e d  index 
must be c a r r i e d  o u t .  

2. S p e c i f i c a t i o n  o f  t h e  l i n k s  between t h e  h e a l t h  c a r e  sec-  
t o r  and o t h e r  sphe res  o f  s o c i a l  l i f e .  What f o r c e s  and 
funds  must human s o c i e t y  op t ima l ly  expend on t h e  needs 
of  h e a l t h  c a r e  and secondly ,  how a r e  t h e  r e s o u r c e s  a l -  
l o c a t e d  f o r  h e a l t h  c a r e  t o  be s p e n t  most r a t i o n a l l y  and 
wi th  maximum e f f e c t ?  The h e a l t h  c a r e  s e c t o r ,  a l t hough  



no t  p roduc t ive ,  n e v e r t h e l e s s  has  a  tremendous impact  on 
a l l  sphe res  of  pub l i c  l i f e ,  p re se rv ing  l abo r  r e s o u r c e s  
and a f f e c t i n g  product ion ,  t h e  s o c i a l  c l i m a t e ,  e t c .  We 
f e e l  t h a t  a t t e n t i o n  should be devoted t o  t h e  t h e o r e t i c a l  
a s p e c t s  o f  t h e  problem of h e a l t h  c a r e  economics s i n c e  
d i r e c t  " p r a c t i c a l "  c o n s i d e r a t i o n s  ( cho ice  of methods of 
t r e a t m e n t  depending on t h e i r  c o s t ,  t h e  economic j u s t i f i -  
c a t i o n  o f  t r ea tmen t  of e l d e r l y  people  o r  t e rmina l  c a s e s ,  
e t c . )  could  prove extremely dangerous.  There a r e  econ- 
omis t s  who c l a i m  t h a t  even f o r  t h e  economy a s  such one 
must n o t  t a k e  a  pu re ly  economic approach,  and t h i s  i s  
e s p e c i a l l y  t r u e  f o r  h e a l t h  c a r e :  human l i f e  and h e a l t h  
cannot  be  d i r e c t l y  expressed  i n  monetary u n i t s .  Never- 
t h e l e s s ,  one must t a k e  i n t o  c o n s i d e r a t i o n  a l l  t h e  a v a i l -  
a b l e  r e sources  and p l an  t o  make u s e  of  them most e f f e c -  
t i v e l y .  

3 .  S p e c i f i c a t i o n  of  t h e  r o l e  of  h e a l t h  c a r e  f a c t o r s  i n  
de termining  t h e  l e v e l  of  h e a l t h  of  t h e  popu la t ion .  Be- 
cause  of  t h e  impor tant  r o l e  socio-economic f a c t o r s  p l a y  
i n  de termining  t h e  l e v e l  o f  t h e  p o p u l a t i o n ' s  h e a l t h ,  
c e r t a i n  s p e c i a l i s t s  go  t o  t h e  o t h e r  extreme and con- 
s c i o u s l y  o r  unconsc ious ly ,  b e l i t t l e  t h e  r o l e  o f  p u b l i c  
h e a l t h  f a c t o r s .  Although measures o u t s i d e  t h e  sphe re  
of  p u b l i c  h e a l t h  a r e  undoubtedly a  necessary  c o n d i t i o n ,  
and can  p l a y  a  d e c i s i v e  r o l e  i n  improving p u b l i c  h e a l t h ,  
t h e  e n e r g e t i c  and purposefu l  implementat ion of  h e a l t h  
c a r e  measures can  have a  f avorab le  e f f e c t  on t h e  popu- 
l a t i o n ' s  h e a l t h  when t h e  socio-economic measures has  
y e t  t o  be f e l t .  

4. Analys is  of  t h e  e x i s t i n g  c r i t e r i a  f o r  e f f e c t i v e  manage- 
ment of p u b l i c  h e a l t h  s e r v i c e s ,  and f o r  t h e  a c t i v i t y  of  
h e a l t h  c a r e  bodies .  It i s  u n l i k e l y  t h a t  new comprehen- 
s i v e  c r i t e r i a  f o r  e v a l u a t i n g  t h e  e f f i c a c y  of  a  p u b l i c  
h e a l t h  system w i l l  appear  i n  t h e  immediate f u t u r e ,  b u t  
a  s e r i o u s  systems a n a l y s i s  of  t h e  i n d i c e s  be ing  used 
now could  b r ing  u s  s i g n i f i c a n t l y  c l o s e r  t o  r e s o l v i n g  
t h i s  impor tant  t a s k .  It is promising t o  compare t h e  
i n d i c e s  used i n  d i f f e r e n t  c o u n t r i e s  t o  d e s c r i b e  t h e  ac-  
t i v i t i e s  of  h e a l t h  c a r e  s e r v i c e s  and e s t ab l i shmen t s ,  and 
t o  s i n g l e  o u t  t h o s e  which can  be used e q u a l l y  i n  any s y s  
t e m  a s  a  f i r s t  s t e p  towards fo rmula t ing  more g e n e r a l  and 
u n i v e r s a l  c r i t e r i a .  Attempts should a l s o  be made t o  
i d e n t i f y  c r i t e r i a  which would n o t  on ly  d e s c r i b e  an  ac-  
t i v i t y ,  bu t  would a l s o  h e l p  u s  t o  a r r i v e  a t  a  judgement 
of  i t s  e f f i c a c y ,  and t o  make opt imal  d e c i s i o n s  abou t  
c o r r e c t i v e  measures. 

5. The.developmeqt of  an  improved " h e a l t h  informat ion  s e r -  
viceu--an a n a l y s i s  of a l l  t h e  s c i e n t i f i c ,  s t a t i s t i c a l ,  
p r i n t e d ,  r e p o r t e d ,  management and o t h e r  informat ion  
a v a i l a b l e  i n  n a t i o n a l  and i n t e r n a t i o n a l  p u b l i c  h e a l t h  
systems.  Many c o u n t r i e s  have succeeded i n  speeding up 



t h e  p rocess ing  of t r a d i t i o n a l  s t a t i s t i c a l  and o t h e r  d a t a  
wi th  t h e  a i d  of computers bu t  t h e s e  have been l o c a l  i n f o r -  
mation p rocess ing  systems cove r ing  i n d i v i d u a l  medical  es -  
t ab l i shmen t s  o r  t y p e s  of  a c t i v i t y ,  w i th  t h e  subsequent  
build-up and u n i f i c a t i o n  of l o c a l  systems i n t o  r e g i o n a l  
o r  even n a t i o n a l  systems.  

A t  p r e s e n t  t h e r e  a r e  two t r e n d s  i n  t h e  a p p l i c a t i o n  o f  
computers i n  medicine:  f i r s t ,  f o r  ana lyz ing  and manag- 
i n g  b i o l o g i c a l  systems (modeling of b i o l o g i c a l  systems,  
automation of  c l i n i c a l  and l a b o r a t o r y  i n v e s t i g a t i o n s ,  
automated d i a g n o s i s  of  d i s e a s e s ) ;  and secondly ,  f o r  t h e  
management of p u b l i c  h e a l t h  a s  a  s o c i a l  system (process-  
i ng  of  s t a t i s t i c a l  d a t a  and primary c a r r i e r s  of medical  
informat ion ,  management of h o s p i t a l s  and o t h e r  e s t a b l i s h -  
ments, s c i e n t i f i c  medical  i n fo rma t ion ,  economic a n a l y s i s  
and f o r e c a s t i n g  i n  p u b l i c  h e a l t h  and s o  on) (F igure  5 ) .  
Moreover, b e s i d e s  b u i l d i n g  informat ion  and management 
systems according  t o  f u n c t i o n ,  a  number o f  c o u n t r i e s  a r e  
developing  comprehensive s e r v i c e  according  t o  t e r r i t o r y ,  
which undoubtedly i s  an  impor tant ,  bu t  much more d i f f i -  
c u l t  t a s k .  D i f f e rences  i n  methods of  computer u t i l i z a -  
t i o n  i n  h e a l t h  c a r e ,  t h e  l a c k  of  comparab i l i t y  of  i n i -  
t i a l  and f i n a l  d a t a ,  t h e  i n c o m p a t i b i l i t y  o f  systems f o r  
t h e  mechanical p rocess ing  of  medical  informat ion ,  e t c .  
a r e  be ing  f e l t  i n c r e a s i n g l y ,  and s o  t h e  e s t ab l i shmen t  
o f  u n i f i e d  p r i n c i p l e s  f o r  p rocess ing  t h e  h e a l t h  i n f o r -  
mation o f  d i f f e r e n t  c o u n t r i e s  i n  o r d e r  t o  f a c i l i t a t e  
exchange o f  informat ion  and coope ra t ion  i s  a n  impor tant  
t a s k  f o r  WHO and IIASA. 

6. Appra i sa l  o f  f u t u r e  h e a l t h  c a r e  development by modeling 
t h e  b a s i c  t endenc ie s  i n  h e a l t h  development i n  d i f f e r e n t  
p o l i t i c a l  and s o c i a l  c o n d i t i o n s ,  and t a k i n g  i n t o  con- 
s i d e r a t i o n  t h e  development of  human s o c i e t y  and systems 
of  n a t i o n a l  and i n t e r n a t i o n a l  h e a l t h  c a r e .  A t  p r e s e n t ,  
many c o u n t r i e s  a r e  p repa r ing  f o r e c a s t s  f o r  economy, s c i -  
ence and technology up t o  2000. Such work i s  a l s o  be ing  
conducted i n  t h e  h e a l t h  f i e l d ,  b u t  n o t  t a k i n g  i n t o  con- 
s i d e r a t i o n  a l l  t h e  complex i n t e r r e l a t i o n s h i p s  between t h e  
h e a l t h  c a r e  system, i t s  subsystems and a l l  sphe res  of  
s o c i a l  l i f e .  Th i s  t o o  i s ,  a t a s k  f o r  WHO and IIASA. 
Evident ly  we need t o  draw up h e a l t h  f o r e c a s t s  f o r  t h r e e  
main a r e a s :  

- Development of  medico-bio logica l  s c i e n c e ;  

- The c o n d i t i o n s  of  s o c i a l  l i f e ;  

- The development o f  n a t i o n a l  and i n t e r n a t i o n a l  h e a l t h  
c a r e  systems. 

7. The c o n s t r u c t i o n  of  mode1.s of i n d i v i d u a l  b locks  and se r -  
v i c e s  o f  hea th  c a r e  ("micro-models") a p p l i c a b l e  t o  



A
N

A
L

Y
S

IS
 

A
N

D
 

C
O

N
T

R
O

L 

O
F

 
B

IO
L

O
G

IC
A

L
 

S
Y

S
T

E
M

S
 

M
O

D
E

L
IN

G
 

B
IO

L
O

G
IC

A
L

 
S

Y
S

T
E

M
S

 
A

N
D

 
IN

V
E

S
T

I-
 

G
A

T
IN

G
 

T
H

E
IR

 
F

U
N

C
- 

T
IO

N
IN

G
 

A
U

T
O

M
A

T
IO

N
 

O
F

 
C

L
IN

I-
 

C
A

L
 

A
N

D
 

L
A

B
O

R
A

T
O

R
Y

 
IN

V
E

S
T

IG
A

T
IO

N
S

 

A
U

T
O

M
A

T
E

D
 

D
IA

G
N

O
S

IS
 

O
F

 
D

IS
E

A
S

E
S

 

L
O

N
G

-T
E

R
M

 
M

O
N

IT
O

R
- 

IN
G

 O
F

 
P

A
T

IE
N

T
S

, 
F

O
R

E
C

A
S

T
IN

G
 

T
H

E
 

C
O

U
R

S
E

 
O

F
 

T
H

E
 

D
IS

E
A

S
E

S
 

A
N

A
L

Y
S

IS
 

A
N

D
 

M
A

N
A

G
E

- 

M
E

N
T

 
O

F
 

H
E

A
L

T
H

 
C

A
R

E
 

C
E

S
S

IN
G

 
O

F
 

P
R

IM
A

R
Y

 
H

E
A

L
T

H
 

D
O

C
U

M
E

N
T

S
 

A
L

 
S

Y
S

T
E

M
S

 

I 

M
A

N
A

G
E

M
E

N
T

 
O

F
 

H
O

S
P

IT
A

L
S

, 
P

O
L

Y
- 

C
L

IN
IC

S
, 

E
T

C
. 

M
A

N
A

G
E

M
E

N
T

 
O

F
 

D
R

U
G

S
, 

E
Q

U
IP

M
E

N
T

 
& 

O
T

H
E

R
 

S
U

P
P

L
IE

S
. 

M
A

N
A

G
E

M
E

N
T

 
O

F
 

P
E

R
S

O
N

N
E

L
. 

I 
P

R
O

C
E

S
S

IN
G

 
O

F
 

R
E

S
E

A
R

C
H

 
& 

S
T

A
N

- 
D

A
R

D
-S

E
T

T
IN

G
 

IN
F

O
R

M
A

T
IO

N
. 

P
R

O
C

E
S

S
IN

G
 

O
F

 
F

IN
A

N
C

IA
L

 
& 

E
C

O
- 

N
O

M
IC

 
D

A
T

A
. 

I 

W
O

R
L

D
W

ID
E

 
E

P
I-

 
D

E
M

IO
L

O
G

IC
A

L
 

S
U

R
V

E
IL

L
A

N
C

E
 

IN
F

O
R

M
A

T
IO

N
 A

N
D

 
R

E
S

E
A

R
C

H
 

C
O

O
R

D
I-

 
N

A
T

IO
N

 
S

Y
S

T
E

M
S

 

S
T

A
T

IS
T

IC
S

, 
S

T
A

N
D

A
R

D
-S

E
T

T
IN

G
, 

L
E

G
IS

L
A

T
IO

N
, 

E
T

C
. 

Fi
gu

re
 5

. 
U

se
 o

f 
co

m
pu

te
rs

 in
 m

ed
ic

in
e.

 



conditions in different countries and to different re- 
quirements, so that they gradually become closer to 
each other and finally link up. The USSR and other so- 
cialist countries are already tackling a task of a high- 
er level--the optimization at the present level of man- 
agement of the existing State system of public health 
care. Since 1968, the USSR has been building a comput- 
erized health management system for the whole country 
consisting of a set of hierarchically interrelated sub- 
systems at national, republican, oblast (regional) and 
settlement levels, as well as a computerized management 
system for medical establishments. Such a computerized 
branch management system should lead to the improvement 
of all levels of management of health care systems. 

8. Finally, in our opinion, systems analysis and modeling 
of health care sector at various levels will not only 
bring out the c m o n  features and patterns of their 
development in different countries, but will promote the 
further development and increase the efficiency of inter- 
national cooperation in this field. 

CONCLUSIONS AND PROPOSALS FOR FURTHER RESEARCH 

The present stage of health care development calls for the 
widespread use of promising methods of systems analysis and mod- 
eling in order to work out optimal variants for managing health 
care systems on a national scale and to promote international 
cooperation through WHO, IIASA and other international organiza- 
tions. 

Further studies of this problem are: 

1. Analysis of the activities and formalized description of 
existing national health care systems--the aim being to 
determine how the interaction between the basic elements 
of the system and their functions is organized in dif- 
ferent national health care systems, and to describe the 
influence of other social and natural factors on the 
health care system. 

2. Identification of the most important problems common to 
all systems of health care. Specialists will have to 
examine problems related to the organization and manage- 
ment of public health on a national and regional scale. 
By using the systems approach, it will be possible to 
solve the following problems: 

- Planning the training and employment of personnel; 

- Planning the adjustment of the system of medical 
norms ; 



- Planning and d i s t r i b u t i n g  a l l o c a t i o n s ;  

- Planning t h e  most impor tant  medico-biological  s t u d i e s ;  

- Evalua t ing  t h e  e f f i c a c y  o f  d i f f e r e n t  l a r g e - s c a l e  pre-  
v e n t i v e  and heal th-improving measures; 

- Planning t h e  development of  i n t e r n a t i o n a l  coope ra t ion  
i n  t h e  f i e l d  o f  p u b l i c  h e a l t h  and medicine. 

An impor tant  f e a t u r e  o f  t h e  systems approach i s  t h e  poss i -  
b i l i t y  of  s o l v i n g  t h e s e  problems i n  con junc t ion  wi th  each  o t h e r .  

3. Ana lys i s  o f  informat ion  s e r v i c e s  f o r  work on systems 
s t u d i e s  i n  p u b l i c  h e a l t h .  The purpose i s  t o  compare t h e  
informat ion  requi rements  f o r  so lv ing  t h e  problems l i s t e d  
above wi th  e x i s t i n g  informat ion .  The need may a r i s e  f o r  
de termining  t h e  volume, l e v e l  and r e g u l a r i t y  of informa- 
t i o n  inpu t ,  and t o  improve methods of  informat ion  c o l -  
l e c t i o n ,  i n p u t  and p rocess ing ,  and a l s o  t h e  problem of 
e s t a b l i s h i n g  a  d e f i n i t i v e  terminology.  It w i l l  be ex- 
ped ien t  t o  pub l i sh  a p p r o p r i a t e  g l o s s a r i e s  and t h e s a u r i  
and t o  e s t a b l i s h  a  l i s t  of  measurement u n i t s ,  i . e .  i n -  
d i c e s  o f  r e f l e c t i o n ,  and s t anda rds  which w i l l  be of  g r e a t  
s i g n i f i c a p c e  i n  b u i l d i n g  a dynamic model. Th i s  s t a g e  i s  
completed by t h e  p r e p a r a t i o n  o f  a t e c h n o l o g i c a l  scheme 
f o r  process ing  informat ion  and t h e  c r e a t i o n  of  informa- 
t i o n  models and systems. 

The above-mentioned s t a g e s  should be t h e  b a s i s  f o r  develop- 
i n g  a  dynamic model o f  h e a l t h  c a r e  on a  n a t i o n a l  s c a l e .  Mathe- 
m a t i c a l  equipment, methods o f  modeling, and systems a n a l y s i s  need 
t o  be s e l e c t e d  and models c r e a t e d  o f  s e p a r a t e  elements  and sub- 
systems o f  p u b l i c  h e a l t h  which, a s  t hey  become ready,  a r e  joined 
toge the r  t o  form an i n t e g r a t e d  model o f  h e a l t h  c a r e  systems.  
Much work w i l l  be necessary  t o  p repa re  a lgo r i thms  and program 
packages f o r  t h e  s y n t h e s i s  of  a dynamic model which w i l l  t hen  
have t o  be checked expe r imen ta l ly  i n  an i n t e r a c t i v e  regime. 

A t  t h i s  s t a g e ,  t h e  main e f f o r t  w i l l  be d i r e c t e d  towards 
d e v i s i n g  methods f o r  t a k i n g  management d e c i s i o n s  wi th  t h e  man- 
machine system, a s  w e l l  a s  f o r  comparing v a r i a n t s  i n  management 
p o l i c y  and s e l e c t i n g  t h e  b e s t  s o l u t i o n .  
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Appendix 

EQUATIONS 

(1) HP(I,T+DT) = HP(1,T) + DHD(I,T,T+DT) - HP(1,T) 
*(DSR(I,T) + DR(I,T))*DT/1000 + TRHI(I,T,T+DT) 
- TRHO(I,T,T+DT) 

(2) LD(I,J,T+DT) = LD(I,J,T) - TRHL(I,J,T,T+DT) 
+ TRLI(I,J,T,T+DT) - TRLO(I,J,T,T+DT) - LD(I,J,T) 
*DSR(I,T) *DT/1000 - REAP (I, J,T,T+DT) 

LDS (T) = Z LD(I,J,T) 
1 I J 

CDL(T,T+DT) = LDS(T)/(LD,S(T)+HPS(T)) 

AT(I,J,T,T+DT) = ATP(I,J)*LD(I,J,T) 

AA (I, J, T,T+DT) = AT (I, J ,T,T+DT) + SD (I, J, T,T+DT) 
SD (I, J,T,T+DT) = GPS (T,T+DT) *CDL (T,T+DT) *ASD (I, J) 

GPS (TI T+DT) = SNOR (T) *DT*ARS (T) 

+ SNOD (T) *DT*SDH (T) 
SDH (T) = GDH (TI *TSPS (TI 

TDH (T) = GDH (T *TSPT (TI 

TDHT(J,T) = TDH(T)*ATDH(J,T) 

ADR(J,T) = TDHT (J,T) *DLN(J,T) 

RPS (J,T) = X RP(I1 JIT) 
I 



AAS (J,T,T+DT) ; REA(JtT) 2 AAS (JtTtT+DT) ; 

REA(J,T) > 0 
(1 9) REAP (J,T,T+DT) = REA(J,T) ; REA(J,T) < AAS(J,T,T+DT) ; 

REA(J,T) > r! 

O,REA(J,T) < 0 

(20) EDH (T) = DOC (T) *TSD (T) 

(2 1 ) DOC (T+DT) = DOC (T) +DT* (XDC (TI T+DT) - YDC (TI T+DT) 
YDC (TI T+DT) = DELAY 3 (XDC (T-DT, T) DDO) 

(22) STD (T+DT) = STD (T) + DT* (XST (TI T+DT) - XDC (TI T+DT) 
XDC (T,T+DT) = DELAY (XST (T-DT,T) ,DST) { 

(23) RETR (T+DT) = RETR (T) + DT* (XRS (T ,T+DT) - YRS (T ,T+DT) 
YRS (TI T+DT) = DELAY 2 (XRS (T-DT, T) , DES) { 

(24) ARS(T+DT) = ARS(T)DT*(YRS(T,T+DT)-ZRS(T,T+DT)) 

ZRS (TI T+DT) = DELAY 2 (XRS (T-DT, T) , DSR) { 
FEDT (T, T+DT) = 2 UEXDT (J 1 T 1 T+DT) *DT/2 

J 

* (RPS (J,T)+RPS (J,T+DT) ) 
T-DT 

EDTS(T) = z FEDT(T' ,T'+DT) 
1 T =O 

f FEDS (TI T+DT) = UEXDS (T) *SNOD (Tj*DT/2 

* (SDH (T) +SDH (T+DT) ) 
T-DT 

EDSS(T) = Z: FEDS(T',T'+DT) 
1 T =O 

FEXRS (TI T+DT) = UEXRS (T) *SNOR (T) *DT/2 

* (ARS (T) +ARS (T+DT) ) 
T-DT 

1 EXRS = FEXRS (T' , T +DT) 
1 T =O 



SYMBOLS 

HP (I,T) the number in block "Healthy population" of 
sex-age group I (stratum) at moment T. 

DHD(I,T,T+DT) the number of the population in stratum I of 
block RP, transferred to block HP during time 
DT . 

DSR(1,T) DPL(ltT) POPUL(ltT), HP (1,T) where DPL(1,T) is the real 

number of sick persons per unit of time for 
1000 population of stratum I, and POPUL(1,T) 
represents the total number of the population. 

DR(I,T) the mortality in sex-age group I, measured by 
the number of deaths per 1000 population of 
the given stratum in a unit of time. 

DT discrete count. 

TRHI (I,T,T+DT) , 
TRHO(I,T,T+DT) the number of the population that have entered 

and left, respectively, by age from stratum I 
of block HP during DT. 

LD(I,J,I) the number of the population of stratum I in 
group LD from phase J of the development of the 
disease at moment T. 

TRLI (I,J,T,T+DT) , 
TRLO(I,J.,T,T+DT) the number of the popdlation that have entered 

and left, respectively, by age from stratum I 
of block LD for DT. 

TRHL(I,J,T,T+DT) the difference between the number of the popu- 
lation transferred. in DT from phase J to (J+l) and 
from phase (J-1) to J. 

DHD(I,J,T,T+DT) the difference between the number of the popula- 
tion that have entered and left for DT from phase 
J of block RP. 

CDL (T, T+DT) concentration of undetected patients for inter- 
val of time (T,T+DT) (latent morbidity). 

ATP (I, J) proportion of patients that have applied for care 
themselves. 

AT(I,J,T,T+DT) number of patients that have applied for care 
themselves during DT in stratum I with phase J 
of disease. 



SD(I,J,T,T+DT) number of  p a t i e n t s  (1,J) d e t e c t e d  du r ing  pre-  
v e n t i v e  sc reen ing .  

AA(1, J,T,T+DT) t o t a l  number of  p a t i e n t s  (I, J) d e t e c t e d  d u r i n g  
DT . 

GPS (T,T+DT) t o t a l  number of p reven t ive  sc reen ings  conducted 
du r ing  DT. 

ASD (I, J) d i s t r i b u t i o n  of  p a t i e n t s  according  t o  phases 
of  d i s e a s e  J and age-groups I. 

SNOR (T) 

SNOD (T) 

SDH (T) 

GDH (T) 

TSPS (T) , 
TSPT (T) 

TDH (T) 

ATDH (J,T) 

DOC (TI 

TSD (T) 

STD (T) 

RETR (T ) 

number of  p reven t ive  sc reen ings  conducted pe r  
u n i t  t i m e  by t e c h n i c a l  equipment of an auto-  
mated system o f  p reven t ive  sc reen ings  o f  t h e  
popula t ion  (ASPSP) . 
number of  p reven t ive  sc reen ings  conducted i n  
a  u n i t  of  t i m e  by one d o c t o r  engaged i n  pre- 
v e n t i v e  work. 

g iven  number of  d o c t o r s  conduct ing  p reven t ive  
sc reen ings  of t h e  popula t ion .  

t o t a l  number o f  d o c t o r s  engaged i n  p reven t ive  
and c u r a t i v e  work. 

c o e f f i c i e n t s  c h a r a c t e r i z i n g  t h e  r a t i o  of  t i m e  
spen t  by d o c t o r s  on p reven t ive  and c u r a t i v e  
work. 

g iven  number o f  d o c t o r s  engaged i n  c u r a t i v e  
work . 
c o e f f i c i e n t  showing d i s t r i b u t i o n  of  d o c t o r s  
provid ing  t r e a t m e n t  i n  J phases ( i n p a t i e n t ,  
o u t p a t i e n t  d o c t o r s ) .  

s t anda rd  d o c t o r  workload (phase J). 

d i f f e r e n c e  between p o s s i b l e  and a c t u a l  number 
o f  p a t i e n t s .  

number of  persons  wi th  h ighe r  medical  educat ion .  

p ropor t ion  of  d o c t o r s  engaged i n  c u r a t i v e  and 
p reven t ive  work i n  t h e  o v e r a l l  number of per-  
sons  wi th  h ighe r  medical  educa t ion .  

number of  s t u d e n t s  o f  h igher  medical  i n s t i t u t e s .  

u n f u l f i l l e d  volume of d e l i v e r i e s  of  t e c h n i c a l  
equipment f o r  ASPSP. 



UEXDS ( T )  

FEDS ( T )  , 
EDSS ( T )  

UEXDT ( J ,  T , T+DT) 

DT ( T I ,  
EDTS ( T )  

UEXRS ( T )  

FEXRS (TI  , 
EXRS (TI 

q u a n t i t a t i v e  e v a l u a t i o n  o f  t e c h n i c a l  equipment 
f o r  ASPSP.  

c o s t  of  conduct ing  one p reven t ive  sc reen ing  by 
a  d o c t o r .  

c u r r e n t  and t o t a l  expend i tu re s  connected wi th  
t h e  conduct ing  o f  p reven t ive  sc reen ings  by 
d o c t o r s .  

expend i tu re s  f o r  one p a t i e n t  du r ing  pe r iod  DT 
(phase J of d i s e a s e ) .  

c u r r e n t  and t o t a l  expend i tu re s  f o r  t r ea tmen t  of  
p a t i e n t s .  

c o s t  of  conduct ing  one p reven t ive  sc reen ing  
wi th  t h e  h e l p  of  ASPSP.  

c u r r e n t  and t o t a l  expend i tu re s  connected wi th  
p reven t ive  sc reen ings  wi th  t h e  h e l p  of ASPSP.  
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Using a  Simula t ion  Model 

Shigekoto Kaihara and Kazuhiko Atsumi 

JAPANESE HEALTH CARE DELIVERY SYSTEM 

H i s t o r i c a l l y ,  Japanese medical  c a r e  has been d e l i v e r e d  by 
t h e  p r i v a t e  s e c t o r .  Before World War 11, t h e  number of h o s p i t a l s  
owned by t h e  pub l i c  s e c t o r ,  p r imar i ly  u n i v e r s i t y ,  c h a r i t y  o r  m i l -  
i t a r y  h o s p i t a l s ,  was l i m i t e d .  Nei ther  c e n t r a l  nor l o c a l  govern- 
ment was regarded a s  being r e s p o n s i b l e  f o r  medical c a r e  d e l i v e r y .  
Medical c a r e  was, s o  t o  speak,  l e f t  t o  t h e  personal  r e l a t i o n s h i p  
between phys ic i ans  and p a t i e n t s .  Af t e r  t h e  war, t h e  s i t u a t i o n  
changed r a p i d l y .  Now most of t h e  people t h i n k  t h a t  t h e  d e l i v e r y  
o f  medical  c a r e  is ,  a t  l e a s t  i n  p a r t ,  t h e  r e s p o n s i b i l i t y  of  t h e  
c e n t r a l  o r  l o c a l  government. Many new h o s p i t a l s  owned by t h e  
pub l i c  s e c t o r  have been b u i l t  and l o c a l  h e a l t h  c e n t e r s  now cover 
a l l  p a r t s  of  Japan. A h e a l t h  in su rance  system was in t roduced 
and every  c i t i z e n  of Japan i s  covered by t h i s  system. Neverthe- 
l e s s ,  most medical  c a r e  i s  s t i l l  i n  t h e  hands of p r i v a t e  physi-  
c i a n s  and t h e  h e a l t h  insurance  system d e a l s  on ly  wi th  t h e  eco- 
nomic p a r t  of  medical  c a r e  d e l i v e r y .  

Accordingly,  t h e  d e l i v e r y  of  medical  c a r e  i n  Japan has  be- 
come more and more complicated.  Health c e n t e r s ,  Government hos- 
p i t a l s  and c l i n i c s  a r e  now working independent ly .  Some p a t i e n t s  
complain t h a t  t h e r e  is no way of knowing which h o s p i t a l s  they  
should go t o  when they  become ill; some say t h a t  even though they  
a r e  covered by h e a l t h  in su rance  they  cannot  g e t  any medical c a r e  
i n  remote a r e a s .  T o t a l  medical  expend i tu res  a r e  i n c r e a s i n g  year  
by year  and abso rb  an inc reas ing  p ropor t ion  of t h e  g r o s s  n a t i o n a l  
product .  However, t h e r e  has  been l i t t l e  success  i n  o rgan iz ing  
medical  c a r e  i n  Japan because of t h e  complexity of t h e  d e l i v e r y  
system. 

Recently,  t h e  concept  has gained ground t h a t  we should r e -  
gard medical  c a r e  a s  a  s o c i a l  system and should apply  t h e  r e -  
s u l t s  of systems s c i e n c e s  t o  seek  s o l u t i o n s  t o  t h e  problems in -  
volved.  With t h e  h e l p  of  t h e  systems approach, t h e  optimum re -  
l a t i o n s h i p  among v a r i o u s  medical f a c i l i t i e s  such a s  c l i n i c s ,  hos- 
p i t a l s  and h e a l t h  c e n t e r s  might be found. The same might be t r u e  
w i t h i n  h o s p i t a l s  where t h e  i n t e r r e l a t i o n s h i p  of t h e  v a r i o u s  sec-  
t i o n s  needs r eo rgan iza t ion .  

Acting on t h i s  hope, t h e  Japanese  Government appointed a  
survey team i n  1972  which i n v e s t i g a t e d  t h e  a p p l i c a t i o n  of  t h e  
systems approach t o  analyzing and planning h e a l t h  c a r e  d e l i v e r y  



i n  Japan. I n  1973, a s  a  r e s u l t  of  t h i s  survey ,  a  new s e c t i o n  i n  
t h e  Medical A f f a i r s  Bureau o f  t h e  Min i s t ry  o f  Heal th  and Welfare 
was e s t a b l i s h e d ,  c a l l e d  The O f f i c e  f o r  I n v e s t i g a t i n g  t h e  Develop- 
ment of  Medical Systems. I n  1974, a s  a  s u b s i d i a r y  of  t h i s  o f f i c e  
and of t h e  Min i s t ry  of  I n t e r n a t i o n a l  Trade and I n d u s t r y ,  a  new 
o r g a n i z a t i o n  was formed which d e a l s  s o l e l y  wi th  t h e  development 
of  medical  systems;  i t s  name i s  The Japanese  Medical Informat ion  
Systems Development Center .  

PROJECTS SPONSORED BY THE JAPANESE MEDICAL INFORMATION SYSTEMS 
DEVELOPMENT CENTER 

The Japanese  Medical Informat ion  Systems Development Cen- 
t e r  i s  a t  p r e s e n t  engaged on f i v e  p r o j e c t s .  They a r e :  

- Survey and e v a l u a t i o n  of h o s p i t a l  systems;  

- Survey and experiments  on t h e  r e o r g a n i z a t i o n  and plan-  
n ing  o f  h e a l t h  c a r e  d e l i v e r y  i n  a  r eg ion ;  

- Compilat ion o f  a  coding system and thesau rus  of  medical  
terms ; 

- Experiments on an  informat ion  s e r v i c e  system t o  phys i -  
c  i a n s  : 

- Developments o f  new t echno log ie s  i n  h e a l t h  c a r e  d e l i v e r y .  

Among t h e s e  p r o j e c t s ,  t h e  second one is regarded  a s  t h e  
most impor tant ,  and a t  t h e  moment f o u r  r e g i o n s  have been s e l e c t -  
ed a s  model r e g i o n s  f o r  v a r i o u s  surveys  and experiments .  I n  t h e  
Nagasaki p r e f e c t u r e ,  which c o n s i s t s  of  thousands of  i s l a n d s ,  t h e  
p r o j e c t  i s  mainly concerned wi th  medical  c a r e  d e l i v e r y  t o  t h e s e  
smal l  i s l a n d s .  I n  Kanagawa p r e f e c t u r e ,  which is a h e a v i l y  i n -  
d u s t r i a l i z e d  r eg ion ,  t h e  emergency medical  c a r e  system has  been 
g iven  p r i o r i t y  i n  t h e  r e o r g a n i z a t i o n  of  t h e  h e a l t h  c a r e  d e l i v e r y  
system. I n  T o t t o r i  p r e f e c t u r e ,  s c reen ing  and e a r l y  d e t e c t i o n  o f  
d i s e a s e  a r e  t h e  main s u b j e c t  o f  i n v e s t i g a t i o n .  I n  Wakayama and 
N i i g a t a  p r e f e c t u r e s ,  experiments  a r e  be ing  made w i t h  h e a l t h  c a r e  
d e l i v e r y  i n  a  r eg ion  of mountains and heavy snowfa l l s .  S ince  
t h e s e  a r e  f i v e  yea r  p r o j e c t s ,  it i s  t o o  e a r l y  t o  e v a l u a t e  t h e  
r e s u l t s .  I t  i s  r e p o r t e d ,  however, t h a t  t h e  new technology and 
systems approach show g r e a t  p o s s i b i l i t i e s  of  improving medical  
c a r e  d e l i v e r y  i f  t hey  a r e  p rope r ly  used (F igu re  1 ) . 

I n  a d d i t i o n  t o  t h e s e  f i v e  p r o j e c t s ,  t h e  o r g a n i z a t i o n  a l s o  
h a s  a  p o l i c y  making committee, r e s p o n s i b l e  f o r  e s t a b l i s h i n g  
g u i d e l i n e s  f o r  t h e  p r o j e c t s  and i n v e s t i g a t i n g  methods of  e v a l -  
u a t i n g  them. 

Noting t h a t  t h e r e  has  been a lmost  no s t anda rd  method o f  
e v a l u a t i n g  t h e  h e a l t h  c a r e  d e l i v e r y  systems,  t h e  committee agreed  



NAMES OF PREFECTURES AND 
PREFECTURAL CAPITAL CITIES 

1. HOKKAIDO (SAPPORO) 
2. AOMORI (AOMORI) 
3. IWATE (MORIOKA) 
4. MlYAGl (SENDAI) 

5. AKITA (AKITA) 
6. YAMAGATA (YAMAGATAJ 
7. FUKUSHIMA (FUKUSHIMA) 
8. IBARAKI (MITO) 
9. TOCHIGI (UTSUNOMIYA) 

lo. SAITAMA (URAWA) 
11. GUMMA (MAEBASHI) 
12. CHIBA (CHIBA) 
13. TOKYO (TOKYO) HOKKAIDO 

14. KANAGAWA (YOKOHAMA) 
15. NllGATA (NIIGATA) 
16. TOYAMA (TOYAMA) 
17. ISHIKAWA (KANAZAWA) 
18. FUKUI (FUKUI) 
19. YAMANASHI (KOFU) 
20. NAGANO (NAGANO) 
21. GIFU (GIFU) 
22. SHIZUOKA (SHIZUOKA) 
23. AICHl (NAGOYA) 
24. MIE (TSU) 
25. SHlGA (OTSU) 
26. KYOTO (KYOTO) 
27. OSAKA (OSAKA) 
28. HYOGO (KOBE) 
29. NARA (NARA) 

30. WAKAYAMA (WAKAYAMA) 
3 1. TOTTORI (TOTTORI) 
32. SHIMANE (MATSUE) 
33. OKAYAMA (OKAYAMA) 
34. HIROSHIMA (HIROSHIMA) 

35. YAMAGUCHI (YAMAGUCHI) 
36. TOKUSHIMA (TOKUSHIMA) 
37. KAGAWA (TAKAMATSU) 
38. EHIME (MATSUYAMA) 
39. KOCHI (KOCHI) 
40. FUKUOKA (FUKUOKA) 
41. SAGA (SAGA) 
42. NAGASAKI (NAGASAKI) 
43. KUMAMOTO (KUMAMOTO) 

44. OITA (OITA) 
45. MlYAZAKl  (MIYAZAKI) 
46. KAGOSHIMA (KAGOSHIMA) 
47. OKINAWA (NAHA) 

Figure 1. Map of Japan showing prefectures selected as 
model regons for projects. 



t h a t  one  o f  i ts  most impor tan t  t a s k s  was t o  i n v e s t i g a t e  methods 
o f  ana lyz ing ,  p lanning  and e v a l u a t i n g  h e a l t h  c a r e  d e l i v e r y  sys-  
tems. A s  i t s  c o n t r i b u t i o n ,  it s t a r t e d  i n  1974 t h e  development 
o f  a s i m u l a t i o n  model of Japanese  h e a l t h  c a r e  d e l i v e r y .  The 
f i r s t  o b j e c t i v e  o f  t h e  model was t o  p rov ide  a  method of  under- 
s t a n d i n g  t h e  i n t e r r e l a t i o n s h i p s  of  t h e  v a r i o u s  h e a l t h  s t a t i s t i c s  
a v a i l a b l e  a t  t h e  moment i n  Japan ,  s o  t h a t  t h e  p r e d i c t i o n  of  
f u t u r e  parameters  might be p o s s i b l e .  T h i s  p r o j e c t  i s  s t i l l  on- 
going .  The a n a l y s i s  of medical  demands h a s  been t e s t e d  i n  t h e  
model and h e a l t h  c a r e  supply  i s  now be ing  s t u d i e d .  P re l imina ry  
r e s u l t s  o f  t h i s  a n a l y s i s  w i l l  be d e s c r i b e d  i n  t h e  f o u r t h  s e c t i o n .  

BASIC HEALTH STATISTICS OF JAPAN 

Popu la t ion  

F i g u r e  2 shows Japanese  popu la t i on  t r e n d s ,  i n c l u d i n g  t h e  
e s t i m a t e d  f u t u r e  popu la t i on  a s  c a l c u l a t e d  by t h e  I n s t i t u t e  of 
Popu la t i on  Problems o f  t h e  M i n i s t r y  of  Hea l th  and Welfare.  The 
l a t e s t  p o p u l a t i o n  census  conducted on 1 October  1970 r e v e a l e d  
t h a t  t h e  popu la t i on  o f  Japan  amounted t o  103,720,060. One o f  
t h e  remarkable p o i n t s  abou t  t h e  Japanese  popu la t i on  i s  t h e  r a p i d  
change i n  t h e  shape  of  t h e  popu la t i on  pyramid ove r  t h e  p a s t  20 
y e a r s .  F igu re  3 shows t h e  comparison of popu la t i on  pyramids f o r  
1935 and 1972. The popu la t i on  pyramid i n  t h e  f u t u r e  w i l l  show 
even more people  i n  t h e  h ighe r  age  groups .  

Figure 2. Japanese population trends. 
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Figure 3. Population pyramids for 1935 and 1972. 

V i t a l  S t a t i s t i c s  (Tab l e  1 )  

Live  B i r t h s  

A f t e r  i t s  e x t r a o r d i n a r y  r i s e  i n  1947, t h e  b i r t h  r a t e  s t a r t e d  
t o  d e c l i n e  r a p i d l y  and r eached  17.2 i n  1957. T h i s  r a p i d  d e c r e a s e  
seemed t o  b e  due  t o  a d e c l i n e  i n  t h e  number o f  m a r r i a g e s ,  t h e  
e x t e n s i v e  u s e  o f  c o n t r a c e p t i v e  measures  and t h e  changing a t t i -  
t u d e s  o f  peop l e  toward f a m i l y  s i z e .  

Dea ths  

The annua l  d e a t h  r a te  h a s  been  d e c r e a s i n g  s i n c e  1920. It  
r eached  7 .8  a s  e a r l y  a s  1955 and f o r  t h e  p a s t  t e n  y e a r s  it h a s  
k e p t  between 6 . 6 .  and 7.4. 

Dea ths  by Leading Causes  (Table  2 )  

I t  h a s  been t h e  r e c e n t  t endency  f o r  d e a t h s  f rom d e g e n e r a t i v e  
d i s e a s e s  t o  c o n s t i t u t e  a growing p r o p o r t i o n  o f  t h e  t o t a l ;  i n  
p a r t i c u l a r ,  s o - c a l l e d  a d u l t  d i s e a s e s ,  such  a s  l e s i o n s  a f f e c t i n g  
t h e  c e n t r a l  nervous  system, ma l ignan t  neoplasms,  h e a r t  d i s e a s e s  
and some o t h e r s ,  have i n c r e a s e d ,  w h i l e  d e a t h s  f rom i n f e c t i o u s  
d i s e a s e s  have g r e a t l y  dec r ea sed .  



Table 1. Statistics (from Health Services in Japan 
published by Ministry of Health and Welfare), 
1900-1972.  



Table 2 .  Percentage of selected causes of deaths t o  
t o t a l  deaths (from H e a l t h  S e r v i c e s  i n  Japan 
published by Ministry of Health and Welfare), 
1950-1972.  

International B 
lilt number 

B5. 

819 

B26, 822, 829 

B27 

B30 

B32. B33.a. 
B46.d 

B37 

838 

B45.a 

B4, B46.e 

BU7, BE48 

BE19 

1971 

2.0 

17.9 

12.5 

2.5 

25.9 

4.3 

1.9 

1.3 

5.2 

1.2 

6.2 

2.4 

16.7 

1968 

2.5 

16.8 

11.7 

2.6 

25.4 

4.6 

1.6 

1.5 

5.8 

1.5 

5.8 

2.1 

18.1 

1972 

1.8 

18.6 

12.6 

2.5 

25.8 

4.3 

2.0 

1.1 

4.8 

1.1 

6.2 

2.6 

16.6 

1969 

2.4 

17.1 

12.0 

2.5 

25.6 

4.7 

1.7 

1.4 

5.5 

1.4 

6.2 

2.1 

17Yd 

of depth 

Tuberculosis(all 
forms) 

Malignant 
neoplasms 

Heart diseases 

Hypertensive 
dieeaees 

Cerebrovascular 
diseases 

Pneumonia and 
bronchitis 

Cirrhosis of liver 

Nephritis and 
nephrosis 

Senilitywithout 
mention of 
psychosis 

Castritis,duodenitis, 
enteritis. and 
colitis 

Accidents 

Suicidc 

Ochers 

1970 

2.2 

16.8 

12.5 

2.6 

25.4 

4.9 

1.8 

1.3 

5.5 

1.2 

6.1 

2.2 

17.5 

1966 

3.0 

16.4 

10.6 

2.7 

25.7 

4.2 

1.5 

1.5 

6.6 

1.7 

6.3 

2.2 

17.6 

1950 

13.5 

7.1 

5.9 

... 

11.7 

8.6 

0.6 

3.0 

6.5 

7.6 

3.6 

1.8 

30.1 

1967 

2.6 

16.7 

11.2 

2.7 

25.5 

4.2 

1.5 

1.5 

6.4 

1.6 

6.2 

2.1 

17.8 

1960 

4.5 

13.3 

9.7 

2.1 

I 
21.2 

6.5 

1.3 

2.2 

7.7 

2.8 

5.5 

2.9 

20.3 

1965 

3.2 

15.2 

10.8 

2.7 

24.7 

5.2 

1.4 

1.6 

7.0 

1.8 

5.7 

2.1 

18.6 



Medical Care 

Hospitals and Clinics 

The number of hospitals and beds has rapidly increased in 
recent years as far as the per-population ratio is concerned 
(Table 3). However, we are faced with the problem of scarcity 
of medical facilities in the rural and mountain areas as already 
mentioned . 

Medical Care Personnel 

Table 4 shows the number of various types of medical per- 
sonnel. Although the number of physicians, dentists and pharma- 
cists is statistically about the same as in European countries 
on a per-population basis, we are confronted with the problem 
of an excessive concentration in the urban areas and a lack of 
qualified personnel in public health work. There is currently 
a plan to increase the number of doctors to 150 per 100,000 of 
population by establishing new medical schools (Table 5). 

Table 3. Number of hospitals by type and kind, 
'1971-1972. 

- -- 
Communica- General hEz:,"I1s T ~ ~ ~ ~ ~ ~ ~ ~ i s  Leprosaria ble disease hospitals I 1 / 1 / hospitals I ) 

I I I I I I 

Grand total 1 8 026 1 8 143 1 (m I 925 I 139 1 126 1 14 161 J) 291 6 943: 7 0471 
- I _I 

National 

Prefectural and 
municipal 

Semi-public 

Social insurance 

Private 

1 067 1 067 

179 178 - - 

280 274 

Note : L) Those figures in the brackets are those directly under the jurisdiction of the Ministry 
of Health and Welfare. 

2) Those semi-public Facilities include hospitals operated by the Japanese Red Cross 
Society, etc. 



T a b l e  4. Number o f  med i ca l  c a r e  p e r s o n n e l ,  J apan ,  
1954-1972. 

Tab l e  5. Number of  t r a i n i n g  s c h o o l s  f o r  medica l  c a r e  pe r sonne l  
and s t u d e n t s  e n t e r i n g  a n n u a l l y  a s  o f  A p r i l .  
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Medical Care S t a t i s t i c a l  Surveys 

Na t iona l  h e a l t h  survey  

S ince  1948, t h e  Government h a s  been conduct ing  'Na t iona l  
Heal th  Surveys (Family Sickness  Survey) '  and ' P a t i e n t  Surveys '  
on a nation-wide s c a l e  by us ing  sampling methods. In  t h e  Nation- 
a l  Health survey ,  about  27,000 households c o n t a i n i n g  90,000 peo- 
p l e  i n  420 a r e a s  a r e  sampled, and t h e  inc idence  o f  d i s e a s e  and 
i n j u r y  among t h e  popu la t ion  i s  c l a s s i f i e d  by t y p e  o f  d i s e a s e  o r  
i n j u r y ,  geograph ica l  h rea ,  occupa t ion ,  economic s t a t u s ,  sex ,  age ,  
e t c .  and a l s o  by t h e  mode of  t r e a t m e n t  of d i s e a s e  and i n j u r y  and 
by t h e  amount o f  payment f o r  t h e  t r ea tmen t  by p a t i e n t s .  

P a t i e n t  survey 

I n  t h e  p a t i e n t  survey,  773 h o s p i t a l s  (1/10 of  t h e  t o t a l  
number), 684 g e n e r a l  c l i n i c s  (1/1000 of  t h e  t o t a l  number) and 
297 d e n t a l  c l i n i c s  (1/100 of  t h e  t o t a l  number) a r e  sampled and 
t h e  number of  i n -  and o u t - p a t i e n t s  who u s e  t h e s e  f a c i l i t i e s ,  i s  
enumerated by t y p e  of  d i s e a s e  o r  i n j u r y ,  sex ,  and age,  and by 
t h e  method o f  paying t h e  charge  f o r  t r ea tmen t  t o g e t h e r  w i t h  t h e  
l e n g t h  o f  h o s p i t a l i z a t i o n .  Again, t h e  c o n s u l t a t i o n  r a t e  has  
been c o n s t a n t l y  i n c r e a s i n g  ove r  t h e  p a s t  15  yea r s .  

A SIMULATION MODEL OF HEALTH CARE 

A s  shown i n  t h e  p rev ious  s e c t i o n ,  many s t a t i s t i c s  r e l a t i v e  
t o  h e a l t h  c a r e  a r e  r e p o r t e d  annua l ly  from v a r i o u s  o r g a n i z a t i o n s .  
It i s  a c h a r a c t e r i s t i c  of  t h e s e  s t a t i s t i c s  t o  show some changes 
eve ry  y e a r ;  however, s i n c e  t h e  mechanism of t h e  change i s  n o t  
always c l e a r ,  t h e  p r e d i c t i o n  of  f u t u r e  t r e n d s  has  not  been easy .  
Th i s  has  a l s o  made it d i f f i c u l t  t o  p l an  h e a l t h  c a r e  d e l i v e r y  i n  
t h e  count ry .  

A s  a  f i r s t  s t e p ,  t h e r e f o r e ,  an a n a l y s i s  of  medical  demands 
was made, and a s imu la t ion  model of demands was c o n s t r u c t e d ,  
i n  which it was endeavored t o  inc lude  t h e  s t a t i s t i c a l  changes 
desc r ibed  i n  t h e  previous  s e c t i o n .  S ince  h e a l t h  c a r e  i s  r e -  
l a t e d  t o  v a r i o u s  s o c i a l  f a c t o r s ,  t h e  model had t o  t a k e  t h e s e  
non-medical f a c t o r s  i n t o  c o n s i d e r a t i o n .  It was a l s o  t h e  aim o f  
t h e  p re l imina ry  s tudy  t o  i d e n t i f y  t h e s e  e x t e r n a l  f a c t o r s .  

F igu re  4 shows t h e  main concept  of t h e  model. I n  t h i s  
model, t h e  t o t a l  popu la t ion  was d iv ided  i n t o  f o u r  groups,  name- 
l y  t h e  h e a l t h y  ( X I ) ,  t h e  unaware s i c k  (X2), t h e  s i c k  wi thout  

- 

medica l  c a r e  ( X 3 ) ,  and p a t i e n t s  ( X o ) .  Between t h e s e  f o u r  groups ,  - 
f lows o f  people  were assumed. Some o f  t h e  h e a l t h y  become ill 
a t  a  more o r  l e s s  c o n s t a n t  r a t e ;  t h e  unaware s i c k  move i n t o  t h e  
group o f  " s i c k  wi thout  medical  c a r e "  and t h e s e  move i n t o  t h e  



group of  " p a t i e n t s " .  Some p a t i e n t s  d i e  and o t h e r s  recover  and 
r e t u r n  t o  t h e  hea l thy  group a t  c e r t a i n  r a t e s .  The f a c t o r s  
which a r e  assumed t o  i n f l u e n c e  t h e  f lows a r e  a l s o  shown i n  Fig- 
u r e  4 .  The f low between t h e  h e a l t h y  and unaware s i c k ,  is a f f e c t -  
ed by t h e  inc idence  of va r ious  i l l n e s s e s .  The advance of c i v -  
i l i z a t i o n  and educat ion  w i l l  a f f e c t  t h e  flow between t h e  unaware 
s i c k  and t h e  s i c k  wi thout  medical  c a r e ,  f o r  a s  people become 
more medica l ly  educated ,  they  w i l l  pay more a t t e n t i o n  t o  t h e i r  
i l l n e s s e s .  More s i c k  wi thout  medical  c a r e  f low i n t o  t h e  group 
of  s i c k  wi th  medical c a r e  when they  can  g e t  medical c a r e  more 
e a s i l y .  T h i s  f a c t o r  was des igna ted  i n  t h e  model a s  " a c c e s s i b i l -  
i t y  t o  phys ic i ans" .  A c c e s s i b i l i t y  is made up of two f a c t o r s ;  
namely, t h e  amount of  medical c a r e  a v a i l a b l e  and t h e  economic 
s t a t u s  of  t h e  p a t i e n t s .  Then advances i n  medical  d i a g n o s i s  and 
t r ea tmen t  w i l l  a f f e c t  t h e  r e t u r n  f low of p a t i e n t s  t o  t h e  hea l thy  
group. The i n t e n t i o n  i n  adopting t h e  s t r u c t u r e  desc r ibed  above 
was t o  a t t r i b u t e  changes i n  medical  demands t o  changes i n  t h e  
f lows between t h e  groups.  

Bl RTH 

1 + 1 1 I c K  1 1 CARE 1 1 C? 

MEDICINE w 
Figure 4. Main concept of demand model. 

DEATH 

Figure  5 shows t h e  s t r u c t u r e  of t h e  demand p a r t  of  t h e  
s imula t ion  model. The s t r u c t u r e  is t h e  same a s  i n  F igure  4 
except  f o r  R,, R e ,  Rg and R,,,. The i n v e r s e  f low from X2 t o  X I  



cove r s  
mode 1, 
under  
t i v e l y  
R7 and 

t h e  s i c k  who g e t  w e l l  w i thou t  s e e i n g  phys i c i ans .  I n  t h i s  
each  group is  d i v i d e d  i n t o  f o u r  l e v e l s  by age;  people  

14, and people  aged 15 t o  44, 45 t o  64 and ove r  65 respec-  . Each age  group has  t h e  same s t r u c t u r e  a s  i n  F i g u r e  5. 
RE a r e  t h e  f lows  between t h e s e  age  groups .  Th i s  means 

t h a t  t h e  model i s  made up of  16 d i f f e r e n t  groups  w i t h  29 f lows  
between them. However, f o r  s i m p l i c i t y  of e x p o s i t i o n ,  we u s e  t h e  
model o f  one  age l e v e l  i n  t h e  fo l lowing  d i s c u s s i o n .  

RIO R 7 

R I -+ R 6 

1 R 1 8 

Figure 5. Structure of demand model. 

The model i s  expressed  by a  s e t  of d i f f e r e n t i a l  equa t ions .  
On t h e  assumption t h a t  t h e  r a t e s  a r e  c o n s t a n t  ove r  t h e  y e a r  and 
t h e  system i s  i n  e q u i l i b r i u m  i n  t h e  s ense  t h a t  no l a r g e  changes 
from e x t e r n a l  causes  t a k e  p l a c e ,  t h e s e  equa t ions  can  be so lved .  

I n  b u i l d i n g  t h e  model, t h e  s t a t i s t i c a l  v a l u e s  d e s c r i b e d  i n  
t h e  t h i r d  s e c t i o n  were mainly used ,  namely t h e  b i r t h  r a t e  f o r  R1, 

t h e  number of f i r s t  v i s i t s  t o  p h y s i c i a n s  from t h e  P a t i e n t  Survey 
f o r  R4,  t h e  d u r a t i o n  of i l l n e s s e s  from t h e  N a t i o n a l  Heal th  Survey 

f o r  t h e  c a l c u l a t i o n  of  R5, t h e  d e a t h  r a t e  f o r  R6, t h e  popu la t i on  

census  f o r  R7 and R E ,  t h e  r a t e  of  r e q u e s t s  f o r  medica l  c a r e  i n  

t h e  N a t i o n a l  Hea l th  Survey f o r  t h e  c a l c u l a t i o n  of  R l O ,  t h e  Pa- 

t i e n t  Survey f o r  X4 and p reva l ence  r a t e  shown i n  t h e  Na t iona l  

Heal th  Survey f o r  t h e  c a l c u l a t i o n  o f  X3.  

No s t a t i s t i c a l  v a l u e s  a r e  a v a i l a b l e  a t  p r e s e n t  f o r  R2,  

( i d e a l  i n c i d e n c e  r a t e  of  i l l n e s s ) ,  R3 ( t h e  r a t e  a t  which t h e  



unaware s i c k  become aware of  t h e i r  i l l n e s s e s ) ,  R9 ( t h e  r a t e  a t  

which t h e  unaware s i c k  r e c o v e r ) ,  X I  (number o f  h e a l t h y )  and X2 

(number o f  t h e  unaware s i c k ) .  However, i f  one of t h e s e  v a l u e s  
i s  g iven ,  t h e  o t h e r  parameters  c a n  be c a l c u l a t e d  from t h e  s e t s  
of equa t ions .  I n  t h i s  s t u d y ,  t h e  r a t e  R2 was assumed t o  be 

c o n s t a n t  over  t h e  p a s t  15 y e a r s ,  and t h e  o t h e r  parameters  were 
c a l c u l a t e d .  The c a l c u l a t i o n  was performed f o r  each  yea r  on t h e  
assumption t h a t  t h e  system remained i n  e q u i l i b r i u m  ove r  t h e  y e a r .  
A f t e r  a l l  t h e  parameters  were ob ta ined  f o r  each  y e a r ,  t h e  t o t a l  
model was run  f o r  t h e  p a s t  15 y e a r s ,  u s i n g  t h e  program DYNAMO. 
The v a l i d i t y  of  t h e  model was t e s t e d  by comparing t h e  c a l c u l a t e d  
parameters  wi th  t h e  o r i g i n a l  s t a t i s t i c a l  v a l u e s .  

F i g u r e  6 shows some of  t h e  r e s u l t s  o f  t h e  c a l c u l a t i o n s .  It 
r e p r e s e n t s  t h e  annual  r a t e s  of  change o f  parameters .  Each num- 
b e r  i n  t h e  g raph  cor responds  t o  t h e  s u f f i x  o f  r a t e ,  excep t  f o r  
r a t e  10, which i s  r e p r e s e n t e d  by T. It w i l l  be  no t i ced  from t h i s  
graph  t h a t  R3 has  g r a d u a l l y  i n c r e a s e d  over  t h e  p a s t  15 y e a r s .  

Th i s  seems t o  be t h e  main c a u s e  o f  t h e  i n c r e a s e s  i n  t h e  preva lence  
r a t e  and t h e  t o t a l  number of  p a t i e n t s .  The g r a d u a l  d e c r e a s e  o f  
R5 may a l s o  c o n t r i b u t e  t o  t h e  i n c r e a s e  of  p a t i e n t s .  R,, g r a d u a l l y  

i n c r e a s e d  u n t i l  7-8 y e a r s  ago and then  dec reased  aga in .  T h i s  
might  have been caused  by t h e  r e l a t i v e  s h o r t a g e  of  s u p p l i e s  o f  
medical  c a r e .  

Figure 6. Calculated annual rates of change of parameters. 



Figures 7 and 8 show the changes in population, with fore- 
casts up to 1985 of the percentage of people over 65 years old 
and the numbers of healthy and sick respectively. This shows 
a gradual increase in the future numbers of the aged and sick. 

(1) 0-14 YEARS O F  AGE 
(21 15 TO 44 YEARSOF AGE 
(3) 45 TO 64 YEARS O F  AGE 
(41 OVER 6s YEARS OF AGE 
( T I  TOTAL POPULATION 
(PERCENT OF OVER 65 YEARS 
O F  AGE TO TOTAL POPULATION) 

Figure 7. Forecasts of population showing percentage of the 
people over 65. 

Figure 8. Estimated number of the healthy ( 1 ) .  unaware sick (2). 
the sick without medical care (3) and the sick (4). 



These  a r e  p r e l i m i n a r y  r e s u l t s  and d o  n o t  r e p r e s e n t  any  
o f f i c i a l  view. However, w e  hope t h a t  t h e  s i m u l a t i o n  method 
w i l l  b e  o f  g r e a t  h e l p  i n  t h e  f u t u r e  i n  p l a n n i n g  n a t i o n a l  h e a l t h  
d e l i v e r y .  





Technological and Social Assessment 

Of a Medical Information System 

K. Atsumi 

INTRODUCTION 

The best solution to the problem of satisfying the increas- 
ing demand for medical care within limited medical resources, is 
to systematize the health care system by means of information 
technology and to increase efficiency in medical care. 

A medical information system (MIS) at the regional level is 
already operative in the USA and European countries. However, 
MIS at the national level is still at the planning stage in USSR 
and Czechoslovakia; it is functioning partially only in Sweden. 

In Japan, national projects on MIS have been started recent- 
ly by the Ministry'of Health and Welfare (MHW) in collaboration 
with Ministry of International Trade and Industries (MITI). 

Although the impact of MIS has been held to be very great, 
very few surveys assessing the implications of the technology 
used in MIS have been reported, except the United Nations Seminar 
on "Human Rights Problem in Computerization" in May 1 9 7 2  and the 
OECD Seminar on "Confidentiality Problem in Medical Data Bank" 
in June 1 9 7 4 .  

The main purpose of technology assessment (T.A.) is to pre- 
dict the negative effects arising from the use of information 
technology and to devise mens of countering them. It may also 
include a forecast of the technological problems to be solved. 

In this report, T.A. is applied to the Japanese national 
project for a comprehensive medical information system. In this 
project, software such as philosophy and vision on MIS are to be 
planned by MHW and hardware such as computers, terminals and med- 
ical instruments are to be developed by MITI. 

In MHW, four committees--on fundamental problems, regional 
medical care, hospital automation and coding and thesaurus--have 
been established. 

In MITI1s project, starting from the hardware to be utilized 
in remote area without medical doctors, many kinds of equipment 
have been surveyed and analyzed. Hardware, methods and instru- 
ments to be developed are classifed under the following heads: 
multiplex and modulation transmission; filing, access and privacy 



p r o t e c t i o n  i n  medical  informat ion  system; medical  image s t o r a g e ;  
c o l o r  image t r ansmis s ion ;  and medical  e l e c t r o n i c  dev ices  and 
t h e i r  i n t e r f a c e s  t o  computers. 

THE M A I N  PROBLEMS ASSOCIATED WITH MIS 

The main problems r e l a t i v e  t o  MIS occur  i n  t h e  fo l lowing 
f i e l d s :  biomedical  eng inee r ing ,  systems eng inee r ing ,  c o s t  of 
MIS; manpower, i nc lud ing  systems eng inee r s ,  and changes i n  s o c i a l  
va lues .  

F o r e c a s t  on Biomedical Engineering 

From t h e  viewpoint  of biomedical  eng inee r ing ,  many f o r e c a s t s  
about  MIS have been publ i shed  i n  t h e  USA and i n  Japan.  

The t r e n d s  a r e  summarized i n  F igu re  1 .  I n  t h e  c a s e  of most 
of  t h e  MIS subsystems shown i n  F igu re  1 ,  it i s  expected t h a t ,  
i n v e s t i g a t i o n s  and r e s e a r c h e s  having s t a r t e d  i n  t h e  1970s, t hey  
w i l l  begin  f u n c t i o i n g  i n  t h e  1980s and t h a t  t h e i r  u se  w i l l  be 
widespread i n  t h e  1990s. 

HOSPITAL AUTOMATION SYSTEM 

AUTOMATED CLINICAL LAIIORATORY 

AUTOMATED I.E.U. 

AUTOMATED ACCOUNTING SISTTM 
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AUTOMATED PATTCRN RECOGNlTlON 

AUTOMATED DIAGNOSTIC APPAllATUS 

MEDICAL DATA NETWORK SYSTEM 
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MZDICAL DATA NETWORK SYITLM 

l L A l R A N O r M E N T  OF HOSPIT IU  
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Figu're 1. Forecast on application of medical information system. 



Forecast on Svstems Enaineerina 

The Science and Technology Agency of Japan published a fore- 
cast of future trends in systems engineering and its applications 
in Science  and TechnoZogy DeveZopments up t o  A .  D .  2 0 0 0 .  

The principal problems for solution by the year 2000 were 
considered to be: 

- Pattern recognition; 

- Memory: random access in large capacity, molecular memory, 
holographic memory; 

- Biological software: functions such as learning, self- 
modification and adaptive control. 

In a report to an OECD meeting in December 1973, Dr. Anderla di- 
vided systems science and engineering into five fields--hardware, 
software, systems design, terminals and telecommunications. He 
quoted predictions that the computer problems in the field of 
systems engineering such as the leveling-up of adaptation and 
learning and optical memories would be solved by the 1980s. 

Forecast on Cost of the Health Care Service 

Macro- and micro-economic studies on the cost of computers 
and terminals were made by a working group from the national MIS 
project teams. 

The macro-economic study provided the following information: 
the gross national product (GNP) for 1985 was estimated at 165 
trillion to 220 trillion yen, the cost of installing computers 
at 4.3 to 5.7 trillion yen and total expenditures on national 
health care at 6.6 to 10.6 trillion yen which represented 2.6% 
and 45-4-85 respectively of GNP (Table 1). 

Out of the total expenditures on national health care, data 
processing would cost 320 to 550 billion yen which would be 
equivalent to 7% to 9% of the cost of computer installation. 

On the other hand, the micro-economic study indicated that 
the total expenditures required for setting up computer terminals 
as well as installing computers in the central and regional medi- 
cal information centers would amount to 377.5 billion yen, plus 
100 billion yen for hospital computers, making a total of around 
500 billion yen (Table 2). This amount agrees with the forecast 
of 500 billion yen arrived at in the macro-economic study. 

Forecast on Manpower 

Many trained personnel will be required to operate the medi- 
cal information system, but the training of systems engineers is 



Table 1. Forecast on costs of national health care and instal- 
lation of computers. *(Unit: 10 Yen) 

edical Information National Center 2 

Table 2. Construction and installation costs of MIS. 

Installed Com- 
puters 17,000 26,000 42,000 49,000 54,000 72,000 



the most urgent problem because there will be a serious shortage 
of such personnel in the information-oriented society of the fu- 
ture. 

The total number of computers in Japan was 24,183 in 1975. 
It is forecasted that this will rise to 42,313 in 1978 and 61,425 
in 1980 and for these operations, many systems engineers will be 
required. 

The gap between the supply and demand of systems engineers 
will increase year by year and the ratio of supply to demand will 
be 17.5% by 1980, as shown in Table 3. 

Table 3. Forecast of ratio of supply and demand of systems 
engineers and programmers in Japan. 

If 100 billion-130 billion yen per year is spent on education 
and training, there will still be 40,000 systems engineers short. 
To this figure must be added the demand for 40,000 systems engi- 
neers in the medical field. This shortage may be one of the most 
important problems in providing manpower to operate MIS. 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

Changes in Social Values 

Present-day society is a flexible and ceaselessly changing 
information-oriented society in which multifarious and sometimes 
conflicting values co-exist. To achieve social welfare and great- 
er equality, affluence is necessary, but from the viewpoint of 
ecology, there is a limit to supplies of resources and manpower. 

Demand 
(A1 

(Number ). 

161,050 

197,470 

239.450 

288,190 

345,320 

412,880 

493.960 

At this point, improved efficiency by means of computeriza- 
tion becomes important. 

supply 
(B) 

(Number) 

57,439 

62,323 

67,232 

72,120 

76,974 

81,788 

86,556 

Ratio of 
B to A 

( % )  

35.7 

31.6 

28.1 

25.0 

22.3 

19.8 

17.5 



THE IMPACT OF MIS ON INDIVIDUALS AND SOCIETY 

I n  view of  t h e  problems f o r e s e e n ,  it is  a n t i c i p a t e d  t h a t  t h e  
d a t e  a t  which MIS w i l l  b e  i n t r o d u c e d  i n  J apan  w i l l  b e  1980 .  

A s  MIS i s  a  compl ica ted  s o c i a l  sys tem,  a  wide r a n g e  of peo- 
p l e  i s  concerned .  However, i n  o r d e r  t o  c l a r i f y  problems o f  t e ch -  
n o l o g i c a l  and s o c i a l  a s s e s smen t ,  t h e y  may be  c l a s s i f i e d  a s  f o l -  
lows: h e a l t h y  c l i e n t ,  p a t i e n t ,  med i ca l  d o c t o r ,  a d m i n i s t r a t o r  o f  
med i ca l  i n s t i t u t i o n ,  paramedica l  s t a f f ,  ( sy s t ems )  e n g i n e e r ,  medi- 
c a l  o f f i c e r ,  and p e o p l e  working i n  t h e  med i ca l  i n d u s t r i e s .  

F i e l d s  Af f ec t ed  

I t  i s  a n t i c i p a t e d  t h a t  t h e  i n f l u e n c e  of MIS on s o c i e t y  a t  
l a r g e  w i l l  b e  deep  and f a r - r a n g i n g .  A s  shown i n  Tab l e  4, it w i l l  
a f f e c t  t h e  f o l l o w i n g  f i e l d s :  i n d i v i d u a l s ,  medic ine ,  economics 
and i n d u s t r y ,  s c i e n c e  and t e chno logy ,  and s o c i e t y .  

The d e t a i l s  a r e  summarized i n  Tab l e  4 .  

Tab l e  4.  F i e l d s  a f f e c t e d  by t h e  o p e r a t i o n  o f  t h e  medica l  i n -  
f o rma t ion  system. 

1) Individuals  4 )  Science & Technology 

User 1 )  Healthy c l i e n t  1 )  Medical technology 
2) Pa t i en t  2) Medical e l ec t ron ics  

engineering 
Supplier 1 )  Concerned with medical care  3 )  Systems engineering 

a)  medical doctor 
4) Telecomunicat ions  

b) paramedical s t a f f  
technology 

2 )  Medicine 

1 )  Medical pol icy 
2) Medical i n s t i t u t e s  

(Fac i l i t y )  
3) Medical p rac t i ce  

3) Economics & Industry 

1) Cost of MIS 
2 )  Financial  system 
3) Industry 

E v a l u a t i o n  o f  Impact 

5) Society 

1 )  Human r i g h t  and privacy 
2 )  Social  s ecur i ty  
3)  Prolongation of l i f e  span 

(old people, employment) 
4) Medical regime & s t r u c t u r e  
5) Social  s t r u c t u r e  

E v a l u a t i o n  o f  h e a l t h  c a r e  a c t i v i t i e s  h a s  proved d i f f i c u l t ,  
because  a  q u a n t i t a t i v e  e s t i m a t e  o f  c o s t  e f f e c t i v e n e s s  i s  a lmos t  
imposs ib l e .  



We may be forced to make a qualitative evaluation. 

The following approaches are being considered for evaluating 
MIS: technological, economic, medical, and social. 

Effects of Impact 

It is anticipated that the main effects of MIS will be posi- 
tive, with negative side effects and some neutral effects. These 
effects are summarized in Table 5 for each of the fields mentioned 
above. 

Measures to Counter the Negative Effects of MIS 

In order to sound public opinion about the development of 
MIS, the MHW project team sent out questionnaires in 1973. Uneas- 
iness was mainly expressed about its impact on society as detail- 
ed in Table 5. 

It is therefore important to investigate measures to counter 
its negative effects as shown in Table 6. 



Table 5 .  Main and s i d e  e f f e c t s  caused by MIS. 

d i s e a s e s  w i l l  be  p o s s i b l e .  

2) Prevent ion  of d i s e a s e s  w i l l  
improve. 

3)  L i f e  expec taqcy  w i l l  be  prolonged.  

4) Hea l th  s t a t u s  w i l l  improve. 

P o s i t i v e  main e f f e c t s  

1 )  Hea l th  c a r e  a d m i n i s t r a t i o n  w i l l  
improve and e a r l y  d e t e c t i o n  o f  

1 )  R e h a b i l i t a t i o n  w i l l  improve and 
t h e  r e i n t e g r a t i o n  o f  t h e  p a t i e n t  
i n t o  s o c i e t y  w i l l  be  f a c i l i t a t e d .  

Negative s i d e  e f f e c t s  

1 )  I n c r e a s e d  n a t i o n a l  e x p e n d i t u r e s  
on  h e a l t h  and medica l  c a r e .  

2) G r e a t e r  e q u a l i t y  i n  t r e a t m e n t  
and improved h e a l t h  c a r e  i n  
remote a r e a s .  

3) Improvement i n  q u a l i t y  of medica l  
s e r v i c e s .  

4 )  Waiting t ime  i n  h o s p i t a l  w i l l  be  
reduced.  

5 )  w a s t e f u l  medica l  c o s t s  w i l l  b e  
reduced.  

6 )  C o n s u l t a t i o n s  a t  medica l  i n s t i -  
t u t e s  w i l l  become easy .  

2 )  F e a r  o f  i n v a s i o n  of p r i v a c y .  

3 j  People  w i l l  become uneasy a t  
d e t e c t i o n  o f  d i s e a s e s  t h a t  
would d i s a p p e a r  w i t h o u t  medica l  
t r e a t m e n t .  

4)  Misd iagnos is  and m i s t r e a t m e n t  
due  t o  e r r o r  o f  computer o r  
system. 

1) P a t i e n t ' s  freedom t o  s e l e c t  med- 
i c a l  d o c t o r s  w i l l  be  r e s t r i c t e d .  

2 )  c o s t  o f  medica l  c a r e  w i l l  i n -  
c r e a s e .  

3)  R e l a t i o n s h i p  w i t h  M.D. and 
p a t i e n t  w i l l  become l e s s  persona :  

4 )  F e a r  o f  i n v a s i o n  o f  p r i v a c y  
through checks  on p a t i e n t ' s  
h i s t o r y .  

5 )  u n c e r t a i n t y  r e g a r d i n g  r e s p o n s i -  
b i l i t y  i n  t h e  e v e n t  o f  a  b reak-  
down i n  t h e  system. 

6 )  Misd iagnos is  4 m i s t r e a t m e n t  
owing t o  breakdown i n  system. 

1 1 1 21 Level ing-up  o f  t 4 . D . ' ~  knowl- 1 2 )  C o l l a p s e  o f  r e l a t i o n s h i p  between 
a edge a t echnique .  1 d o c t o r  and p a t i e n t .  

C I I 

3) M.D.  ' s  ex t ra -medica l  d u t i e s  3 )  I n c r e a s e d  r e g i m e n t a t i o n  o f  1 1 w i l l  be reduced.  1 M.D.S. 

4) Back-up f o r  M.D. w i l l  be  pro- 

5) Good f o r  medica l  e d u c a t i o n .  

P 

1 )  P o l l u t i o n  by  f l o o d  of  medica l  
i n f o r m a t i o n .  

m 

1 )  Expansion o f  scope  o f  work 

2 )  Re lease  from i n c i d e n t a l  jobs .  

1) Improvement i n  e f f i c i e n c y  o f  
M.D. 

4) Loss o f  M.D. ' s  j o b  s a t i s f a c t i o n .  

5 )  Diminution of M.D.'s c o r n u n i t y  
r o l e .  

6)  Occurrence  o f  n e e d l e s s  d i s p u t e s  
about  medica l  c a r e .  

7 )  B u r e a u c r a t i z a t i o n  o f  M.D. 

1) S h o r t a g e  o f  manpower due  t o  ex: 
pans ion  o f  scop,e o f  work. 

. More r i g o r o u s  t r a i n i n g  
t o  a c h i e v e  h i g h  medica l  
t echnology .  I- - Medical  d u t i e s  under-  1 



Table 5. (continued) 

P o s i t i v e  main e f f e c t s  
-- - - - - -- - . - - - - - 

1 )  Answer t o  i n c r e a s i n g  demands 
f o r  h e a l t h  c a r e .  

2) Optimum a l l o c a t i o n  of l i m i t e d  
medica l  r e s o u r c e s .  

3 )  Leveling-up o f  q u a l i t y  o f  
h e a l t h  c a r e  w i t h  minimum i n -  
c r e a s e  o f  medica l  r e s o u r c e s .  

4)  P o s s i b i l i t y  o f  medica l  a u d i t .  

5)  C o m p a t i b i l i t y  w i t h  o t h e r  
s o c i a l  systems. 

6 )  Data c o l l e c t i o n  f o r  medica l  
p lanning .  

Negat ive  s i d e  e f f e c t s  

11 Increased  c o s t  o f  h e a l t h  c a r e .  

2 )  Shor tage  o f  manpower. 

I N e u t r a l  1 
. Revis ion  of t h e  h e a l t h  c a r e  

s t r u c t u r e .  . Amendment o f  medica l  l e g i s -  
l a t i o n .  

P lanning  f o r  new medical  
e d u c a t i o n .  

1 )  Medical i n s t i t u t e s  l i n k e d  
i n  a network.  

2) I n t e g r a t i o n  of i n s t i t u t e s  
i n t o  r e g i o n a l  h e a l t h  c a r e  
system 

3 )  p l a n t i t a t i v e  p l a n n i n g  i n  
i n s t i t u t e s .  

4)  Optimum a l l o c a t i o n  o f  
i n s t i t u t e s  w i t h i n  a reg ion .  I 

5 )  Saving o f  w a s t e f u l  c o s t s .  I 

1) Emergence of d i f f e r e n t i a l  rank- 
i n g  between i n s t i t u t e s .  

2 )  Disorder  i n  t h e  e v e n t  o f  a 
breakdown i n  t h e  sys tem.  

3 )  Medical c a r e  o u t s i d e  t h e  s y s -  
tem h e l d  i n  s l i g h t  esteem. 

i N e u t r a l  I 
I - Reorganiza t ion  o f  i n s t i t u t e s .  1 

1 )  Accura te  d a t a  on medical  & 

h e a l t h  c a r e  c o l l e c t e d .  

2 )  Easy moni tor ing  o f  p a t i e n t s .  

3 )  Speed up ,  e q u a l i z a t i o n  and 
e x t e n s i o n  o f  medica l  s e r v i c e .  

4)  G r e a t e r  a c c u r a c y  i n  d i a g n o s i s  
8 t r e a t m e n t .  

5)  I n c r e a s e d  c u r e  r a t e .  

6 )  Achievement o f  comprehensive 
medicine.  

1 )  Regimenta t ion  o f  medica l  p rac-  
t i c e .  

2 )  R e s t r i c t i o n  o f  medica l  d o c t o r ' s  
freedom i n  medica l  c a r e .  

3 )  Dec l ine  i n  medica l  f i e l d s  n o t  
inc luded  i n  system. 



Table 5. (continued) 

Pos i t i ve  main e f f e c t s  Negative s ide  e f f r c t s  
pp -- - - - - - - --- 

1) Saving of wasteful medical cos t s .  t 1) Increased economic burden. 

1) Development of f i n a n c i a l  system 1) Decline of f i nanc ia l  system which 
fo r  medical ma te r i a l s .  i s  not associa ted with MIS. 

f 

-3 1) Development of medical e lec-  1) Rbnormal expansion of s p e c i f i c  
YI t r o n i c s  indust ry .  f i e l d s  which a r e  p ro f i t ab l e  f o r  
0 2 MIS. 

2) Development of hea l th  indust ry .  

A 3) Development of systems indus- 
W h  

f t r y .  

W H  

a Neutral 

t r o n i c s  equipment r a the r  than 
pharmaceutical drugs. 

1) Modernization of medical 1) Neglect of technology not asso- 
technology. c i a t ed  with t h e  systems cciences. 

'2 A 2) Development of medical e lec-  2) Cost increased due t o  in t roduct ion 

: 7i 
t r o n i c s  technology. of expensive medical e l ec t ron ic  

E E 3) Development of systems engi- 
equipment. 

w . c  
.4 U 0 w neering. 3) Reduction of cost/performance 
ul B 

4) Development of telecommuni- 
r a t i o  i n  favor  of high sa fe ty  & 

2 )  More equal access  t o  medical 1 2 )  Fear of bringing about con t ro l l ed  1 
care .  soc i e ty .  

2 
4 a 

I I 

3) Prolongation of l i f e  span. 1 3) Fear of invasion of privacy. 

1 )  Improvement i n  s o c i a l  welfare 
due t o  good medlcal care .  

4 )  Increased p o t e n t i a l  f o r  impol-- I 4)  Pol lut ion by information. 
t a n t  s o c i a l  a c t i v i t i e s .  

5) Increased f ee l ing  of human a l i en -  I a t ion .  

ca t ions  engineering. 

5) Development of technology of 
p a t t e r n  recogni t ion.  

1) Economical burden due t o  increased ' 
medical cos t s .  i 

6)  S t ruc tu re  of medical s e rv i ces  w i l l  
become precar ious .  

r e l i a b i l i t y .  

4)  Inadequate c o m ~ n i c a t i o n  l i n e s  
f o r  medical use. 

I 

7 )  Disorder i n  t h e  event of a break- 
down i n  the  system. 

8 )  Imbalance between demand and 
supply due t o  increased demands 
fo r  unnecessary hea l th  care .  

Increased demand f o r  hea l th  1 andwe l fa re .  

Neutral 

I Problems of o ld  people. I 

I 

I mploymenF problems ( type and 
a v a l l a b l l l t y  of l o b s ) .  



Table 6. Measures to counter the negative effects 
of introducing the MIS. 

R e s u l t  o f  Impact o f  Counter Measures 

Employment problems ( t y p e  
and a v a i l a b i l i t y  o f  j o b s )  

I n c r e a s e d  demands f o r  
h e a l t h  & w e l f a r e  

I n c r e a s e d  problems a b o u t  
o l d  p e o p l e  

V o c a t i o n a l  t r a i n i n g ,  more e q u a l  
medium medium I chances  o f  employment, change i n  

r e t i r e m e n t  age  

I n c r e a s e d  c o s t  o f  h e a l t h  
& medica l  c a r e  

c o n s i d e r a b l e  

medlum 

Improvement o f  e f f i c i e n c y  i n  med- 
i c a l  sys tem,  medica l  p l a n n i n g ,  
r e d u c t i o n  o f  medica l  demands 
th rough e d u c a t i o n  

C o l l a p s e  o f  s t r u c t u r e  o f  Reorganiza t ion  of s t r u c t u r e ,  ex ten-  
medica l  s e r v i c e s  medium medium s i o n  o f  s o c i a l  s e c u r i t y  

d i f f i c u l t  

medium 

Imbalance between demand 
and s u p p l y  due  t o  i n -  
c r e a s e d  demands f o r  
unnecessary  medica l  c a r e  

Welfa re  p l a n n i n g ,  e d u c a t i o n  i n  
s ~ l f - r e s t r a i n t  

Measures t o  d e a l  w i t h  such  
problems 

I I Regula t ion  by medica l  c a r e  p l a n n i n g ,  
p o l i c y  o f  c o n t r o l s  f o r  medica l  
i n d u s t r y  

c o n s i d e r a b l e  medium 

D i s o r d e r  i n  e v e n t  of I I Extens ion  o f  s a f e t y  system (Dual 
breakdown o f  system c o n s i d e r a b l e  medium sys tem,  back up sys tem,  e t c .  ) 

F e a r  o f  b r i n g i n g  about  
a c o n t r o l l e d  s o c i e t y  

F e a r  o f  i n v a s i o n  o f  
p r i v a c y  

medium 1 medium 
D e c e n t r a l i z a t i o n ,  p a r t i c i p a t i o n  
by c i t i z e n s  i n  a d m i n i s t r a t i v e  
o r q a n i z a t i o n  

P o l l u t i o n  by i n f o r -  
mation 

F e a r  o f  l o s s  o f  p e r s o n a l  
r e l a t i o n s h i p  between 
d o c t o r  and p a t i e n t  

d i f f i c u l t  

medium 

C o n t r o l  of  e d u c a t i o n  and q u a l i f i -  
c a t i o n s  o f  p e r s o n s  i n  c h a r g e  of d a t a  
p r o c e s s i n g ;  l e g i s l a t i o n ;  r e s e a r c h  
and deve lopnent  o f  hardware and s o f t -  
ware f o r  p r o t e c t i o n  o f  p r i v a c y  

s m a l l  

d i f f i c u l t  

medium 

S e l e c t i o n  o f  e s s e n t i a l  i n f o r m a t i o n  
through e d u c a t i o n  

P a t i e n t ' s  r i g h t  t o  s e l e c t  d o c t o r ;  
d o c t o r ' s  r i g h t  t o  p r o f e s s i o n a l  freedom. 
R e s t o r a t i o n  o f  d o c t o r ' s  r i g h t  t o  
c o n c e n t r a t e  on h i s  job ,  unburdened 
by ex t ra -medica l  d u t i e s  

F e a r  o f  p roducing  a 
regimented s o c i e t y  s m a l l  medium Medical  s e r v i c e s  w i l l  be  a v a i l a b l e  

o u t s i d e  t h e  system. Respec t  w i l l  b e  
p a i d  t o  c u l t u r e  and technology  o u t s i d e  
t h e  sys tems  s c i e n c e s  
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Methodological Aspects of Modeling and Decision Making 

In the Health Care System 

A. I. Yashin 

The overall need for improved planning and management of 
the national economy leads to some specific problems with regard 
to the health care system (HCS), one of them being to ensure 
the most rational allocation of resources within it. 

Since the health care system is not an industry, it is not 
always possible to formalize the concept of the "most rational" 
and this gives the decision maker or administration a certain 
freedom of action. 

The decision maker, typically, has a responsibility to 
make use of his experience and ability in order to foresee the 
consequences of his decisions and calculations and to judge be- 
tween alternative courses of action. 

At present means are available not only to improve consider- 
ably the forecasting capacity by developing and using the appro- 
priate computer model, but also to improve decision making to 
some extent with the help of man-machine dialogue. 

In order to achieve a meaningful interaction between the 
decision maker (the DM) and the computer, the man must feel a 
certain degree of confidence in the model. In other words, the 
model should provide a simulation of the processes occurring in 
the system which is "satisfactory" in the eyes of the adminis- 
tration. The man-machine interaction procedure is determined 
by the characteristics of the health care system, the model and 
the computer used for simulation. These are reflected in the 
special algorithmic computer language developed for use by the 
man and the computer for their dialogue. 

The development of an HCS model which can be put to prac- 
tical use, may be divided into the following stages: 

- As the first stage, the preliminary model is built; 

- At the second stage, the satisfactoriness of the model 
is checked and the method for it is developed; 

- At the third stage, the man-machine procedure for deci- 
sion making is developed. 

Each of these stages is discussed below in more detail. 



DEVELOPMENT OF THE PRELIMINARY MODEL 

To develop  t h e  p r e l i m i n a r y  model, w e  have f i r s t  t o  ana lyze  
t h e  problems f a c i n g  t h e  system. A t  t h i s  s t a g e ,  systems a n a l y s i s  
must be  used. I n  t h e  terminology of  systems a n a l y s i s ,  a  problem 
i s  d e f i n e d  a s  t h e  d i s c repancy  between t h e  c u r r e n t  aims o f  t h e  
a d m i n i s t r a t i o n  and t h e  r e a l  s i t u a t i o n .  The model should no t  be 
j u s t  a  s imu la t ion  o f  t h e  p r o c e s s e s  o c c u r r i n g  i n  t h e  system, it 
should  be  d i r e c t e d  toward problem-solving.  

A number of  subsystems a r e  i d e n t i f i e d  and t h e  l i n k s  between 
them a r e  d e s c r i b e d  u s i n g  t h e  l i s t  of  problems,  t y p i c a l l y  compiled 
by t h e  e x p e r t s ,  and an a n a l y s i s  o f  t h e  i n t e r n a l  o r g a n i z a t i o n  of  
t h e  system [ I  ,21 . 

Problem o r i e n t a t i o n  should be t aken  i n t o  account  when de- 
c i d i n g  upon t h e  subsystems t o  be  i nc luded ,  t h a t  i s ,  t h e  s o l u t i o n  
o f  each  problem r e q u i r e s  a n a l y s i s  of a  p a r t i c u l a r  group o f  sub- 
systems.  

R e l a t i o n s h i p s  between t h e  subsystems a r e  d e s c r i b e d  by u s i n g  
s t a t i s t i c a l  t e chn iques  i n  con junc t ion  w i t h  t h e  d a t a  provided by 
demographical ,  s o c i a l  and medica l  s t a t i s t i c s .  

When s t a t i s t i c a l  d a t a  a r e  i nadequa te ,  h e u r i s t i c  and eva lu-  
a t i o n  t echn iques  a r e  used. 

One o f  t h e  subsystems involved  i n  s o l v i n g  t h e s e  problems 
i s  t h e  popu la t i on ,  which c o n s i s t s  of  i n t e r a c t i n g  groups o f  peo- 
p l e  c l a s s i f i e d  i n  a  v a r i e t y  o f  ways. I n t e r a c t i o n  between t h e  
groups  c o n s i s t s  o f  an exchange of  i n d i v i d u a l s  between them. The 
i n t e r a c t i o n  f a c t o r s  a r e  de te rmined  from d a t a  on morb id i ty  and 
m o r t a l i t y  and o t h e r  i n d i c a t o r s  t a k e n  from medica l  and demograph- 
i c a l  s t a t i s t i c s .  

Another subsystem involved  i s  medical  personnel , ,  which may 
a l s o  be  conven ien t ly  r e p r e s e n t e d  a s  a  s e t  o f  i n t e r a c t i n g  groups ,  
c l a s s i f i e d  acco rd ing  t o  s p e c i a l i z a t i o n ,  educa t ion ,  q u a l i f i c a -  
t i o n s ,  e t c .  I n  t h i s  c a s e ,  i n t e r a c t i o n  a l s o  c o n s i s t s  of  an ex- 
change o f  i n d i v i d u a l s  between groups ,  by r e t r a i n i n g ,  changes of  
e d u c a t i o n a l  l e v e l ,  e t c .  

P rov i s ion  o f  an  adequate  number o f  medical  pe r sonne l  w i th  
t h e  a p p r o p r i a t e  s p e c i a l i z a t i o n  c o n s t i t u t e s  one o f  t h e  means of 
s o l v i n g  h e a l t h  c a r e  problems. 

Var ious  p a t t e r n s  o f  d i s t r i b u t i o n  o f  medica l  pe r sonne l  over  
s p e c i a l i z a t i o n s  w i l l  a f f e c t  t h e  s t r u c t u r e  o f  morb id i ty  i n  d i f -  
f e r i n g  ways. 

The models of t h e s e  subsystems a r e  d i s c u s s e d  below i n  
g r e a t e r  d e t a i l .  



The Popu la t ion  Model 

We v i s u a l i z e  t h e  popu la t ion  block a s  be ing  made up o f  a  
s e t  o f  i n t e r a c t i n g  subblocks c o n s i s t i n g  o f  t h e  models of v a r i o u s  
popu la t ion  groups.  The popula t ion  may be c l a s s i f i e d  i n t o  groups 
o f  people  s u f f e r i n g  from v a r i o u s  d i s e a s e s  a t  d i f f e r e n t  s t a g e s  o r  
groups c l a s s i f i e d  according  t o  s ex ,  educa t ion ,  m a r i t a l  s t a t u s ,  
number o f  c h i l d r e n ,  d i s a b i l i t y ,  income, occupat ion  o r  p a r t i c u l a r  
l i v i n g  c o n d i t i o n s ,  e t c .  Popula t ion  groups may a l s o  be  c l a s s i f i e d  
by v a r i o u s  combinat ions o f  t h e  above c h a r a c t e r i s t i c s .  

Let  u ( j , t , x ) A x  denote  t h e  number o f  people  i n  group j a t  
t ime t i n  t h e  age range  (x,x+Ax). The exchange o f  i n d i v i d u a l s  
between groups i s  given by t h e  f a c t o r s  q i i ( t , x , V t , y t ) .  By 

d e f i n i t i o n .  q i j  ( t Ix ,V t Iy t )At  i s ,  t o  an  accuracy  o f  O ( A t ) ,  t h e  

p ropor t ion  of  people from group i a t  age x who t r a n s f e r r e d  t o  
group j d u r i n g  t h e  t ime i n t e r v a l  from t t o  t + A t ,  provided t h a t  
t h e  i n d i c a t o r s  of  h e a l t h  c a r e  development a r e  a t  t h e  l e v e l  Vt 

and t h e  environment i s  c h a r a c t e r i z e d  by t h e  parameters  y It 
fo l lows  t h a t  t '  

where L i s  t h e  number of  popu la t ion  groups.  

The fo l lowing  equ i l i b r ium equa t ions  can  be r e a d i l y  w r i t t e n  
t o  an accuracy  of  O ( A t )  f o r  t h e  popu la t ion  groups 

(i, t-Ax ,x-Ax) Ax . 
Let  u s  deno te  

Then w e  f i n d  



When we t r a n s f e r  t h e  second term of t h e  r ight-hand s i d e  t o  t h e  
l e f t -hand  s i d e ,  d i v i d e  both s i d e s  by Ax, and l e t  Ax t end  t o  ze ro ,  
we o b t a i n  t h e  fo l lowing  system of p a r t i a l  d i f f e r e n t i a l  equa t ions  

where j  = 1 ,2  ,..., L. 

( I t  should be noted  t h a t  t h i s  equa t ion  can  be d e r i v e d  us ing  t h e  
p r o b a b i l i s t i c  approach t o  t h e  complicated problem o f  r ep roduc t ion  
and d e a t h . )  The i n i t i a l  c o n d i t i o n s  f o r  t h e s e  equa t ions  have t h e  
form 

where f  ( j  , x )  a r e  t h e  g iven  f u n c t i o n s  which de termine  t h e  age 
s t r u c t u r e  of  t h e  groups a t  t h e  moment 0. 

The boundary c o n d i t i o n  f o r  X = 0 has  t h e  form 

where F ( i , j , t , x )  i s  t h e  number o f  t h e  newborn b a b i e s  e n t e r i n g  
t h e  group j  who have p a r e n t s  i n  group i of t h e  age  range  
(x,x+Ax) d u r i n g  t h e  t ime i n t e r v a l  from t t o  t + Ax, X be ing  t h e  
l i m i t i n g  age.  

I f  t h e  system has  an  immigration f low M ( j , t , x )  and an  emi- 
g r a t i o n  flow N ( j , t , x )  t h e  equa t ions  a r e  modif ied i n t o  

t h e  boundary c o n d i t i o n s  f o r  t h e s e  equa t ions  remaining t h e  same. 

By making u s e  of t h e  d e l t a  func t ion  concept ,  t h e  boundary 
c o n d i t i o n s  may be inco rpora t ed  i n t o  t h e  r ight -hand s i d e  o f  t h e  
equat ion  ( s e e  [ I ]  ) 



The Medical Personnel  Model 

To complete t h e  system of equa t ions ,  we have t o  provide  a 
d e s c r i p t i o n  o f  changes i n  t h e  h e a l t h  c a r e  and environment in-  
d i c a t o r s  . 

Let  u s  denote  by Vt t h e  number of  t h e  medical  personnel  
d iv ided  i n t o  M groups  

where Vit i s  t h e  number of t h e  medical  pe r sonne l  i n  group i a t  
- 

t h e  time t. The groups may be c l a s s i f i e d  by medical  s p e c i a l i z a -  
t i o n s ,  q u a l i f i c a t i o n s ,  s ex ,  e t c .  

Le t  u s  denote  by K , , ( t , x )  t h e  f a c t o r s  which de termine  t h e  
LJ  

exchange of  i n d i v i d u a l s  between t h e  medical  pe r sonne l  groups,  
s i m i l a r  t o  t h e  f a c t o r s  q i j ( t ,x ,Vt ,y tu)  f o r  t h e  popu la t ion  groups.  

Then w e  can d e r i v e  t h e  e q u i l i b r i u m  equa t ions  f o r  personnel  i n  
t h e  groups  t o  an  accuracy  of  O(Ax) 

+ .'.'ij (t-Ax,x-AX)U (i, t-Ax) Ax 
I# I 

where P { i , t , x ) A x  i s  t h e  number o f  medical  pe r sonne l  i n  group i 
a t  t ime t i n  t h e  age  range  (x,x+Ax); Q(j,t-Ax,x-Ax)Ax is t h e  
number o f  pe r sonne l  t r a n s f e r r e d  t o  group j  d u r i n g  t h e  t ime in -  
t e r v a l  from t - Ax t o  t i n  t h e  age  range  x - Ax and P( j , t -Ax,  
x-Ax)Ax i s  t h e  number o f  personnel  who l e f t  group j  d u r i n g  t h e  
t i m e  i n t e r v a l  from t - Ax t o  t i n  t h e  age  range  x - Ax. 

L e t  u s  deno te  K j  ( t , x )  = - C K .  . ( t , x )  . A s  wi th  t h e  equa- 
i # j  J1 

t i o n  f o r  u ( j  , t , x )  , w e  o b t a i n  t h e  equa t ion  f o r  u ( j  , t , x )  by l e t t i n g  
Ax t end  t o  z e r o  

A t  t i m e  t = 0, t h e  d i s t r i b u t i o n  is  known--it e q u a l s  F ( j , x ) .  
Moreover, g radua te s  from t h e  v a r i o u s  medical  s choo l s  e n t e r  t h e  
medical  personnel  groups a t  t i m e  tK i n  t h e  numbers V ( j , t K , x ) .  

-. 

Taking i n t o  account  t h i s  f a c t  and t h e  i n i t i a l  c o n d i t i o n s ,  t h e  
equa t ion  may be  r e w r i t t e n  a s  



The v e c t o r  Vt = (Vl t , , V 2 t l . .  . ,VMt) , which is t h e  argument of  t h e  

f u n c t i o n  q i j  ( t , x , V t , y t , u t ) ,  h a s  t h e  components 

The Medical Educat ion Model 

S ince  t h e  t r a i n i n g  o f  p h y s i c i a n s ,  n u r s e s  and a u x i l i a r y  
medica l  personnel  t a k e s  a  c e r t a i n  amount o f  t ime ,  it may be 
e a s i l y  s een  t h a t  t h e  f u n c t i o n  V ( j , t K l x )  s a t i s f i e s  t h e  system 

of equa t ions  w i t h  t ime  d e l a y  

Here T i s  t h e  t ime r e q u i r e d  t o  t r a i n  t h e  medica l  pe r sonne l  i n  
j 

1 2  group j; T ~ , T ~ , . . .  , T  
Ri 

= T a r e  t h e  p e r i o d s  r e q u i r e d  f o r  t h e  
j j 

s u c c e s s i v e  s t a g e s  o f  t r a i n i n g  and R i s  t h e  number o f  t r a i n i n g  
s t a g e s  f o r  personnel  i n  group j . j 

The f a c t o r s  B i j  (tK - r n )  equa l  t h e  p r o p o r t i o n  o f  pe r sonne l  
3 

i n  group i who were r e t r a i n e d  a t  s t a g e  nM o f  t r a i n i n g  a s  person- 

n e l  f o r  group j. Le t  u s  deno te  by q ( j , t K - r j , x - r . ) A x  t h e  
3 

number o f  f i r s t  y e a r  s t u d e n t s  o f  s p e c i a l i z a t i o n  j i n  t h e  yea r  
tK - T i n  t h e  age  r ange  (X-T ,x - r .+Ax) .  

j1 j I 

The system may be r e g u l a t e d  by d e f i n i n g  V(j,tK-.rj ,x-.r  ) 
n j 

f o r  each  v a l u e  o f  t and t h e  f a c t o r s  B i j ( t K - T . )  w i t h  r e s t r i c t i o n s  K 3 



Below it w i l l  be assumed t h a t  q i j  ( t , x ,Vt ,y t ,u )  = qi j  ( t , x ,Vt )  . 

Let u s  assume t h a t  a pre l iminary  model has been developed 
and b u i l t  wi th  a computer. However, it can be used only when 
t h e  admin i s t ra t ion  f o r  which it has been developed has checked 
it and found it t o  be s a t i s f a c t o r y  i n  r e l a t i o n  t o  t h e  r e a l  sys-  
tem. 

The "adequacy" of models f o r  many t echno log ica l  systems 
is  checked by us ing t h e  "adequacy" c r i t e r i o n  which r e p r e s e n t s  
t h e  model's capac i ty  t o  s imulate  r e a l  processes.  

The development of  such a c r i t e r i o n  f o r  models of socio- 
economic systems involves  some d i f f i c u l t i e s .  The f a c t  is  t h a t  
t h e  admin i s t ra t ion  cannot always provide a q u a n t i t a t i v e  mathe- 
ma t ica l  formulation f o r  the  "adequacy" c r i t e r i o n .  A t  t h e  same 
time, t h e  dec i s ion  maker (DM) experiences some psychological  
d i f f i c u l t i e s  i n  accept ing a formal c r i t e r i o n  developed by an 
exper t  on mathematical s imulat ion.  

For tunate ly ,  t h e  DM has a wonderful a b i l i t y  t o  gauge t h e  
s imulat ion c a p a c i t i e s  of va r ious  models, t h a t  i s ,  t o  eva lua te ,  
which model i s  more adequate. 

This a b i l i t y  of t h e  DM, which stems from h i s  accumulated 
experience i n  managing t h e  system, makes it poss ib le  t o  u t i l i z e  
t h e  man-machine procedure of t e s t i n g  t h e  model wi th  t h e  purpose 
of g iving t h e  DM some confidence i n  it. 

The system which t h e  DM r e v e a l s  i n  t h e  preferences  t h a t  
determine h i s  v e r d i c t  on t h e  model's "adequacy' i s  equ iva len t ,  
under c e r t a i n  cond i t ions ,  t o  t h e  ex i s t ence  of a c e r t a i n  funct ion 
which g i v e s  r i s e  t o  t h i s  preference  system. 

For ins tance ,  l e t  us  assume t h a t  t h e r e  a r e  models which 
d i f f e r  i n  t h e  value  of a parameter C and the  r e s u l t s  obtained 
wi th  t h e s e  models a r e  checked by t h e  DM. (Let  u s  assume t h a t  
it i s  t h e  parameter which determines t h e  d i f f e r e n t  va lues  of 
t h e  f a c t o r  q i j  i n  t h e  equat ions  desc r ib ing  population dynamics.) 

The DM makes a judgment about which of t h e  two models wi th  param- 
e t e r s  C1 and C2  r e s p e c t i v e l y  is  t h e  more "adequate"; t h i s  judgment 

i s  equ iva len t  t o  t h e  ex i s t ence  of a c e r t a i n  func t ion  f ( C )  which 
has t h e  following property.: i f  t h e  DM be l i eves  t h a t  t h e  model 
wi th  parameter C1 i s  p re fe rab le  t o  t h e  model wi th  parameter C 2  

- 

then we have f  (C1 > f  ( C 2 )  ; i f ,  f o r  parameters C3 and cq ,  we have 



f (C3)  > f ( C 4 )  , then t h e  model wi th  parameter C3 is more adequate 

than t h e  model with parameter C q .  Thus, t h e  problem of f ind ing  

t h e  adequate model is reduced t o  t h e  problem of  f ind ing  t h e  
va lue  of C f o r  which t h e  func t ion  f ( C )  has  a maximum, though t h e  
e x p l i c i t  express ion f o r  t h e  func t ion  f ( C )  i s  not  known. 

Is it poss ib le  t o  f i n d  t h e  value  of C from t h e  DM'S pre-  
f e rence  system without knowing t h e  form o f  f ( C ) ?  It t u r n s  o u t  
t h a t  i t  is .  Indeed, l e t  f (C)  have only  one maximum. Then f o r  
each va lue  C1 and C2 we know t h e  s i g n  of t h e  d i f f e r e n c e  f ( C , )  - 
f ( C 2 )  and hence we know t h e  d i r e c t i o n  i n  which t h e  func t ion  in- 

c reases .  

The next model t o  be checked by t h e  DM has parameter C3 

which can be chosen by t h e  computer i t s e l f  by "stepping" i n  t h e  
parameter space towards increased values  of  t h e  func t ion  f ( C )  
from whichever of t h e  po in t s  C1 and C2 has been p re fe r red .  Thus, 

t h e  DM has  t o  determine which of t h e  two models compared by t h e  
computer i s  p re fe rab le .  I n  i t s  t u r n ,  t h e  computer has  t o  s e l e c t  
t h e  " s t ep"  i n  t h e  parameter space given convergence t o  t h e  po in t  
of t h e  h ighes t  preference.  

I f  t h e  DM does no t  f i n d  t h e  model adequate a f t e r  t h i s  pro- 
cedure,  t h e  s t r u c t u r e  of t h e  model and t h e  parameter vec to r  
should be changed and t h e  procedure should be repeated.  When 
t h e  DM i s  s a t i s f i e d  with t h e  s imulat ion capac i ty  of t h e  model, 
t h e  decision-making s t a g e  may be i n i t i a t e d .  

THE MAN-MACHINE DECISION-MAKING PROCEDURE 

Let us assume t h a t  we have a model which i s  considered t o  
be of p r a c t i c a l  use. How can t h e  model c o n t r i b u t e  t o  s e l e c t i n g  
t h e  most e f f e c t i v e  s o l u t i o n  from t h e  DM'S viewpoint? Socio- 
economic systems, such a s  h e a l t h  c a r e  a r e  d i f f i c u l t  t o  manage 
because t h e r e  i s  not  s tandardized formal c r i t e r i o n  of t h e  o p t i -  
mum. The c l a s s i c a l  opt imizat ion theory cannot provide a s o l u t i o n  
when t h e r e  is  no c r i t e r i o n  of t h e  optimum. However, t h e  s i t u a -  
t i o n  is  no t  hopeless.  The admin i s t ra t ion  can compare t h e  re -  
s u l t s  obta ined,  f o r  ins tance ,  wi th  two d i f f e r e n t  management ap- 
proaches and p r e f e r  one of them. Thus, a preference  system i s  
developed us ing t h e  s e t  of a l t e r n a t i v e s  i d e n t i f i e d  a t  t h e  f i r s t  
s t a g e  of  t h e  model development. Under c e r t a i n  cond i t ions ,  t h i s  
preference  system i s  equ iva len t  t o  a c e r t a i n  func t ion  s i m i l a r  
t o  t h a t  d iscussed i n  connection with t h e  problem of  adequacy. 

Let  us  denote  a management approach (o r  one of  t h e  a l t e r n a -  
t i v e  dec i s ions  of t h e  admin i s t ra t ion)  by V. The p r o p e r t i e s  of 
t h e  DM'S preference  system a r e  equivalent  t o  those  of t h e  func- 
t i o n  $(V) whose e x p l i c i t  form is  unknown. The procedure f o r  
f i n d i n g  t h e  po in t  of h ighes t  preference ,  V*, i s  i d e n t i c a l  t o  t h e  
procedure f o r  checking t h e  model descr ibed i n  t h e  previous  sec t ion .  



Note 2 .  The system of equa t ions  f o r  popu la t ion  groups i s  
a  g e n e r a l i z a t i o n  of  t h e  well-known demographical equat ion  f o r  
popu la t ion  s i z e  wi th  allowance f o r  age  s t r u c t u r e  [ 3 ] .  S i m i l a r  
equa t ions  a r e  f r e q u e n t l y  used i n  phys i c s  t o  d e s c r i b e  t h e  t r a n s -  
f e r  and exchange o f  ma t t e r  (u s ing  o t h e r  boundary c o n d i t i o n s ) .  

I n  h e a l t h  c a r e  problems, t h e  f a c t o r s  o f  t h e s e  equa t ions  
depend s i g n i f i c a n t l y  no t  on ly  on t h e  t ime t and t h e  age  x  but  
a l s o  on  t h e  o t h e r  parameters  of  t h e  model, f o r  i n s t a n c e ,  on t h e  
i n d i c a t o r s  of  system development Vt and on t h o s e  d e s c r i b i n g  t h e  

environment. Dynamics o f  t h e s e  i n d i c a t o r s  a r e  d e s c r i b e d ,  i n  
t h e i r  t u r n ,  by o t h e r  systems o f  equat ions .  

Note 2 .  It would be  more convenient  t o  have t h e  procedures  
t o  improve management de f ined  i n  t h e  form o f  f u n c t i o n s ,  r a t h e r  
t h a n  v e c t o r s .  It is c l e a r ,  h o w e v e r , , t h a t  c a l c u l a t i o n s  c a r r i e d  
o u t  by t h e  DM ( i n  t h i s  c a s e  r e l a t i n g  t o . t h e  f u n c t i o n  of  u s e f u l -  
n e s s )  w i l l  t h e n  invo lve  a  comparison of an i n f i n i t e  number of 
such  f u n c t i o n s  and t h i s  i s  i m p r a c t i c a b l e  w i t h i n  t h e  framework 
o f  t h e  method d i scussed .  

Note 3 .  The s imula t ion  approach used i n  t h i s  r e p o r t  in-  
volves  knowledge o f  t h e  " f i n e  s t r u c t u r e "  of  t h e  i n t e r a c t i o n  be- 
tween v a r i o u s  groups of  popu la t ion ,  namely, t h e  f a c t o r s  q i j .  

Unfo r tuna te ly ,  t h e . a v a i l a b l e  s t a t i s t i c a l  d a t a  do n o t  always 
y i e l d  s u f f i c i e n t l y  a c c u r a t e  v a l u e s  f o r  t h e s e  f a c t o r s .  Even 
though h e u r i s t i c  and e v a l u a t i o n  procedures c a n  c o n t r i b u t e  t o  
s o l v i n g  t h i s  problem, it i s  r a t h e r  d i f f i c u l t  t o  e s t a b l i s h  t h e  
adequacy o f  such a  model. 

I t  appears  t h a t  u se  o f  t h e  model w i l l  make it necessary  
t o  i n t r o d u c e  new techniques  f o r  t h e  c o l l e c t i o n  of d a t a  i n  t h e  
h e a l t h  c a r e  system. I n  t h e  absence of  a p p r o p r i a t e  informat ion ,  
t h e  methods o f  mul t id imensional  s t a t i s t i c a l  a n a l y s i s  should  be  
used,. 

Note 4 .  The s imula t ion  approach d i scussed  above has  c e r -  
t a i n  advantages ,  i n c l u d i n g  t h e  u s e  of  t h e  powerful methods o f  
numerical  i n t e g r a t i o n  of p a r t i a l  d i f f e r e n t i a l  equa t ions .  It 
may be  r e a d i l y  shown t h a t  t h e  d i f f e r e n t  approaches t o  s imu la t ion  
of t h e  h e a l t h  ca re .  system may be t r e a t e d  a s  s p e c i f i c  examples 
o f  t h e  a lgo r i thms  f o r  numerical  s o l u t i o n  of  t h e  above g e n e r a l  
equa t ions  g iven  i n  t h e  preceeding  s e c t i o n s .  
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Can Systems Modeling A i c B o t h  R a t i o n a l i z a t i o n  

And Humanization of  Heal th  Care? 

John H.  Milsum 

INTRODUCTION 

The i d e a l s  t o  be fol lowed i n  a  systems approach a r e  admira- 
b l e .  They inc lude  t h e  a b i l i t y  t o  "s tand  back" s u f f i c i e n t l y  f a r  
t o  de termine  impor tant  i n t e r a c t i o n s  wi th  o t h e r  systems and i n  
consequence t h e  a b i l i t y  t o  e s t a b l i s h  t h e  o r i g i n a l  system and i t s  
o b j e c t i v e s  from a  s u f f i c i e n t l y  broad v iewpoint .  

Th i s  broad viewpoint  is  implied by t h e  World Heal th  Organi- 
z a t i o n  d e f i n i t i o n  o f  h e a l t h  which comprises phys io log icaZ (phys- 
i c a l ) ,  mental  and s o c i a l  well-being,  r a t h e r  t h a n  merely t h e  ab- 
sence  of d i s e a s e  o r  i n f i r m i t y .  However u n t i l  r e c e n t l y ,  and co r -  
r e l a t e d  wi th  t h e  advances of  s c i e n t i f i c  medicine,  t h e  r o l e  of 
medicine has  been seen l a r g e l y  i n  terms of p h y s i c a l  d i s e a s e  and 
i t s  t r e a t m e n t  (F igure  1 ) .  More r e c e n t l y ,  t h e  r a p i d  r i s e  of psy- 
c h o l o g i c a l  s c i e n c e  and i t s  s e v e r a l  h e a l t h - r e l a t e d  p r o f e s s i o n s  
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Figure 1. Viewpoints for the health care system. 



has  seen  i n c r e a s i n g  emphasis upon t h e  menta l  h e a l t h  a s p e c t ,  a s  
inc luded i n  t h e  WHO d e f i n i t i o n .  S p e c i f i c a l l y ,  t h e r e  has  been 
i n c r e a s i n g  r e c o g n i t i o n  of a  t i g h t  mind-body coup l ing ,  which has  
g iven  rise t o  t h e  expres s ion  "psychosomatic i l l n e s s " ,  implying 
t h a t  p h y s i c a l  i l l n e s s  has  a  menta l  component. We observe  from 
t h e  o l d  expres s ion  "mens sana  i n  co rpore  sano" t h a t  t h i s  new 
r e c o g n i t i o n  l a r g e l y  s i g n a l s  a  r e t u r n  t o  long-held b e l i e f s  about  
t h e  i n d i v i s i b l e  d u a l i t y  of man. Most r e c e n t l y ,  a s  t h e  many i n -  
t e r a c t i n g  subsystems of  ou r  c i v i l i z a t i o n s  become evermore t i g h t -  
l y  coupled,  p a r t i c u l a r l y  through i n d u s t r i a l i z a t i o n  and urban- 
i z a t i o n ,  it has becomb impera t ive  t o  recognize  t h e  major e f f e c t s  
of  t h e  s o c i a l  environment upon i n d i v i d u a l  h e a l t h ,  a s  embodied 
i n  t h e  word s o c i a l  i n  t h e  WHO d e f i n i t i o n .  

Beyond a l l  t h i s ,  t h e  mythology of a l l  c o u n t r i e s  has  been 
concerned more wi th  t h e  l i f e  and d e s t i n y  of  t h e  i n d i v i d u a l  per-  
son t h a n  wi th  t h e  c i v i l i z a t i o n s  t h a t  s o c i a l  man has  genera ted .  
Thus, wh i l e  t h e r e  may be much cont roversy  about  t h e  e x t e n t  t o  
which man's c h a r a c t e r i s t i c s  a r e  acqu i r ed  o r  h e r e d i t a r y ,  it seems 
unarguable  t h a t  t h e  long h i s t o r y  of  h i s  e v o l u t i o n  has  provided 
him wi th  an impor tant  h i s t o r i c a l  component i n  h i s  o v e r a l l  view 
o f  l i f e .  This  has  been t r a n s l a t e d  i n t o  deeply  he ld  phi losophi -  
c a l ,  moral ,  and s p i r i t u a l  b e l i e f s  about  t h e  "purpose of  l i f e " .  
I n  any dynamical ly evolv ing  s o c i e t y ,  t h e  r e s u l t  w i l l  be consid-  
e r a b l e  t e n s i o n  between t h e  r i g h t s  and r e s p o n s i b i l i t i e s  of  t h e  
i n d i v i d u a l  and t h o s e  of  t h e  s o c i e t y  of which he i s  p a r t .  I n  any 
c a s e ,  such b e l i e f s  have impor tant  conno ta t ions  f o r  pe r sona l  
h e a l t h .  

A h i e r a r c h i c a l  view of  o r g a n i z a t i o n s  may a l s o  be h e l p f u l  
he re .  The c e l l s  of  which mankind a r e  comprised a r e  c e r t a i n l y  
o rde red  i n t o  a  h i e ra rchy  a s  i l l u s t r a t e d  i n  F igu re  2. I n  view 
of  t h e  i n c r e a s i n g  complexity and l eng th  o f  t h e  "t ime c o n s t a n t "  
a s  one moves up t h i s  h i e r a r c h y  from t h e  i n d i v i d u a l l y  v i a b l e  e l e -  
ment, t h e  c e l l ,  through man himself  t o  h i s  s o c i e t i e s ,  it seems 
n a t u r a l  t o  p o s t u l a t e  t h a t  t h e  lower l e v e l s  s u c c e s s i v e l y  c o n s t i -  
t u t e  subsystems f o r  t h e  l e v e l s  above, and t h e r e f o r e ,  i n  a  mean- 
i n g f u l  s ense ,  e x i s t  f o r  t h e  purpose of  s u s t a i n i n g  t h e  more com- 
p l ex  h ighe r  l e v e l s  of systems.  C e r t a i n l y  t h e r e  is  much evidence  
of  systems o p t i m i z a t i o n  i n  t e r m s  o f  c o n s t r a i n t s  be ing  app l i ed  a t  
many l e v e l s  i n  t h e  h i e ra rchy  upon t h e  l e v e l s  immediately below. 
On t h e  o t h e r  hand, it has  been remarked t h a t  from an  evo lu t ion -  
a r y  p o i n t  of view "an egg may r ega rd  a  ch icken a s  j u s t  a  way o f  
reproducing  ano the r  egg". I n  t h i s  c o n t e x t  t h e  human organism 
could  be p o s t u l a t e d  t o  r e p r e s e n t  only  a  more e f f e c t i v e  way f o r  
i n d i v i d u a l  c e l l s  t o  o rgan ize  s o  a s  t o  op t imize  t h e  c o n d i t i o n s  
f o r  t h e i r  own e x i s t e n s e ,  a s ,  f o r  example, i n  such c e l l  c o l o n i e s  
a s  sponges. 

A l l  of  t h e s e  appa ren t ly  p e r i p h e r a l  s u b j e c t s  a r e  i n  f a c t  
h igh ly  p e r t i n e n t  t o  a  systems approach t o  h e a l t h  c a r e .  F u r t h e r ,  
i n  t h e  h e a l t h  c a r e  system now being  cons idered  t h e r e  a r e  p r e s e n t ,  
a lmost  f o r  t h e  f i r s t  t ime,  a  number of f a c t o r s  which have c r u c i a l  
long-term s i g n i f i c a n c e .  Some of  t h e s e  a r e :  
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Figure 2. The human hierarchy. 
The multiple subsystems at any level are suggested by the 
several radiating lines. The variation in size at any level is 
suggested by the length of the link. 

- Meaningful medical  c o n t r o l  over  t h e  b i r t h  and d e a t h  
p rocess ;  

- A b i l i t y  t o  ( i n a b i l i t y  n o t  t o ? )  a l t e r ,  s i g n i f i c a n t l y  o r  
.quickly ,  t h e  phys i ca l  environment i n  which t h e  human 
r a c e  has evolved s o  slowly i n  p rev ious ly  r e l a t i v e l y  
unchanging c o n d i t i o n s  ; 

- The s t r e s s o r s  of  a  c i v i l i z e d  and e s p e c i a l l y  an urbanized 
s o c i e t y ;  

- The changing age  s t r u c t u r e  of t h e  popu la t ion  and i t s  
i m p l i c a t i o n s ,  e s p e c i a l l y  i n  r e l a t i o n  t o  g e r i a t r i c  h e a l t h  
c a r e .  

I n  evolv ing  a  good des ign  f o r  t h e  h e a l t h  c a r e  system, it is 
we l l  t o  bear  i n  mind how t h e s e  v a r i o u s  f a c t o r s  r e l a t e  t o  t h e  
fundamental l i f e  c y c l e  o f  every  i n d i v i d u a l ,  namely, concep t ion ,  
b i r t h ,  growth, m a t u r i t y ,  senescence  and d e a t h ,  a s  shown i n  
F igu re  3 .  The feedback from m a t u r i t y  t o  concept ion  i n d i c a t e s  
t h e  r e g e n e r a t i o n  process  due t o  r ep roduc t ion ,  whi le  t h e  feed-  
back pa th  from dea th  i n d i c a t e s  t h e  c y c l i n g  of success ive  genera-  
t i o n s  and t h e  i m p l i c a t i o n s  of  t h e  r e l e v a n t  b i r t h  and d e a t h  r a t e s  
on t h e  demography of  t h e  popula t ion .  
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Figure 3. The life cycle. 

The r e l a t i o n s h i p  between t h e  "humaneness" and " r a t i o n a l i t y "  
mentioned i n  t h e  t i t l e  o f  t h i s  paper  i s  explored  i n  F igu re  4 .  
This  sugges t s  t h a t  t h e  r a t i o n a l i t y  i s  based on an  e m p i r i c a l  s c i -  
ence  o f  medicine,  i t s e l f  based on empi r i ca l  s c i e n c e  g e n e r a l l y ,  
and does  n o t  i n h e r e n t l y  provide  any . b a s i s  f o r  t h e  many va lue  
judgements which a r e  needed i n  t h e  h e a l t h  c a r e  system. I n  i t s  
b roades t  s ense ,  humaneness, based o r i g i n a l l y  upon t h e  s o c i e t y ' s  
concep t s  o f  t h e  purpose of l i f e ,  must be t h e  b a s i s  f o r  such d e c i -  
s i o n s .  Humaneness then  becomes inco rpora t ed  i n  medicine more 
through t h e  " a r t "  t h a n  t h e  " sc i ence" .  I n  p a r t i c u l a r  t h e  " t ende r  
l ov ing  c a r e  (TLC)" which seems such a n  impor tant  component i n  
i l l n e s s  dynamics, d e r i v e s  mostly from t h e  humaneness a s p e c t ,  
s i n c e  r a t i o n a l i t y  concerns  i t s e l f  more d i r e c t l y  w i th  e f f i c i e n c y  
and op t imiza t ion  a s p e c t s .  The two a r e  no t  of  course  n e c e s s a r i l y  
incompat ib le ,  a n d x l t i m a t e l y  a l l  e t h i c a l l y  based d e c i s i o n s  w i l l  
be founded upon some combination o f  t h e  f a c t o r s  perce ived  through 
t h e s e  two s t reams.  While such d e c i s i o n s  can  occur  a t  a l l  t h e  
s t a g e s  of  F igu re  3 ,  t h o s e  which a r e  most c o n t r o v e r s i a l  i n  our  
s o c i e t i e s  today r e l a t e  t o  t h e  "con t ro l "  a s p e c t s  a t  b i r t h  and 
d e a t h .  

A systems approach t o  h e a l t h  c a r e  demands t h a t  many ques- 
t i o n s  be answered be fo re  such d e c i s i o n s  can  be made. The ques- 
t i o n s  r e l a t e  d i r e c t l y  of c o u r s e  t o  t h e  v a l u e ,  i n  t h e  b roades t  
s ense ,  o f  i n d i v i d u a l  l i f e  and hence t o  t h e  concepts  of  purpose 
i n  both i n d i v i d u a l  and s o c i a l  l i f e .  It i s  worth r e p e a t i n g  t h a t  
t h e s e  d i f f i c u l t  e t h i c a l  problems have now become inescapab le ,  
p a r t i c u l a r l y  because of t h e  very  e f f i c i e n c y  o f  our  modern high- 
technology h e a l t h  c a r e  systems through which it i s  now p o s s i b l e  
t o  e x e r c i s e  s i g n i f i c a n t  e f f e c t  upon t h e  span and q u a l i t y  of  
human l i f e .  

Ac tua l ly ,  i f  a  s u f f i c i e n t l y  though t fu l  systems view i s  
t a k e n ,  it may be impor tant  t o  q u e s t i o n  t h i s  l a s t  c la im.  For 
example, an a n a l y s t  needs much more d e f i n i t e  answers t h a n  now 
a v a i l a b l e ,  i n  regard  t o  t h e  r o l e  of  psycho-socia l  f a c t o r s .  Thus, 
it seems i n c r e a s i n g l y  c l e a r  t h a t  many a c c i d e n t s  and i l l n e s s e s  
a r e  e s s e n t i a l l y  c o n t r a c t e d  by t h e  i n d i v i d u a l  a s  " d i s e a s e s  of 
cho ice" ,  b u t  f o r  r ea sons  n o t  w e l l  understood.  I n  pursuing  t h i s  
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t hough t ,  we add t h e  concept  t h a t  a l l  i n d i v i d u a l s  behave purpose- 
f u l l y  i n  a  (c losed- loop)  c o n t r o l  system c o n t e x t .  I n  t h i s  con- 
t e x t ,  ove r  a  s u f f i c i e n t l y  long p e r i o d  o f  t ime and a t  a  s u f f i -  
c i e n t l y  deep  subconsc ious  l e v e l ,  an  i n d i v i d u a l  may t h e r e f o r e  
choose t o  become s i c k  a s  h i s  d e s i r e d  "ou tpu t  o f  performance". 
I n  o r d e r  t o  i n t e r v e n e  i n  t h i s  c losed- loop  system, it may obvi -  
o u s l y  be more e f f e c t i v e  i n  t h e  long run  t o  l e a r n  why t h e  param- 
e t e r s  o f  t h e  system have been changed s o  a s  t o  c o n c e n t r a t e  on 
s i c k n e s s  r a t h e r  t han  on t h e  more n a t u r a l  and b e n e f i c i a l  s t a t e  
o f  h e a l t h .  Otherwise we l l - i n t en t ioned  i n t e r v e n t i o n s  may n o t  
n e c e s s a r i l y  have t h e  q e s i r e d  e f f e c t ,  e s p e c i a l l y  i f  under taken  
i n  t h e  " t e c h n o l o g i c a l  f i x "  c o n t e x t  of  add re s s ing  a  symptom 
r a t h e r  t h a n  t h e  cause .  Th i s  i s  one  more example of where s i m -  
p l e  and a p p a r e n t l y  "good" i n t e r v e n t i o n s  i n  a  c losed- loop  com- 
p l e x  system may have "counter  i n t u i t i v e "  e f f e c t s .  S p e c i f i c a l l y  
t h e  e f f i c i e n t  " cu r ing"  of  one i l l n e s s  by medical  s c i e n c e  may n o t  
a b s o l v e  t h e  p a t i e n t  of h i s  need t o  be s i c k ,  which may t h u s  r e -  
s u l t  i n  t h e  subsequent  appearance  of  ano the r  i l l n e s s  t o  " r ep l ace"  
t h e  f i r s t .  C l e a r l y ,  a  systems approach t o  h e a l t h  c a r e  d e s i g n  
must t a k e  account  of  such c o m p l e x i t i e s  i n  i t s  a t t empt  t o  o p t i -  
mize e f f e c t s .  

More g e n e r a l l y ,  t h e  averaged i l l n e s s  r eco rd  of an  i n d i v i d u a l  
may b e  a  s i g n i f i c a n t  measure of  h i s  p e r c e p t i o n  of t h e  q u a l i t y  of  
h i s  l i f e .  For example, d u r i n g  p e r i o d s  o f  h igh  m o t i v a t i o n ,  mor- 
b i d i t y  u s u a l l y  d e c l i n e s  and v i c e  v e r s a .  Indeed it may w e l l  be 
t h a t  a  c o u n t r y ' s  morb id i ty  s t a t i s t i c s  can s e r v e  a s  a  r e a d i l y  
a v a i l a b l e  measure o f  t h e  q u a l i t y  of  l i f e  a s  pe rce ived  by t h e  pop- 
u l a t i o n  a t  l a r g e .  

HEALTH-ILLNESS DYNAMICS AND HEALTH STA%JS INDICATORS 

It i s  becoming wide ly  accep ted  t h a t  o v e r t  i l l n e s s  and d i s -  
a b i l i t y  o r  d e a t h ,  a r e  only  t h e  f i n a l  s t a g e s  i n  a  p roces s  of "d i s -  
e a s e "  i n  t h e  body t h a t  beg ins  many y e a r s  e a r l i e r .  Indeed t h e  
p a r t i c u l a r  form o f  d i s e a s e ,  a c c i d e n t  o r  i l l n e s s  t o  which t h e  
p a t i e n t  succumbs may be  r e l a t i v e l y  unimportant  compared t o  t h e  
body ' s  o v e r a l l  p r e v a i l i n g  d i s p o s i t i o n  toward non-heal th.  The 
g e n e r a l  form of  such a  p r o g r e s s i o n  i n  s i x  s t a g e s ,  w i t h  a  p a r t i c -  
u l a r  example of  a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e  ( h e a r t  a t t a c k )  
is shown i n  F i g u r e  5. A s  w i l l  be d i s c u s s e d ,  t h i s  p r o g r e s s i o n  has  
impor t an t  i m p l i c a t i o n s  f o r  t h e  d e s i r a b l e  ba l ance  between preven- 
t i v e  medic ine  and a c u t e  s i c k  c a r e .  

From t h e  v iewpoin t  of an  i d e a l  Heal th  S t a t u s  I n d i c a t o r  (HSI) ,  
it can  t h e r e f o r e  be expected t h a t  a  " s t a t i c "  i n d i c a t o r  w i l l  be 
inadequate  u n l e s s  it can  be s u b t l e  and comprehensive enough t o  
i n c o r p o r a t e  t h e  b iochemica l ,  enzymatic ,  hormonal and phys io log i -  
c a l  d e t e r i o r a t i o n s  from op t ima l  t h a t  presumably occu r ,  a s  sub- 
t h r e s h o l d  p r e c u r s o r s ,  long  b e f o r e  t h e  d i s e a s e  a c t u a l l y  b reaks  
o u t  on t h e  s u r f a c e .  Thus a  s a t i s f a c t o r y  HSI needs t o  be  "dynamic" 
i n  o r d e r  t o  i n c o r p o r a t e  t h e  long  t ime l a g s  between c a u s a l  f a c t o r s  
and t h e  o n s e t  of  i l l n e s s .  
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Figure 5. Natilral history of disease. 

A G E  
( E . G .  A B O V E  
4 5  Y E A R S )  

Medical s c i e n c e  seems t y p i c a l l y  t o  have been unduly concern-  
ed t o  d i s c o v e r  t h e  " s i n g l e  cause"  f o r  each g iven  d i s e a s e  i n  ou r  
r e c e n t  r e sea rch -o r i en t ed  age .  Th i s  concern d e r i v e s  i n  p a r t  from 
t h e  "germ-theory" of  d i s e a s e  e t i o l o g y  and perhaps  i n  p a r t i c u l a r  
from t h e  hope t h a t  i f  a  major cause  can  be i s o l a t e d ,  t h e n  biomedical  
" technology"  can develop  a  c u r e .  However, r e c e n t  h i s t o r y  has  
shown t h a t  such c u r e s  u s u a l l y  t u r n  o u t  t o  be e i t h e r  p a r t i a l  o r  
t o  have s i g n i f i c a n t  s i d e  e f f e c t s  o r  t o  be e f f e c t i v e  on ly  u n t i l  
r e s i s t a n c e  deve lops .  Indeed a  " t e c h n o l o g i c a l  f i x "  cannot  r e p r e -  
s e n t  a  systems approach s i n c e  it i s  now e v i d e n t  t h a t  t h e  major 
s e t  o f  i n t e r a c t i o n s  i n  a  complex system must be unders tood  b e f o r e  
c u r e  o r  c o n t r o l  i n t e r v e n t i o n s  a r e  a t tempted .  
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I n  t h i s  r e g a r d ,  a  s i g n i f i c a n t  number of p e r t i n e n t  r i s k  f ac -  
t o r s  have been e s t a b l i s h e d  a s  common f e a t u r e s  f o r  many d i s e a s e s .  
For  a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e  t h e  fo l lowing  a r e  known: t o -  
bacco smoking h a b i t s  i n c r e a s e d ,  blood c h o l e s t e r o l  e l e v a t e d ,  blood 
p r e s s u r e  e l e v a t e d ,  d i a b e t e s  p r e s e n t ,  d i a b e t e s  i n  f ami ly  h i s t o r y ,  
overweight ,  l a c k  of e x e r c i s e ,  and ischemic h e a r t  d i s e a s e  i n  fam- 
i l y  h i s t o r y .  

(2) 
A T  R I S K :  
V U L N E R A B L E  T O  
P R E C U R S O R S  

NO 
R I S K  

H I G H  B L O O D  P R E S -  
SURE,  H I G H  CHO-  
L E S T F R O L ,  C I G A -  
R E T T E  S M O K I N G  

More g e n e r a l l y ,  l i f e s t y l e  i s  emerging a s  a  g e n e r i c  sou rce  
o f  r i s k  f a c t o r s  f o r  a l l  major k i l l i n g  d i s e a s e s  i n  our  h igh ly  
developed s o c i e t i e s .  These " k i l l e r s "  range  i n  t h e i r  o r d e r  of  
importance from a  preponderant  s e t  of "v io l ence"  d e a t h s  (motor 
v e h i c l e  a c c i d e n t s ,  s u i c i d e ,  homicide,  drowning, e t c . )  f o r  t h e  
young, ( admi t t ed ly ,  w i th  lower o v e r a l l  d e a t h  r a t e s ) ,  t o  " indu l -  
gence" d e a t h s  due t o  degene ra t ive  d i s e a s e s  from middle age  on 
( h e a r t  a t t a c k ,  s t r o k e ,  pneumonia, cance r ,  e t c . ) .  

( 3 )  
AGENT,  PRECURSOR 
P R E S E N T  

(5 )  
SYMPTOMS 

(6) 
D I S -  
A B I L I T Y  

A B N O R N A L  
E L E C T R O -  
C A R D I O -  
G R A M  
( E G G )  

C H E S T  
P A I N S  

H E A R T  
A T T A C K  
( M Y O C A R D I A L  
I N F A R C T I O N )  



A s  an  o v e r a l l  c o n c e p t ,  it seems u s e f u l  t o  h y p o t h e s i z e  ill- 
n e s s  a s  t h e  r e s u l t  o f  a  dynamic p r o c e s s  i n v o l v i n g  d e v i a t i o n  from 
t h e  c o n d i t i o n s  p r e v a i l i n g  i n  t h e  homeostatically-maintained 
h e a l t h y  organism,  due t o  a  m u l t i - f a c t o r i a l  s e t  o f  p r e c u r s o r s  o r  
r i s k s .  S t r e s s  l e v e l s  may be t h e  u n d e r l y i n g  f u n c t i o n  r e p r e s e n t i n g  
t h i s  d e v i a t i o n .  A s  i n d i c a t e d  i n  F i g u r e  6 ,  t h e  major  r i s k s  a r i s e  
from g e n e t i c  i n h e r i t a n c e ,  env i ronmenta l  p h y s i c a l  s t r e s s o r s ,  env i -  
ronmenta l  p s y c h o l o g i c a l  s t r e s s o r s ,  and l i f e s t y l e  ( e . g .  m a l n u t r i -  
t i o n  and i nadequa t e  e x e r c i s e ) .  

GENETIC INHERITANCE 

7 

HEALTHIILLNESS 

LIFESTYLE; NUTRITION DYNAMICS 

LIFESTYLE; EXERCISE I 
HEALTH STATUS 

INDICATOR 

Figure 6 .  Multi-factoriality in health illness. 

STRESS RELAXATION 

A major  problem i n  t h e  s c i e n t i s t s '  e p i d e m i o l o g i c a l  approach 
t o  v e r i f y i n g  such  a  h y p o t h e s i s  i s  t h a t  t h e  c o n t r o l l e d  expe r imen t s  
n e c e s s a r y  f o r  f o rma l  p roof  a r e  comp l i ca t ed ,  expens ive  and t i m e -  
consuming, t o  s a y  t h e  l e a s t .  There  may a l s o  be  e t h i c a l  q u e s t i o n s  
a b o u t  t h e i r  a c c e p t a b i l i t y .  I n  t h i s  c o n t e x t ,  t h e  sys tems  approach 
would i n d i c a t e  t h a t  t h o s e  p a t h s  should  be  chosen which,  it i s  
g e n e r a l l y  a g r e e d ,  p robably  c o n t r i b u t e  toward h e a l t h  and d o  n o t  
have  s i g n i f i c a n t ,  known i l l - e f f e c t s .  Some examples a r e  [ I ] :  

.I. 

- It i s  b e t t e r  t o  b e  s l i m  t h a n  f a t .  

------ + ------ J 

- It i s  b e t t e r  n o t  t o  smoke c i g a r e t t e s .  

- E x e r c i s e  and f i t n e s s  a r e  b e t t e r  t h a n  s e d e n t a r y  l i v i n g  
and l a c k  o f  f i t n e s s .  

- Alcohol  i s  a  danger  t o  h e a l t h ,  p a r t i c u l a r l y  when d r i v i n g  
a  c a r .  



- T r a n q u i l l i t y  i s  b e t t e r  t h a n  e x c e s s  s t r e s s .  

- The l e s s  p o l l u t e d  t h e  a i r  i s ,  t h e  h e a l t h i e r  it  is .  

I n  s h o r t ,  a  sys tems  a p p r o a c h  would seem t o  i n d i c a t e ,  on  a l -  
most any c r i t e r i o n ,  t h a t  p r e v e n t i v e  m e d i c i n e  and t h e  promotion 
o f  h e a l t h  must become t h e  p r i m a r y  e f f o r t  o f  t h e  h e a l t h  c a r e  s y s -  
t e m ,  i f  t h e  p o p u l a t i o n ' s  h e a l t h  i s  t h e  t r u e  g o a l .  I n  one  s i m p l e  
schema, t h i s  i n v o l v e s  c o n c e n t r a t i n g  on t h e  f o l l o w i n g  major  modi- 
f i a b l e  a s p e c t s  f o r  a l l  peop le :  n u t r i t i o n ,  e x e r c i s e ,  stress r e -  
d u c t i o n ,  and e n v i r o n m e n t a l  q u a l i t y  and e c o l o g i c a l  b a l a n c e  ( i n -  
t e r n a l l y  and s o c i e t a l l y ) .  

Of c o u r s e ,  t h e  h e a l t h  c a r e  sys tem t h u s  d e f i n e d  embraces  most 
governmenta l  f u n c t i o n s  and a l s o  much o f  t h e  i n d i v i d u a l  p e r s o n ' s  
p r i v a t e  c o n c e r n s .  I n d e e d ,  a s  remarked e a r l i e r ,  t h e  h e a l t h  s t a t e  
becomes a  proxy f o r  t h e  q u a l i t y  o f  l i f e  a s  p e r c e i v e d  by s o c i e t y  
a t  l a r g e .  However, i n  d e a l i n g  w i t h  such a  l a r g e  sys tem,  t h e  
problem o f  how t o  a p p l y  t h e  t r a d e - o f f s  and c o m p r i s e s  n e c e s s a r y  
f o r  o p t i m i z a t i o n  o b v i o u s l y  becomes d i f f i c u l t ,  s i n c e  many d e e p l y -  
i n g r a i n e d  s o c i a l  b e l i e f s  and cus toms ,  a s  w e l l  a s  p r o f e s s i o n a l  and 
p o l i t i c a l  t e r r i t o r i a l i t i e s ,  a r e  i n v o l v e d .  

A f u r t h e r  v e r y  r e a l  problem may w e l l  b e  t h a t  u r b a n  c i v i l i z e d  
man h a s  a d a p t e d  t o  many h a b i t s  which a r e  c o n t r a - i n d i c a t e d  f o r  
h e a l t h ,  b u t  which n e v e r t h e l e s s  h a v e  been embraced a s  r e p r e s e n t i n g  
d e s i r a b l e  f e a t u r e s  i n  t h e  q u a l i t y - o f - l i f e  e q u a t i o n ,  g i v e n  t h e  
c o n s t r a i n t s  o f  p r e s e n t  s o c i e t y .  I n  s i m p l e  words,  a d v i c e  on  how 
t o  become h e a l t h y  and e n j o y  it i s  n o t  a lways  immedia te ly  welcomed. 
P e r h a p s  man's  major  problem i s  n o t  whe ther  he c a n  a d a p t  t o  a  
d e t e r i o r a t i n g  env i ronment ,  b u t  r a t h e r  t h a t  h e  w i l l  d o  s o ,  and 
h a p p i l y  ! 

The s y s t e m s  approach  a g a i n  seems t o  i n d i c a t e  t h e  need t o  
p r e s e v e r e  w i t h  s t r a t e g i e s  which have  t h e  g o a l  of  long- te rm 
p e r s o n a l  and  s o c i e t a l  change toward b e t t e r  h e a l t h .  T h i s  i n v o l v e s  
t h e  problem o f  d i s c o u n t i n g  f o r  f u t u r e  h e a l t h  b e n e f i t s .  T h i s  i s  
a l s o  t h e  problem t h a t  t h e  economis t  f a c e s  i n  a s s e s s i n g  t h e  c o s t -  
b e n e f i t  a s p e c t s  o f  any long- te rm h e a l t h  programs and e s p e c i a l l y  
t h o s e  aimed a t  p r o d u c i n g  a  h e a l t h y  p o p u l a t i o n  by p r e v e n t i o n  o f  
i l l n e s s .  

An a p p r o p r i a t e  H e a l t h  S t a t u s  I n d i c a t o r  i s  now o b v i o u s l y  
much more t h a n  a  weigh ted  set o f  m o r t a l i t y  i n d i c e s ,  even com- 
b i n e d  w i t h  a  s e t  o f  m o r b i d i t y  i n d i c a t o r s .  A s  a  minimum, it 
s h o u l d  b e  a b l e  t o  i n d i c a t e  t h e  d e s i r e d  o r  i d e a l  form of  a n  i n -  
d i v i d u a l  l i f e ,  i n c l u d i n g  i t s  r e l a t i o n  t o  a g e .  An a t t r a c t i v e  can-  
d i d a t e  i s  t h e  l i n e a r  s c a l e  between 0 and 1 where  1 i n d i c a t e s  f u l l  
h e a l t h  i n  t h e  WHO c o n c e p t  and 0 i n d i c a t e s  d e a t h  [ 2 1 .  F i g u r e  7 
shows f i r s t  o f  a l l  t h e  i d e a l  r e c t a n g u l a r  HSI t r a j e c t o r y  i n  which 
f u l l  h e a l t h  i s  r e t a i n e d  u n t i l  d e a t h  o c c u r s  q u i t e  suddenly  f rom 
n a t u r a l  c a u s e s  a f t e r  a  f u l l  l i f e .  The d o t t e d  l i n e s  s u g g e s t  more 
t y p i c a l  t r a j e c t o r i e s  s e e n  t o d a y .  The p a r t i c u l a r  dilemma r e s u l t -  
i n g  f rom t h e  advances  i n  b i o m e d i c a l  t e c h n o l o g y  would s e e m  t o  b e  
t h a t  l a r g e r  numbers o f  p e o p l e  can  now b e  s u s t a i n e d  f o r  e x t e n d e d  
p e r i o d s  and a t  h i g h  c o s t ,  a t  low HSI l e v e l s .  
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Figure 7. Health state indicators and age. 

I n  p r i n c i p l e ,  t h i s  HSI e n a b l e s  systems o p t i m i z a t i o n  t ech -  
n iques  t o  be  a p p l i e d  s i n c e  t h e  i n t e g r a t e d  e f f e c t  of  v a r i o u s  
h e a l t h  c a r e  programs can  be compared. The i n t e g r a t i o n  i s ,  f i r s t ,  
ove r  t ime  f o r  t h e  i n d i v i d u a l ,  and then  ove r  a l l  i n d i v i d u a l s  
a f f e c t e d  i n  o r d e r  t o  o b t a i n  popu la t i on  ave rages .  The p r e s e n t  
d i f f i c u l t y  l i e s  i n  e s t a b l i s h i n g  HSI v a l u e s  f o r  v a r i o u s  h e a l t h  
c a r e  programs, i n c l u d i n g  t h e i r  changes over  t ime .  B a s i c a l l y ,  
t hey  canno t  be worked o u t  by l o g i c  bu t  must be  ob t a ined  by sam- 
p l i n g  t h e  popu la t i on  adequa te ly  a s  t o  t h e i r  pe rcep t ions .  

ELEMENTS OF AN EVOLVING HEALTH CARE SYSTEM 

We have s t a t e d  t h a t  b iomedica l  technology has  p re sen ted  t h e  
h e a l t h  c a r e  system wi th  many d i f f i c u l t  e t h i c a l  problems, s o  t h a t  
t h e  "humaneness" channel  of F igu re  3 must be  used i n  d e c i d i n g  how 
s o c i e t a l  v a l u e s  should  govern t h e  outcomes. Yet t h i s  same b io-  
medica l  technology a l s o  o f f e r s  many new t o o l s  which a r e  of d i r e c t  
a s s i s t a n c e  i n  evo lv ing  g o a l s  of t h e  h e a l t h  c a r e  system. 

I n  North America, t h e  r a p i d l y  developing  a r e a s  of p r e v e n t i v e ,  
p r e d i c t i v e  o r  p r o s p e c t i v e  medicine depend h e a v i l y  upon e s t a b l i s h -  
ing  c o r r e l a t i o n s  w i t h  p r e c u r s o r s  o r  r i s k  f a c t o r s  f o r  d i s e a s e .  
The ep idemio log ica l  s t u d i e s  and t h e i r  r e s u l t a n t  s t a t i s t i c a l  ana l -  
y s e s  depend e q u a l l y  h e a v i l y  upon computers .  Var ious  o p e r a t i o n a l  
programs have r e s u l t e d  w i t h  t h e  primary aim of ma in t a in ing  h e a l t h ,  
b u t  a l s o  of s c r een ing  f o r  v a r i o u s  d i s e a s e s  and i n c i p i e n t  s t a t e s  
of ill h e a l t h .  Automated Mul t iphas i c  Heal th  T e s t i n g  (AMHT) pro- 
c e d u r e s  t y p i c a l l y  app ly  a  b a t t e r y  of t e s t s  and measurements, o f -  
t e n  w i t h  some computer p roces s ing  of r e s u l t s .  Hea l th  Hazard 
Appra i sa l  (HHA) i s  ano the r  r e l a t i v e l y  new t echn ique ,  which how- 
eve r  l a r g e l y  c o n c e n t r a t e s  upon measuring p r e c u r s o r s  o r  r i s k  f ac -  
t o r s  a t  t h e  e a r l i e s t  p o s s i b l e  moment [ 3 ] ,  compr is ing  some t h i r t y  



q u e s t i o n s ,  mos t ly  i n  t h e  l i f e s t y l e  a r e a  (smoking h a b i t s ,  e t c . ) ,  
b u t  w i t h  a  few q u e s t i o n s  on c l i n i c a l  measures and f a m i l y  h i s t o r y .  
HHA is  t h e n  computer-processed t o  compare t h e  i n d i v i d u a l ' s  
h e a l t h  r i s k s  w i t h  t h o s e  of  t h e  n a t i o n a l  ave rages .  These r i s k s  
a r e  s p e c i f i e d  f o r  d i f f e r e n t  age  and sex  groups  and a l s o  f o r  
d i f f e r e n t  r a c i a l  g roups  where t h e  s t a t i s t i c s  i n d i c a t e  s i g n i f i -  
c a n t  d i f f e r e n c e s .  W e  should  n o t e  t h a t  t h e  m u l t i f a c t o r i a l  r e l a -  
t i o n s h i p s  between i n d i v i d u a l  r i s k  f a c t o r s  (F igu re  6 ) ,  and com- 
b ined  r i s k  a r e  t y p i c a l l y  combina t ions  of  a d d i t i v e  and m u l t i p l i -  
c a t i v e  t e r m s .  The program t h e n  names a  few " p e r s c r i p t i o n s "  f o r  
lower ing  t h e  p e r s o n ' s  h e a l t h  r i s k s ,  and i n d i c a t e s  how much t h e  
r i s k s  w i l l  have been reduced i n  each  major  d i s e a s e  c a t e g o r y .  
T h i s  and o t h e r  s i m i l a r  programs have n o t  been a p p l i e d  long  
enough y e t  t o  g e n e r a t e  s c i e n t i f i c  proof t h a t  t h e y  a r e  e f f e c t i v e  
i n  s t i m u l a t i n g  b e h a v i o r a l  change. However, t h e  c o n s t a n t  empha- 
s is  upon h e a l t h  and hazards  t o  it a r e  f e l t  t o  b e  s i g n i f i c a n t  i n  
encouraging  a  changing view of h e a l t h  c a r e  i n  p r o f e s s i o n a l  and 
p a t i e n t  a l i k e .  

HHA-type programs f i t  n e a t l y  i n t o  t h e  o b j e c t i v e s  of Community 
Heal th  C e n t r e s ,  which a r e  a l s o  growing r a p i d l y  i n  v a r i o u s  forms 
i n  North America. These a r e  s t a f f e d  by pe r sons  q u a l i f i e d  i n  a  
v a r i e t y  of h e a l t h  d i s c i p l i n e s  and p rov ide  a  pr imary e n t r y  p o i n t  
t o  t h e  h e a l t h  c a r e  system. Such Cen t r e s  can  p rov ide  o r  s t i m u l a t e  
t h e  e d u c a t i o n a l  programs s o  neces sa ry  t o  b r i n g  abou t  long-term 
b e h a v i o r a l  change. F u r t h e r ,  t h e y  can r e a d i l y  promote t h e  
o b j e c t i v e  of ach i ev ing  t h e  " a c t i v a t e d  p a t i e n t " .  I n  t h i s  l a t t e r  
view, t h e  primary r e s p o n s i b i l i t y  f o r  i n d i v i d u a l  h e a l t h  must b e  
w i l l i n g l y  assumed by t h e  i n d i v i d u a l .  Of c o u r s e ,  t h i s  ha s  always 
been s o  i n  p r i n c i p l e ,  b u t  t h e  r e c e n t  d rama t i c  changes i n  b io-  
medica l  s c i e n c e  and technology have tended  t o  p l a c e  t h e  p a t i e n t  
i n  a  " p a t i e n t "  r o l e  indeed-- tha t  of  a  h e l p l e s s  bys t ande r  awai t -  
i n g  and endur ing  t h e  seemingly i n t e r m i n a b l e  t e s t s  and procedures  
f o r  impersonal  s c i e n t i f i c  d i a g n o s i s  and the rapy  of d i s e a s e s .  
Under such c i r cums tances ,  t h e  d i s e a s e  and i t s  c u r e  may be per -  
ce ived  by t h e  p a t i e n t  a s  on ly  r a t h e r  d i s t a n t l y  r e l a t e d  t o  him- 
s e l f  and h i s  l i f e s t y l e .  

I n  o r d e r  t o  e s t a b l i s h  t h e  c o s t - b e n e f i t  s t a t u s  of p r e v e n t i v e  
medicine programs, e s p e c i a l l y  i n  r e l a t i o n  t o  s i c k  c a r e  programs, 
d a t a  b a s e s  must be  ob t a ined  by ana lyz ing  l a r g e  numbers of  i nd i -  
v i d u a l  (bu t  anonymous) medica l  r e c o r d s  ove r  l ong  p e r i o d s  of t ime.  
Such d a t a  bases  a r e  i n c r e a s i n g l y  neces sa ry  i n  any c a s e  i n  many 
a r e a s  of t h e  h e a l t h  c a r e  system. 

I t  h a s  l ong  been c l e a r  t h a t  t h e  conven t iona l  manually- 
main ta ined  medica l  r eco rd  is  inadequate .  Two s t e p s  a r e  needed 
t o  b r i n g  it up t o  d a t e ,  f i r s t ,  d e s i g n i n g  a  l o g i c a l  format  and 
second ly ,  computer iz ing .  The Problem-Oriented Medical Record 
(POMR) p rov ides  a  b a s i c  s t e p  forward i n  s y s t e m a t i z i n g  t h e  med- 
i c a l  r e c o r d  on l o g i c a l  l i n e s  and i n  a  m u l t i - d i s c i p l i n a r y  f o r -  
mat [4]. I t  i s  n o t  i n h e r e n t l y  i n t ended  f o r  p r e v e n t i v e  medica l  



p r a c t i c e ,  where s p e c i f i c  problems a r e  less f r e q u e n t  t h a n  i n  
a c u t e  c a r e  and where t h e  emphasis  i s  o n  t h e  r i s k  o f  f u t u r e  prob- 
lems.  However, t h e  POMR c o n c e p t s  s e e m  b r o a d  enough t o  a l l o w  t h e  
m o d i f i c a t i o n s  o f  d e t a i l  n e c e s s a r y  f o r  i t s  a p p l i c a t i o n  t o  p r i m a r y  
o r  ambula to ry  h e a l t h  c a r e  u s i n g  a  m u l t i - d i s c i p l i n a r y  h e a l t h  c a r e  
team. S i n c e  i n  a m u l t i - d i s c i p l i n a r y  env i ronment  t h e  r e c o r d  is 
o f t e n  t h e  main means o f  communication between members of  t h e  team, 
it must b e  e a s y  t o  r e a d  and u n d e r s t a n d .  

C o m p u t e r i z a t i o n  o f  i n f o r m a t i o n  sys tems  i n  h e a l t h  c a r e  h a s  
had a  v e r y  mixed h i s t o r y .  A f t e r  many t r i a l s ,  w i t h  f r e q u e n t  f a i l -  
u r e s ,  t h e  f u t u r e  p a t t e r n  is  becoming r e a s o n a b l y  c l e a r .  High ly  
i n t e r a c t i v e  sys tems  a r e  needed w i t h  e a s i l y  a c c e s s i b l e  v i d e o - d i s -  
p l a y  t e r m i n a l s  a t  s u i t a b l e  l o c a t i o n s  t h r o u g h o u t  t h e  h e a l t h  c a r e  
f a c i l i t y .  The h e a l t h  c a r e  p r o f e s s i o n a l s  must  come t o  depend 
upon t h e  sys tem,  i f  it i s  t o  b e  s u c c e s s f u l .  I f  t h e y  do  n o t  de -  
pend on  it, t h e y  w i l l  n o t  c h o o s e  t o  i n p u t  t h e i r  i n f o r m a t i o n  i n  
a  way s a t i s f a c t o r y  t o  t h e  o t h e r  team members and t h e  u s e f u l n e s s  
o f  t h e  whole  sys tem w i l l  r a p i d l y  d e t e r i o r a t e .  

It i s  c r u c i a l  i n  i n s t i t u t i o n a l  c a r e ,  a s  i n  p r e v e n t i v e  medi- 
c i n e ,  t h a t  t h e  p a t i e n t  become a s  " a c t i v a t e d "  a s  p o s s i b l e ,  and 
r e c o g n i z e d  a s  a  v e r y  r e a l  member o f  h i s  h e a l t h  c a r e  team. T h i s  
r a i s e s  t h e  q u e s t i o n  o f  h i s  a c c e s s  t o  h i s  m e d i c a l  ( o r  h e a l t h )  rec- 
o r d .  Of c o u r s e  t h e r e  may b e  some s e n s i t i v e  a r e a s ,  where n e i t h e r  
p a t i e n t  n o r  s t a f f  would b e n e f i t  from t h e  p a t i e n t  h a v i n g  a c c e s s .  
On b a l a n c e ,  however,  it seems t o  b e  more advan tageous  t h e r a p e u -  
t i c a l l y  t o  t h e  p a t ? e n t  t o  have f o r m a l  r i g h t  o f  a c c e s s .  T h i s  
f e a t u r e  w i l l  become e s p e c i a l l y  i m p o r t a n t  a s  t h e  compute r ized  d a t a  
b a s e s  a r e  b u i l t  up on  i n t e g r a t e d  h e a l t h  r e c o r d s  f o r  e a c h  p e r s o n .  
The r i g h t  o f  a c c e s s  a l s o  u n d e r l i n e s  t h e  need f o r  t h e  p a t i e n t  t o  
t a k e  t h e  r e s p o n s i b i l i t y  f o r  g i v i n g  " in formed  consen t ' '  t o  t h e  p ro-  
c e d u r e s  t o  which h e  is  s u b j e c t e d .  

The "consumer p r o t e c t i o n "  a s p e c t  j u s t  d i s c u s s e d  is a s s o c i -  
a t e d  w i t h  a n o t h e r  a s p e c t ,  t h a t  o f  " q u a l i t y  a s s u r a n c e " ,  o r  q u a l -  
i t y  c o n t r o l ,  i n  h e a l t h  c a r e .  Computer ized h e a l t h  i n f o r m a t i o n  
sys tems  c a n  e a s i l y  p r o v i d e  t h e  r e q u i s i t e  i n f o r m a t i o n ,  b u t  t h e  
a c t u a l  mechanism must  b e  d e v e l o p e d  s i n c e  no f u l l y  s a t i s f a c t o r y  
o n e  e x i s t s  a t  p r e s e n t .  " P r o t o c o l s "  show much promise  h e r e .  I n  
a  p r o t o c o l  sys tem,  t h e  h e a l t h  c a r e  p r o f e s s i o n a l  is  g u i d e d  where 
n e c e s s a r y  t o  t h e  mos t  a p p r o p r i a t e  s t e p s  t o  b e  t a k e n  i n  d i a g n o s t i c  
tes ts ,  d i a g n o s t i c  d e c i s i o n  making, p r e s c r i p t i o n s  and t h e r a p y .  
I n f o r m a t i o n  c a n  b e  p r o v i d e d  a t  a l l  t h e s e  s t a g e s  on  t h e  e f f i c a c y ,  
p r o b a b i l i t y  o f  s u c c e s s ,  r i s k s ,  e tc . ,  o f  t h e  p r o c e d u r e s .  F u r t h e r ,  
t h e  sys tem c a n  p r o v i d e  e d u c a t i o n a l  m a t e r i a l  t o  e n a b l e  p e r s o n n e l  
t o  r e f r e s h  t h e i r  knowledge a b o u t  i n f r e q u e n t l y - e n c o u n t e r e d  s i t u -  
a t i o n s  o r  t o  u p d a t e  it. Indeed  e d u c a t i o n  c a n  b e  b u i l t  i n t o  a l -  
most  a l l  a s p e c t s  o f  a  compute r ized  h e a l t h  i n f o r m a t i o n  sys tem and  
t h i s  f e a t u r e  may t u r n  o u t  t o  b e  t h e  most i m p o r t a n t  a s p e c t  o f  
c o m p u t e r i z a t i o n .  

These c o n s i d e r a t i o n s  e n t a i l  b u i l d i n g - u p  o f  c e n t r a l i z e d  s t a -  
t i s t i c a l  d a t a  b a s e s  on  h e a l t h ,  h e a l t h  r i s k s ,  d i s e a s e s ,  d r u g  



interactions, normal (healthy) and deviant ranges for all the 
many laboratroy test variables and so on. 

Quality assurance (quality control) in its broadest context 
requires the same audit of health care as of financial and other 
matters. This is especially true in the case of medicine involv- 
ing sophisticated biomedical technology with its rapid escalation 
of costs and uncertain combination of potential hazard and bene- 
fit to the patient. The traditional type of audit is clearly 
inadequate and all the systems analysis tools for cost-benefit 
studies and all the information available from large data bases 
will be needed. 

ALLOCATION AND PRIORITIES 

In the systems approach, it is expected that, in almost all 
practical systems, there will be a competition, whether hidden 
or overt, for finite resources which demands will generally ex- 
ceed. In consequence, analysis is needed to establish priori- 
ties before an optimal allocation of the available resources can 
be made. Further, such analysis may suggest the desirability of 
allocating more resources. 

The establishment of priorities inevitably requires judge- 
ments about the relative values of the various "humaneness" 
aspects of the system. After this, the procedures for optimal 
allocation can be based on rationality. 

In order to allocate resources in the health care system, 
one of the major tasks is to establish the real costs of its 
various aspects. The usual result is a matrix of coefficients 
relating the particular class of illness episode with the differ- 
ent amounts of resources needed for its treatment (treatment 
matrix, production matrix, hospital activity matrix, etc. ) . 
However this is applicable to conventional acute medical care 
of various epidodes such as surgical operations. A first level 
of optimization in allocation can be achieved if various rules 
for substitutability are available: for example, in using dif- 
ferent types of health professionals to different extents for a 
given treatment. A higher level of optimization will be con- 
cerned with the choice between alternative paradigms of health 
care, in particular between acute medical care and preventive 
medicine. This level essentially requires that a set of treat- 
ment matrices be available. However, a simple listing of the 
direct costs will not be sufficient, since these must also be 
compared with corresponding benefits in order to assess equita- 
bly the merits of different programs. Then, as noted earlier, 
"accounting" problems arise since the benefits especially, and 
costs also to some extent, of preventive medicine will be spread 
over many years. Further, since an important benefit in this 
case may be a long-term increase in the quality of life, (in 
addition to any economic benefits attributable to reduction of 
treatment costs and "lost opportunity costs"), an attempt at 
optimal allocation must take into account the "humaneness" aspects. 



SUMMARY AND CONCLUSION 

The systems approach provides a useful framework for exam- 
ining the health care system. Within this framework, many value 
judgements about individual and public health must be made before 
recommendations for an optimal system can be made. Ignorance 
and controversy are especially prevalent about the long-term 
costs and benefits of preventive medicine as compared with con- 
ventional acute medical care. These areas relate to man's per- 
ceived purpose in life, and hence are important to the under- 
lying humaneness of the system. Initial analysis would suggest 
that many preventive programs should be implemented even before 
positive cost-benefit results can be rigorously established. 
An optimal combination of humaneness and rationality in the 
health care system will be difficult to achieve and maintain, 
but it is essential to the health of every nation. 
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How I t  Works and How I t  Can C o n t r i b u t e  t o  P l a n n i n g  i n  t h e  

u n i t e d  Kingdom Department o f  H e a l t h  and S o c i a l  S e r v i c e s  (DHSS) 

A.G. McDonald 

The D e p a r t m e n t ' s  p l a n n i n g  p r o c e s s  a ims t o  p roduce  a  s t a t e -  
ment o f  t h e  f u t u r e  r e s o u r c e s  t o  b e  p rov ided  f o r  each  c l i e n t  g r o u p  
and t o  d e s c r i b e  t h e  s t r e n g t h s  and weaknesses  of  t h e  p a t t e r n  o f  
c a r e  which would r e s u l t  f rom t h e s e  r e s o u r c e s .  T h i s  paper  e x p l a i n s  
how t h e  macro-model migh t  a s s i s t  t h e  Department  i n  a r r i v i n g  a t  
s u c h  s t a t e m e n t s  and compares t h e  m o d e l ' s  p o t e n t i a l  c o n t r i b u t i o n  
w i t h  t h a t  o f  o t h e r  t e c h n i q u e s .  I n  t h e  c o u r s e  of  d o i n g  t h i s ,  t h e  
p a p e r  a t t e m p t s  t o  e x p l a i n  i n  p l a i n  l anguage  how t h e  model works .  

The f o l l o w i n g  t e r m i n o l o g y  w i l l  b e  used  t o  d e f i n e  a  p a t t e r n  
o f  c a r e :  

- c o v e r :  t h e  number o f  c l i e n t s  i n  a  c a t e g o r y  r e c e i v i n g  
c a r e  ; 

- modes: t h e  q u a l i t a t i v e  d e s c r i p t i o n s  o f  t h e  t y p e s  of  c a r e  
r e c e i v e d  ( f o r  example,  s p e c i a l  h o u s i n g  + home n u r s e  + 
m e a l s )  ; 

- s t a n d a r d s :  t h e  a v e r a g e  q u a n t i t i e s  o f  d i f f e r e n t  r e s o u r c e s  
r e c e i v e d  by an  i n d i v i d u a l  o f  a  p a r t i c u l a r  c a t e g o r y  i n  a  
p a r t i c u l a r  mode ( f o r  example,  3 meals/week) . 

I t  w i l l  b e  assumed, f o r  t h e  s a k e  of  i l l u s t r a t i o n ,  t h a t  t h e  
Department  i s  p l a n n i n g  f o r  a  s p e c i f i c  f u t u r e  y e a r ,  1978/79, and 
t h a t  i n  d o i n g  s o ,  it i s  t a k i n g  a s  a  r e f e r e n c e  p o i n t  t h e  1974/75 
s i t u a t i o n .  T h i s  p a p e r  p r e s e n t s  examples  o f  how t h e  model migh t  
c o n t r i b u t e ,  i n  o r d e r  o f  i n c r e a s i n g  s o p h i s t i c a t i o n .  I t  s t a r t s  
w i t h  t h e  u s e r  s p e c i f y i n g  c o v e r  modes and s t a n d a r d s  i n  d e t a i l  and 
u s i n g  t h e  model t o  c a l c u l a t e  r e s o u r c e  consequences .  I t  t h e n  con- 
s i d e r s  a p p l i c a t i o n s  i n  which t h e  u s e r  s p e c i f i e s  s u c c e s s i v e l y  less 
i n f o r m a t i o n  and g i v e s  t h e  model s u c c e s s i v e l y  more freedom. 

CASE A 

The most  s i m p l e  c a s e  is when t h e  p l a n n e r s  s p e c i f y  a  proposed 
p a t t e r n  o f  c a r e ,  i . e . ,  a  s t a t e m e n t  o f  c o v e r ,  modes and s t a n d a r d s  
f o r  1978/79, and u s e  t h e  model t o  c a l c u l a t e  t h e  r e s o u r c e s  needed.  
I n  t h i s  a p p l i c a t i o n ,  t h e  model i s  g i v e n  no freedom t o  a l t e r  a l l o -  
c a t i o n s  o f  p a t i e n t s  o r  r e s o u r c e s ;  it i s  s i m p l y  per forming  a  



l e n g t h y  p i e c e  o f  a r i t h m e t i c ,  a d d i n g  u p  t h e  r e s o u r c e s  consumed 
by e a c h  c a t e g o r y  o f  p a t i e n t .  I n  t h i s  a p p l i c a t i o n ,  and i n  some 
of t h e  o t h e r s  which f o l l o w ,  it is  n o t  imagined t h a t  p l a n n e r s  
would b e  a b l e  t o  s p e c i f y  a l l  t h e  d a t a  on c o v e r  modes and s t a n -  
d a r d s  i n  a b s o l u t e  terms. R a t h e r  it i s  e n v i s a g e d  t h a t  most o f  t h e  
d a t a  would b e  s p e c i f i e d  i n  terms r e l a t i v e  t o  t h e  c u r r e n t  s i t u a -  
t i o n .  The s p e c i f i c a t i o n  would c o n s i s t  o f  s t a t e m e n t s  o f  t h e  k i n d :  
" c o v e r  f o r  t h e  c a t e g o r i e s  i n  t h e  E l d e r l y  c l i e n t  g r o u p  i n  1978/79 
w i l l  remain t h e  same a s  i n  1974/75 e x c e p t  f o r  a  2  p e r c e n t  i n -  
c r e a s e  i n  c e r t a i n  s p e c i f i e d  c a t e g o r i e s  t o  t a k e  a c c o u n t  o f  t h e  
a g i n g  o f  t h e  p o p u l a t i o n " ;  " t h e  p r o p o r t i o n a t e  u s e  of modes by t h e  
c a t e g o r i e s  i n  t h e  Mental  I l l n e s s  c l i e n t  g r o u p  i n  1978/79 w i l l  b e  
t h e  same a s  i n  1974/75 e x c e p t  f o r  a  s h i f t  o f  20 p e r c e n t  o f  chron-  
i c  s c h i z o p h r e n i c s  from h o s p i t a l  t o  c a r e  i n  h o s t e l s  w i t h  commu- 
n i t y  s u p p o r t " ;  " a l l  s t a n d a r d s  o f  community c a r e  w i l l  remain a t  
1974/75 l e v e l s " .  The o u t p u t  would t h e n  show t h e  change i n  t h e  
b a l a n c e  o f  r e s o u r c e s  t h a t  would b e  needed t o  d e l i v e r  t h e  spec-  
i f i e d  p a t t e r n  o f  c a r e .  

CASE B  

The n e x t  s t e p  p r e s u p p o s e s  t h a t  t h e  p l a n n e r s  have  s t a t e d  
d e s i r e d  l e v e l s  o f  c o v e r  and s t a n d a r d s  f o r  1978/79 b u t  wish  t o  
e x p l o r e  a l t e r n a t i v e  ways o f  changing  t h e  b a l a n c e  o f  modes. F o r  
t h i s  r u n ,  t h e  model would b e  g i v e n  some freedom i n  a l l o c a t i n g  
p a t i e n t s  t o  modes, f o r  example,  u p  t o  50 p e r c e n t  o f  h e r n i a  pa- 
t i e n t s  c a n  b e  t r e a t e d  by d a y  s u r g e r y  w i t h  home n u r s e  s u p p o r t .  
Thus t h e  u s e r  o f  t h e  model h a s  t o  s p e c i f y  a  c r i t e r i o n  o f  c h o i c e .  
Up till now, i n  r u n s  o f  t h i s  t y p e ,  t h e  c r i t e r i o n  o f  minimum c o s t  
h a s  been adopted ;  i . e . ,  f o r  e v e r y  p a t i e n t  t h e  model selects t h e  
c h e a p e s t  a l l o w a b l e  mode. However, any o t h e r  r e l e v a n t  c r i t e r i o n  
c o u l d  b e  u s e d ,  f o r  example,  t o  minimize t h e  u s e  o f  h o s p i t a l  b e d s .  
The o u t p u t  o f  t h i s  t y p e  o f  r u n  c o n s i s t s  o f  s t a t e m e n t s  o f  t h e  
modes s e l e c t e d  by t h e  model f o r  e a c h  c a t e g o r y  and of  t h e  amounts 
of  r e s o u r c e s  r e q u i r e d  (by c l i e n t  g roup  and i n  t o t a l )  a l o n g  w i t h  
t h e  consequent  e x p e n d i t u r e s .  The r e s u l t s  o f  s u c h  a  r u n  a r e  op- 
timum i n  t h e  s e n s e  t h a t  t h e y  i d e n t i f y  t h e  p a t t e r n  o f  c a r e  which 
b e s t  f u l f i l l s  t h e  s e l e c t e d  c r i t e r i o n .  

D i s c u s s i o n  

B e f o r e  we proceed  t o  more s o p h i s t i c a t e d  a p p l i c a t i o n s ,  it i s  
w o r t h  c o n s i d e r i n g  how even t h e s e  s i m p l e  a p p l i c a t i o n s  m i g h t  p r o v i d e  
c o n t r i b u t i o n s  t o  t h e  p l a n n i n g  p r o c e s s  which c o u l d  n o t  b e  o b t a i n e d  
by more a g g r e g a t e  approaches .  F i r s t ,  t h e  s p e c i f i c a t i o n  o f  c o v e r  
i n  terms of  c a t e g o r i e s  o f  i n d i v i d u a l s  r e q u i r i n g  s i m i l a r  t y p e s  o f  
c a r e  means t h a t  t h e  model c a n  r e v e a l  i n  q u a n t i t a t i v e  t e r m s  t h e  
consequences  o f  a  changing b a l a n c e  o f  c a t e g o r i e s  w i t h i n  a  c l i e n t  
g roup;  f o r  example,  t h e  a g i n g  o f  t h e  p o p u l a t i o n  w i l l  t e n d  t o  pro-  
d u c e  i n c r e a s i n g  numbers o f  c l i e n t s  i n  t h e  s e v e r e l y  d i s a b l e d  c a t e -  
g o r i e s  o f  t h e  e l d e r l y  s e c t i o n  and t h u s  l e a d  t o  a  g r e a t e r  demand 
f o r  e i t h e r  i n s t i t u t i o n a l  c a r e  o r  h i g h  i n t e n s i t y  community c a r e .  



Secondly,  t h e  r e p r e s e n t a t i o n  of  a l t e r n a t i v e  modes of  c a r e  a l lows  
t h e  model t o  p r e d i c t  t h e  consequences o f  s h i f t s  i n  t h e  ba l ance  
of  c a r e ,  s ay  from h o s p i t a l  t o  community c a r e ;  i n  c a s e s  where such 
s h i f t s  a r e  s i g n i f i c a n t ,  a  more agg rega t e  approach may produce e r -  
roneous answers.  

CASE C 

Le t  u s  now suppose t h e  model has  been r u n  a s  d e s c r i b e d  i n  
Case B b u t  t h a t  some o f  t h e  r e s o u r c e  l e v e l s  f o r  1978/79 sugges ted  
by t h e  model a r e  cons ide red  i m p r a c t i c a b l e ,  f o r  example, a  dou- 
b l i n g  of  t h e  supply  o f  home n u r s e s .  The model could  now be  r e -  
run  i n  e x a c t l y  t h e  same way excep t  t h a t  c o n s t r a i n t s  could  be i n -  
s e r t e d  on t h e  r a t e s  of  growth o r  d e c l i n e  o f  each i n d i v i d u a l  r e -  
sou rce ,  f o r  example, no more t han  1 0  p e r c e n t  of a c u t e  beds can  
be  c l o s e d ,  no more t h a n  5000 home n u r s e s  can  be added t o  t h e  
c u r r e n t  supply .  A l t e r n a t i v e l y ,  o r  i n  a d d i t i o n ,  a  budget  con- 
s t r a i n t  cou ld  be  s e t ,  f o r  example, ze ro  growth i n  revenue expen- 
d i t u r e s .  The model would s t i l l  be  seeking  t o  op t imize ,  under  
t h e  g iven  c r i t e r i o n ,  b u t  t h i s  t ime  t h e  s e l e c t i o n  o f  modes i s  no t  
s imply a  m a t t e r  o f  always choosing t h e  cheapes t .  For example, 
t h e  imposed s c a r c i t y  o f  home n u r s e s  may p reven t  t h e  model from 
s e l e c t i n g  t h e  day s u r g e r y  mode f o r  eve ry  a l l owab le  s u r g e r y  c a t e -  
gory and  t h e  community c a r e  mode f o r  eve ry  a l l owab le  e l d e r l y  
ca t ego ry .  Faced wi th  compe t i t i on  f o r  a  s c a r c e  r e s o u r c e ,  t h e  
model w i l l  s e l e c t  t h o s e  modes which produce t h e  minimum c o s t .  
I n  a  s i t u a t i o n  where t h e r e  i s  compe t i t i on  f o r  more t han  one o r  
two s c a r c e  r e s o u r c e s ,  it becomes imposs ib le  t o  perform t h i s  c a l -  
c u l a t i o n  on paper ,  though it can  r e a d i l y  be done by computer.  

The o u t p u t  of  t h i s  run  w i l l  l i s t  t h e  modes s e l e c t e d  by pa- 
t i e n t  c a t e g o r y  and t h e  r e s o u r c e s  and e x p e n d i t u r e s  needed t o  meet 
t h e  cover  and s t a n d a r d s  s p e c i f i e d  by t h e  p l anne r .  The o u t p u t  
w i l l  a l s o  s t a t e  f o r  each c o n s t r a i n t  what might  be  ga ined  by r e -  
l a x i n g  t h e  c o n s t r a i n t .  Thus, i n  t h e  example of  a  l i m i t  of 5000 
on t h e  i n c r e a s e  of home nu r se s ,  t h e  model would show what f i nan -  
c i a l  s av ing  could  be achieved  i f  t h i s  l i m i t  could be s t r e t c h e d :  
e x t r a  home n u r s e s  would a l l ow an  inc reased  u s e  of  day su rge ry  o r  
community c a r e  modes w i t h  t h e  consequent  n e t  s av ing  achieved by 
reducing  i n s t i t u t i o n a l  r e s o u r c e s .  S i m i l a r l y ,  t h e  o u t p u t  would 
s t a t e  t h e  c o s t  ( o r  s av ing )  a s s o c i a t e d  wi th  i n c r e a s i n g  ( o r  de- 
c r e a s i n g )  each  element  of  cover  and each  element  of  s t a n d a r d s .  
T h i s  i n fo rma t ion  can  a s s i s t  t h e  p l a n n e r s  t o  u se  t h e  model i n  an  
i n t e r a c t i v e  f a s h i o n ,  which Opera t iona l  Research S e r v i c e  (ORS) 
c o n s i d e r  t o  be by f a r  i t s  most p r o f i t a b l e  u se .  The p l a n n e r s  can  
examine t h e  o u t p u t  of a  run ,  modify t h e  s t a r t i n g  assumptions 
( i n p u t  d a t a ) ,  r e r u n  and s o  on. I n  t h i s  way, n o t  o n l y  w i l l  t h e  

mode l ' s  a c t i v i t y  be d i r e c t e d  i n t o  t h e  most r e l e v a n t  a r e a s  b u t  
a l s o  t h e  p l a n n e r s  can  g a i n  a n  unders tanding  of  t h e  model ' s  a s -  
sumptions and s t r e n g t h s  and weaknesses and c a l l  f o r  modi f ica-  
t i o n s  o r  f u r t h e r  work where t hey  a r e  most needed. 



CASE D 

The next  s t e p  a l lows  t h e  model t o  va ry  s t a n d a r d s .  Th i s  Pre- 
supposes t h a t  p l a n n e r s  s t a t e  t h e  cover  t hey  wish  t o  ach i eve  i n  
1978/79 a long  w i t h  c o n s t r a i n t s  on some r e s o u r c e s  and/or expen- 
d i t u r e s  and t h a t  t hey  a r e  s eek ing  t o  i d e n t i f y  t h a t  s e t  o f  r e -  
s o u r c e s  which ach ieves  t h e  h i g h e s t  l e v e l s  of  s t a n d a r d s  w i t h i n  
t h e s e  c o n s t r a i n t s .  The model can  c o n t r i b u t e  t o  t h i s  t a s k  by u s e  
of a r e c e n t  development: t h e  concept  of i n f e r r e d  wor th  [ I ] .  I n  
t h i s  t ype  o f  run ,  t h e  model i s  doing  what it does  i n  Case C ex- 
c e p t  t h a t :  

- It has  freedom n o t  merely t o  choose modes b u t  a l s o  t o  
va ry  s t a n d a r d s  f o r  each  model; 

- The c r i t e r i o n  f o r  s e l e c t i n g  modes is n o t  merely t o  mini-  
mize t o t a l  c o s t  b u t  a t  t h e  same t ime ,  t o  maximize s t a n -  
d a r d s .  Now t h i s  c r i t e r i o n  c o n t a i n s  w i t h i n  i t s e l f  an  
obvious  c o n f l i c t .  

Thus, i n  t h e  model, it i s  s p e c i f i e d  i n  terms of numbers which 
r e p r e s e n t  t r a d e - o f f s  between i n c r e a s e s  i n  t h e  v a r i o u s  s t a n d a r d s  
and between t h e i r  i n c r e a s e s  and t h e i r  a s s o c i a t e d  c o s t s .  The 
s i t u a t i o n  can  be r e p r e s e n t e d  g r a p h i c a l l y .  F i g u r e  1 shows t h e  n e t  
i n £  e r r e d  wor th  a s s o c i a t e d  w i t h  i n c r e a s i n g  t h e  s t anda rd  of  home 
n u r s e  v i s i t i n g  t o  a c l i e n t  i n  a ca t ego ry  o f  t h e  E l d e r l y  c l i e n t  
group,  w h i l s t  F i g u r e  2 shows t h e  same f o r  a ca t ego ry  from t h e  
Mental I l l n e s s  c l i e n t  group. 

Figure 2. 



I n  t h i s  type  of run,  t h e  model w i l l  be concerned with ra-  
t i o n i n g  a  l imi ted  number of home nurses  between those  c a t e g o r i e s  
of p a t i e n t  where it is  "considering" s e l e c t i n g  modes conta ining 
a  requirement f o r  home nursing.  I n  s e l e c t i n g  modes and t h e i r  
a s soc ia ted  s tandards ,  it uses t h e  c r i t e r i o n  of maximizing in-  
f e r r e d  worth n e t  of c o s t .  Thus i n  Figures  1 and 2 it would r e -  
j e c t  an  a l l o c a t i o n  represented by t h e  p o i n t s  A,a ( i n f e r r e d  worth 
0 + -1.6 = -1.6) i n  favor  of an a l l o c a t i o n  represented by t h e  
p o i n t s  B,b ( i n f e r r e d  worth -.5 + - . I  = -1.4) s ince  t h e  l a t t e r  
r e p r e s e n t s  a  g r e a t e r  t o t a l  n e t  i n f e r r e d  worth f o r  t h e  same num- 
be r ,  6 ,  of home nurses.  It can be seen t h a t  t h e  c r i t e r i o n  in- 
co rpora tes  t h e  p r i n c i p l e  of diminishing r e t u r n s .  

The numbers r epresen t ing  t h e  h ighes t  s tandards ,  i . e . ,  those  
which t h e  model i s  " s t r i v i n g "  t o  reach,  ( 4  and 6  home nurse  
v i s i t s  i n  Figures  1  and 2 r e s p e c t i v e l y )  , have been der ived from 
t h e  values  of s t andards  obta ined,  l a r g e l y  v i a  p ro fess iona l  judge- 
ments, i n  e a r l y  work on t h e  model. These numbers a r e  r e f e r r e d  
t o  below a s  " idea l "  s tandards .  The t r ade-of f s  between s tandards  
( i . e . ,  t h e  r e l a t i v e  g rad ien t s  of t h e  curves)  a r e  s p e c i f i e d  by 
o t h e r  numbers. Both s e t s  of numbers taken toge the r  a r e  fed  i n t o  
t h e  model t o  spec i fy  i t s  c r i t e r i o n  of choice.  The o r i g i n a l  in-  
t e n t i o n  behind t h e  concept of ne t  i n f e r r e d  worth was t h a t  t h e  
numbers should be s e l e c t e d  s o  a s  t o  accord with t h e  preferences  
t h a t  one would expect  dec i s ion  makers i n  t h e  f i e l d  t o  adopt. I n  
t h e  absence of any o t h e r  evidence, one could use numbers repre-  
s e n t i n g  t h e  preferences  t h a t  it may be i n f e r r e d  have been oper- 
a t i n g  i n  t h e  f i e l d  t o  d a t e  and t h a t  have produced t h e  a l l o c a t i o n s  
of r e sources  observable today,  and assume t h a t  these  preferences  
w i l l  cont inue t o  opera te  i n  t h e  f u t u r e .  A l t e r n a t i v e l y ,  i f  plan- 
ne r s  have grounds f o r  be l i ev ing  t h a t  preferences  w i l l  change, 
perhaps a s  a  consequence of DHSS in te rven t ion ,  t h e  numbers could 
be modified. The c u r r e n t  p o s i t i o n  i s  t h a t  ORS a r e  using numbers 
which appear t o  g i v e  p l a u s i b l e  r e s u l t s  and which do not  c o n f l i c t  
wi th  information about a c t u a l  a l l o c a t i o n s  i n  t h e  f i e l d .  However, 
ORS a r e  concerned t o  g a i n  empir ica l  evidence on these  q u a n t i t i e s  
and have embarked on a  program of c o l l a b o r a t i o n  with f i e l d  re -  
sea rchers ,  such a s  Professor  Holland, D r .  Kuchlick and teams a t  
Exeter  Univers i ty  and a t  c e r t a i n  p s y c h i a t r i c  c a r e  r e g i s t e r s .  
Although ORS cannot claim t h a t  t h e  cur ren t  d a t a  i s  f u l l y  t e s t e d  
f o r  predictive purposes, they do c la im t h a t  t h e  c u r r e n t  d a t a  i s  
s u f f i c i e n t  t o  a s s i s t  t h e  Department s i g n i f i c a n t l y  i n  explora tory  
runs .  This  argument can b e s t  be i l l u s t r a t e d  by a  f u r t h e r  exam- 
p l e .  

Suppose planners  s t a t e  t h a t  they wish t o  explore  op t ions  f o r  
1978/79 i n  which cover remains a t  t h e  1974/75 l e v e l  f o r  a l l  ca te -  
g o r i e s ,  a p a r t  from inc reases  consequent upon demographic changes; 
t h a t  t h e r e  i s  t o  be zero growth i n  expenditures and t h a t  t h e r e  
a r e  c o n s t r a i n t s  on t h e  supply of c e r t a i n  resources .  Their  ques- 
t i o n  is :  "what i s  t h e  a l l o c a t i o n  of resources  which g i v e s  t h e  
h ighes t  s t andards  wi th in  t h e  g iven c o n s t r a i n t s ? " .  I n  such a  run,  
t h e  model is ,  i n  e f f e c t ,  s t r i v i n g  t o  f i n d  t h a t  balance of modes 
whereby it can most inc rease  s tandards  above t h e i r  c u r r e n t  l e v e l s  



towards t h e  " i d e a l "  s t anda rds .  C e t e r i s  p a r i b u s ,  it w i l l  i n c r e a s e  
a  s t anda rd  which i s  c u r r e n t l y  f a r  from i d e a l ,  i n  p re fe rence  t o  
i n c r e a s i n g  one which i s  c u r r e n t l y  c l o s e  t o  i d e a l  ( a s  shown i n  
F i g u r e s  1 and 2 ) .  The ou tpu t  of such a  r u n  shows t h e  "optimum" 
mix o f  r e s o u r c e s ,  a long wi th  s t a t emen t s  of t h e  modes used and 
t h e  l e v e l s  of  s t anda rds ;  t h e  informat ion  on s t a n d a r d s  can be 
p re sen ted  i n  a b s o l u t e  te rms,  ( f o r  example, one nu r se  v i s i t  pe r  
week t o  a  b e d f a s t  c l i e n t  l i v i n g  i n  h i s  own home), o r  i n  te rms 
r e l a t i v e  t o  c u r r e n t  s t anda rds  ( f o r  example, 20 pe rcen t  l e s s  nu r se  
v i s i t i n g  t o  t h e  E l d e r l y  c l i e n t  group) o r  r e l a t i v e  t o  i d e a l  s t an -  
da rds .  

Given t h e  c u r r e n t  s t a t e  of  t h e  d a t a ,  ORS do n o t  c l a im t h a t  
t h i s  t y p e  o f  r e s u l t  i s  p r e d i c t i v e  i n  t h e  sense  of f o r e c a s t i n g  
e x a c t l y  how home nur ses  w i l l  be  r a t i o n e d  i n  t h e  f i e l d  between 
each  c l i e n t  ca t egory .  The r e s u l t  i s  i n  t h e  same l o g i c a l  p red ic -  
ament a s  t h e  s t a t emen t s  i n  t h e  p lanning  submission on how re -  
sou rces  planned f o r  t h e  f u t u r e  w i l l  be shared  between c l i e n t  
groups;  they  a r e  s t a t emen t s  of  how t h e  Department would l i k e  t h e  
r e s o u r c e s  t o  be a l l o c a t e d ,  bu t  it is  no t  c l e a r  t h a t  t h e  f i e l d  
d e c i s i o n  makers would t a k e  t h e  same view. Thus t h e  r e s u l t  de-  
s c r i b e d  above i s  b e s t  regarded  a s  an  e x p l o r a t o r y  r e s u l t .  It 
d e s c r i b e s  f e a s i b l e  and i n t e r n a l l y  c o n s i s t e n t  a l l o c a t i o n s  of r e -  
sou rces  and t h u s  i s  p e r f e c t l y  v a l i d  a s  an  a i d  t o  t h e  Department 
i n  fo rmula t ing  a  p l an .  The implementat ion of t h e  p l an  i s  a  
s e p a r a t e  i s s u e .  

CASE E  

Given t h e  problems of t r a n s l a t i n g . c e n t r a 1  p l a n s  i n t o  dec i -  
s i o n s  i n  t h e  f i e l d ,  a  more u s e f u l  way of  employing t h e  model i s  
a  v a r i a n t  of Case D i n  which t h e  p l anne r s  i n t e r a c t  w i t h  t h e  model, 
a l t e r i n g  t h e  p r i o r i t i e s  i n  t h e  c h o i c e  c r i t e r i o n  u n t i l  a  s t a t e  i s  
reached where t h e  p r i o r i t i e s  a r e  a  r ea sonab le  compromise between 
what p l anne r s  a r e  aiming a t  and what t hey  f e e l  can a c t u a l l y  be  
achieved i n  t h e  f i e l d .  In  t h i s  t ype  of  a p p l i c a t i o n ,  t h e  p lan-  
n e r s  would s tudy  t h e  r e s u l t s  o f  Case D and c a l l  f o r  mod i f i ca t ions .  
For example, suppose t h a t  t h e  i n i t i a l  run  sugges t s  low s t a n d a r d s  
of  community c a r e  f o r  t h e  men ta l ly  ill; i f  t h e  Department con- 
s i d e r s  t h a t  i n  p r a c t i c e  t h e  men ta l ly  ill would a t t r a c t  a  l a r g e r  
s h a r e  of  t h e  a v a i l a b l e  r e s o u r c e s ,  a s  a  consequence of i n t e rven -  
t i o n  by t h e  Department o r  i n  t h e  l i g h t  of r e c e n t  t r e n d s ,  t hen  
t h e  p r i o r i t y  of  s t a n d a r d s  f o r  t h e  mental  i l l n e s s  c a t e g o r i e s  can  
be inc reased  i n  t h e  model. (This  is  achieved by i n c r e a s i n g  t h e  
numbers i n  t h e  i n p u t  d a t a  which d e s c r i b e  t h e  g r a d i e n t s  of  t h e  
s t anda rd  cu rves  f o r  mental  i l l n e s s  c a t e g o r i e s ,  i . e . ,  t h e  g rad i -  
e n t s  of t h e  f u n c t i o n  i l l u s t r a t e d  i n  F igu res  1 and 2 . )  The model 
can  now be  r e r u n  and w i l l  produce a  new s e t  of r e s u l t s .  These 
r e s u l t s  w i l l  probably sugges t  a  d i f f e r e n t  ba lance  of  r e sources .  
They w i l l  show inc reased  s t a n d a r d s  f o r  mental  i l l n e s s  b u t  on ly  
a t  t h e  expense o f  some o r  a l l  of t h e  o t h e r  c l i e n t  groups.  The 
p l a n n e r s  could  examine t h e s e  r e s u l t s ,  sugges t  mod i f i ca t ions  and 
i n i t i a t e  a  f u r t h e r  run .  So t h e  p rocess  could  go  on u n t i l  an  



a l l o c a t i o n  of  r e s o u r c e s  was ob ta ined  which s a t i s f i e d  t h e  plan-  
n e r  and which he f e l t  could  be implemented i n  p r a c t i c e .  

Discuss ion  

Cases C and E exemplify p o s s i b l e  a p p l i c a t i o n s  of  t h e  model 
i n  which p l a n n e r s  u s e  t h e  model i n t e r a c t i v e l y  t o  e x p l o r e  r a p i d l y  
a  number of  s t r a t e g i c  o p t i o n s .  ORS c l a im  t h a t  t h i s  t y p e  of ex- 
e r c i s e  i s  l i k e l y  t o  g e n e r a t e  e f f i c i e n t  and/or  d e s i r a b l e  o p t i o n s  
which would be missed1 by more agg rega t e  approaches.  It i s  n o t  
claimed t h a t  t h e  model can  produce,  o r  e v e r  w i l l  produce,  t h e  
" r i g h t "  answer. Rather  it is  a dev ice  which p l a n n e r s  can  u s e  
t o  g a i n  i n s i g h t s  which t h e y  might n o t  g a i n  i n  any o t h e r  way. 
Nor i s  it t r u e  t h a t  t h e  model f a i l s  i f  it cannot  produce an 
o p t i o n  t h a t  i s  100 p e r c e n t  a c c e p t a b l e  t o  p l anne r s .  It w i l l  have 
been u s e f u l  even i f  it only  p rov ides  i n s i g h t s  t h a t  p l a n n e r s  can  
i n c o r p o r a t e  i n t o  t h e  o p t i o n  t h e y  p u t  forward.  

Another noteworthy f e a t u r e  i s  t h a t  t h e  model p r e s e r v e s  t h e  
account ing  of  a l l  r e s o u r c e s  i n  t h e  Heal th  and Pe r sona l  S o c i a l  
S e r v i c e s  (HPSS). There a r e  some c l i e n t  g roups ,  such a s  c h i l d r e n ,  
d e n t i s t r y ,  f o r  which d a t a  on c a t e g o r i e s ,  modes and s t a n d a r d s ,  a r e  
no t  y e t  i nco rpo ra t ed  i n t o  t h e  d a t a  base  of t h e  model. However 
t h e  expend i tu re  and r e s o u r c e s  a s s o c i a t e d  wi th  t h e s e  c l i e n t  groups 
i s  handled i n  t h e  model i n  t h e  same way a s  i n  t h e  Programme Bud- 
g e t .  Thus, p a r t i c u l a r l y  under  c o n d i t i o n s  of t i g h t  expend i tu re  
c o n s t r a i n t s ,  t h e  model demonst ra tes  c l e a r l y  t h a t  improvements i n  
s e r v i c e s  f o r  one c l i e n t  group can  u s u a l l y  on ly  be achieved  a t  
t h e  expense of  o t h e r s ;  indeed it p rov ides  d e t a i l e d  i n fo rma t ion  
abou t  t h e  c o s t  involved .  

OTHER APPLICATIONS 

There a r e  many o t h e r  ways i n  which t h e  model might be ap- 
p l i e d  t o  t h e  p lanning  p roces s .  Two w i l l  be mentioned h e r e ,  ve ry  
b r i e f l y ,  because t hey  i l l u s t r a t e  two f u r t h e r  f e a t u r e s  of t h e  
model. 

I n  a l l  t h e  examples mentioned s o  f a r ,  t h e  i n fo rma t ion  on 
cover  f o r  1978/79 has  been supp l i ed  by t h e  u s e r  and inco rpo ra t ed  
i n t o  t h e  i n p u t  d a t a .  However, t h e  model pos ses se s  t h e  a b i l i t y  
t o  vary  cover  i n  t h e  same way a s  s t anda rds .  Thus t h e  u s e r  could  
merely s p e c i f y  some in fo rma t ion  on r e sou rce  c o n s t r a i n t s  and ex- 
p e n d i t u r e s  and use  t h e  model t o  f i n d  t h e  " b e s t "  a l l o c a t i o n  i n  
te rms  of  cover  and s t anda rds .  The i n p u t  d a t a  would i n c l u d e  num- 
b e r s  d e s c r i b i n g  t h e  t r a d e - o f f s  between cover  o f  t h e  v a r i o u s  c a t e -  
g o r i e s  and between t h e s e  and s t a n d a r d s .  Thus, t h e  model would 
be f a c i n g  c h o i c e s  o f  t h e  k ind  " t r e a t  100 f u r t h e r  mental  i l l n e s s  
p a t i e n t s  o r  r a i s e  t h e  s t a n d a r d s  of t h o s e  a l r e a d y  i n  c a r e " .  I n  
p r a c t i c e ,  it i s  n o t  envisaged  t h a t  t h e  u s e r  would g i v e  t h e  model 
complete  freedom t o  va ry  cover .  It i s  expected t h a t  he would 
s p e c i f y  lower and,  p o s s i b l y ,  upper l i m i t s  f o r  a t  l e a s t  some 



c a t e g o r i e s :  f o r  example,  a t  l e a s t  10,000 b u t  no  more t h a n  20,000 
h y s t e r i c s  must b e  t r e a t e d .  The model h a s  n o t  y e t  been a p p l i e d  
i n  p r a c t i c e  i n  t h i s  way a l t h o u g h  it h a s  been a p p l i e d ,  u s i n g  P lan-  
n i n g  S t a t e m e n t  i n f o r m a t i o n ,  i n  a l l  t h e  o t h e r  ways ment ioned i n  
t h i s  p a p e r .  

I n  a l l  t h e  a p p l i c a t i o n s  d e s c r i b e d  s o  f a r ,  t h e  model is  pro-  
v i d e d  w i t h  i n f o r m a t i o n ,  i n  v a r y i n g  d e g r e e s  of d e t a i l ,  on t h e  de-  
s i r e d  p a t t e r n  o f  c a r e  and t h e  r e s u l t s  of t h e  model show, i n t e r  
a l i a ,  t h e  r e s o u r c e  consequences .  It  i s  p o s s i b l e  t o  u s e  t h e  mod- 
e l  t h e  o t h e r  way round-- to  s u p p l y  it w i t h  a proposed  set of re- 
s o u r c e s  and t o  g e t  t h e  model t o  c a l c u l a t e  what  t h e  consequences  
migh t  b e  i n  t e r m s  of c o v e r ,  modes and s t a n d a r d s .  I n  t h i s  way, 
p l a n n e r s  c o u l d  t r y  o u t  proposed a l l o c a t i o n s .  I n  p r a c t i c e ,  it i s  
e n v i s a g e d  t h a t  p l a n n e r s  would n o t  m e r e l y  have p r o p o s a l s  on quan- 
t i t i e s  of  r e s o u r c e s  b u t  a l s o  e x p e c t a t i o n s  a b o u t  how some of t h e s e  
r e s o u r c e s  m i g h t  b e  r a t i o n e d  between c l i e n t  g r o u p s  and what c o v e r  
o r  s t a n d a r d s  migh t  b e  a c h i e v e d ;  f o r  example,  "75 p e r c e n t  of home 
n u r s e s  w i l l  b e  a l l o c a t e d  t o  t h e  E l d e r l y " ;  "cover  and s t a n d a r d s  
w i l l  n o t  f a l l  below 1974/75 l e v e l s " .  The model would t h e n  show 
whether  o r  n o t  a l l  t h e s e  e x p e c t a t i o n s  were c o m p a t i b l e  w i t h  t h e  
p roposed  r e s o u r c e s ;  i f  t h e y  were n o t  a l l  c o m p a t i b l e ,  t h e  model 
would s u g g e s t  a l t e r n a t i v e  ways i n  which t h e  e x p e c t a t i o n s  would 
need t o  c o n t r a c t ,  s u c h  a s  " c o v e r  f o r  t h e  p h y s i c a l l y  handicapped 
would d r o p  by t h r e e  p e r c e n t " .  

D i s c u s s i o n  

T h i s  l a s t  p o s s i b l e  a p p l i c a t i o n  p r o v i d e s  a  f u r t h e r  example 
of  how t h e  model c o u l d  c o n t r i b u t e  i n  a r e a s  beyond t h e  r e a c h  of 
a g g r e g a t e  a p p r o a c h e s .  I n  p r o v i d i n g  t h e s e  examples ,  ORS a r e  n o t  
s u g g e s t i n g  t h a t  t h e  macro-model c o u l d  r e p l a c e  a p p r o p r i a t e  t e c h -  
n i q u e s ,  b u t  r a t h e r  t h a t  s u c h  a c t i v i t i e s  a r e  complementary and 
t h a t  t h e  Department needs  them a l l  f o r  a  f u l l  e x a m i n a t i o n  o f  i t s  
s t r a t e g i c  o p t i o n s .  
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Some Requirements  f o r  S t r a t e g i c  Models o f  H e a l t h  S e r v i c e s  

I l l u s t r a t e d  by Examples from t h e  U n i t e d  Kingdomt 

A.G. McDonald and R . J .  G ibbs  

Three  themes a r e  p r e s e n t e d  i n  t h i s  p a p e r .  F i r s t ,  t h e  form 
o f  s t r a t e g i c  models  s h o u l d  r e l a t e  t o  t h e  form o f  t h e  o r g a n i z a -  
t i o n  t a k i n g  t h e  s t r a t e g i c  d e c i s i o n s  and t o  t h e  form of  t h e  man- 
agement  h i e r a r c h y  r e s p o n s i b l e  f o r  implement ing them. Second, 
t h e  models  s h o u l d  t a k e  a  v e r y  l o n g - s i g h t e d  view of  t h e  o p t i o n s  
open t o  t h e  s e r v i c e  and i n c o r p o r a t e  a n  u n d e r s t a n d i n g  o f  wha t  t h e  
i d e a l  t y p e s  o f  s e r v i c e  would be;  t h i s  i s  i n  c o n t r a s t  t o  d e s c r i p -  
t i v e  mode ls ,  which t e n d  t o  p e r p e t u a t e  t h e  s t a t u s  quo. T h i r d ,  
s t r a t e g i c  models  s h o u l d  r e p r e s e n t  t h e  b e h a v i o r a l  c o n f l i c t s  a r i s -  
i n g  i n  t h e  s e r v i c e  a s  a  r e s u l t  o f  t h e  a v a i l a b i l i t y  of  r e s o u r c e s  
b e i n g  less t h a n  t h a t  needed t o  a t t a i n  i d e a l  l e v e l s  o f  s e r v i c e .  
These t h r e e  themes w i l l  b e  i l l u s t r a t e d  by r e f e r e n c e  t o  t h e  mod- 
e l i n g  program i n  t h e  Uni ted  Kingdom Department  o f  H e a l t h  and 
S o c i a l  S e c u r i t y  (DHSS) and i n  p a r t i c u l a r  t o  o n e  model i n  t h e  
program, which e x p l o r e s  r e s o u r c e  a l l o c a t i o n  problems-- the In -  
f e r r e d  Worth Model. 

The f i r s t  theme i s  t h a t  i n  o r d e r  f o r  s t r a t e g i c  models  t o  b e  
u s e f u l  t h e i r  form must r e l a t e  t o  t h e  form of  t h e  "cus tomer"  o r -  
g a n i z a t i o n .  C o n t r o l l a b l e  v a r i a b l e s  i n  t h e  model s h o u l d  b e  s u c h  
t h a t  t h e y  c a n  b e  mapped o n t o  t h e  d e c i s i o n  v a r i a b l e s  o f  t h e  o r g a n i -  
z a t i o n .  O t h e r w i s e ,  a  model may h a v e  c o n s i d e r a b l e  academic i n -  
terest  b u t  it c a n n o t  b e  h a r n e s s e d  by t h e  e x e c u t i v e .  

L e t  u s  now examine how t h i s  p r i n c i p l e  h a s  g u i d e d  t h e  model- 
i n g  work o f  O p e r a t i o n a l  Research  S e r v i c e  (ORS) i n  t h e  DHSS. A 
s i m p l i f i e d  v e r s i o n  o f  t h e  o r g a n i z a t i o n  o f  t h e  p a r t  o f  DHSS which 
d e a l s  w i t h  H e a l t h  and P e r s o n a l  S o c i a l  S e r v i c e s  (HPSS) i s  shown 
i n  F i g u r e  1 .  One g r o u p  i s  concerned  w i t h  t h e  development  o f  
s e r v i c e s  f o r  t h e  v a r i o u s  c a t e g o r i e s  o f  c l i e n t s ;  f o r  example,  one  
s u b d i v i s i o n  w i t h i n  t h i s  g r o u p  d e a l s  w i t h  t h e  development  o f  ser- 
v i c e s  f o r  t h e  m e n t a l l y  handicapped ,  a n o t h e r  w i t h  s e r v i c e s  f o r  
t h e  e l d e r l y  and s o  on.  A second g r o u p  i s  concerned  w i t h  manpower 
p o l i c i e s  ( e . g . ,  t r a i n i n g ,  c o n d i t i o n s  o f  s e r v i c e ) ;  it i s  s u b d i -  
v i d e d  a c c o r d i n g  t o  t h e  d i f f e r e n t  t y p e s  o f  s t a f f  ( m e d i c a l ,  nurs -  
i n g ,  e t c . ) .  A t h i r d  g roup  d e a l s  w i t h  r e g i o n a l  m a t t e r s - - t h e  a l -  
l o c a t i o n  of  r e s o u r c e s  between r e g i o n s ,  p l a n n i n g  and management 
i n  t h e  f i e l d  a u t h o r i t i e s - - a n d  w i t h  h e a l t h  s e r v i c e  b u i l d i n g s .  

? T h i s  p a p e r  e x p r e s s e s  t h e  p e r s o n a l  v iews  of  t h e  a u t h o r s ;  it i s  
n o t  a  s t a t e m e n t  o f  o f f i c i a l  p o l i c y  of  t h e  Department  o f  H e a l t h  
and S o c i a l  S e c u r i t y ,  UK. 
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Figure 1. A simplified plan of part of the organization of the 
DHSS and its relation to the ORS modeling program. 



A f o u r t h  group, admin i s t ra t ion ,  handles a  number of s u b j e c t s ,  
one of which i s  medical research.  (This d e s c r i p t i o n  of t h e  DHSS 
organ iza t ion  i s  incomplete and s impl i f i ed  but  i s  adequate f o r  t h e  
purposes of t h i s  paper.)  

This p a t t e r n  of organizat ion a t  DHSS was designed t o  match 
t h e  o rgan iza t ion  of planning and management i n  t h e  f i e l d  author-  
i t i e s  of t h e  National Health Service  (NHS) and the  Personal  So- 
c i a l  Se rv ices  (PSS). There i s  no t  space here  t o  g ive  an adequate 
account of t h e  c u r r e n t  o rgan iza t ion  of t h e  f i e l d  a u t h o r i t i e s  
which d a t e s  from t h e  reorgan iza t ion  of both NHS and Local Govern- 
ment i n  Apr i l  1974. Suf f i ce  it t o  say t h a t  a t  d i s t r i c t  l e v e l  
s e r v i c e  planning i s  intended t o  be c a r r i e d  out  by h e a l t h  c a r e  
planning teams, one team f o r  each c l i e n t  category;  t h i s  p a r a l l e l s  
some of t h e  funct ions  of t h e  Services  Development Group a t  DHSS. 
Other branches of t h e  organizat ion a t  Area* l e v e l  a r e  responsi-  
b l e  f o r  some of t h e  personnel func t ions ,  f o r  ambulance s e r v i c e s  
and f o r  supp l i es ,  w h i l s t  Regions* have r e s p o n s i b i l i t y ,  i n t e r  a l i a ,  
f o r  t h e  planning of h o s p i t a l  bui ld ing and f o r  t h e  a l l o c a t i o n  of 
resources  t o  a reas ;  t h i s  p a r a l l e l s  t h e  func t ions  of t h e  Manpower 
and t h e  Regional Groups a t  DHSS. 

Although models should be designed t o  r e l a t e  t o  t h e  organi-  
za t ion  of t h e  execut ive ,  it does no t  follow t h a t  t h e  scope of a  
model should be del imi ted by t h e  compartments i n  t h e  execu t ive ' s  
o rgan iza t ion .  Indeed one of t h e  most valuable  a t t r i b u t e s  of a  
model i s  t h a t  i n  exploring p o s s i b l e  s o l u t i o n s  t o  a  problem i n  
one p a r t  of t h e  o rgan iza t ion ,  it can i l lumina te  consequences of 
concern f o r  some o the r  p a r t  of t h e  organizat ion t h a t  might o ther-  
wise be overlooked. 

The In fe r red  Worth Model [ I ]  i s  s p e c i f i c a l l y  concerned with 
t h e  way i n  which t h e  development of s e r v i c e s  f o r  one c l i e n t  ca te-  
gory may i n t e r a c t  and compete wi th  t h e  development of s e r v i c e s  
f o r  another c l i e n t  category because of c o n s t r a i n t s  on t h e  over- 
a l l  a v a i l a b i l i t y  of resources .  It s t a r t e d  i n  concept 121 a s  an 
at tempt t o  survey t h e  Department's interdependent a c t i v i t i e s  i n  
HPSS i n  order  t o  f a c i l i t a t e  a  r ap id  enumeration of t h e  p r i n c i p a l  
consequences of d i f f e r e n t  p o l i c i e s  and thus  al low t h e  exp lo ra t ion  
o'f a  l a r g e  number of poss ib le  po l i cy  op t ions .  The model is de- 
signed t o  r e l a t e  t h e  c a r e  given t o  some of t h e  d i f f e r e n t  types  
of p a t i e n t  t o  t h e  o v e r a l l  l e v e l  of resources  used by t h e  HPSS. 
I t  does n o t  at tempt t o  s e t  pol icy  dec i s ions  bu t  t o  i l l u s t r a t e  
t h e i r  consequences. The model has been formulated, i s  being 
t e s t e d  and i t s  poss ib le  uses  a r e  c u r r e n t l y  being explored.  

The model r ep resen t s  t h e  p a t t e r n  of c a r e  given t o  d i f f e r e n t  
types  of p a t i e n t  i n  terms o f :  

*The NHS i n  England has a  t h r e e - t i e r  h ierarchy c o n s i s t i n g  of 14 
Regions, 90 Areas and 205 D i s t r i c t s .  A D i s t r i c t  se rves  a  pop- 
u l a t i o n  of roughly 250,000. 



- Cover: t h e  number of p a t i e n t s  r e c e i v i n g  c a r e  ( e .g . ,  
60,000 h e r n i a  p a t i e n t s )  ; 

- Modes: t h e  t y p e s  of c a r e  a v a i l a b l e  ( e - g . ,  day surgery  
fol lowed by d o m i c i l i a r y  c a r e  by home n u r s e ) ;  

- Standards :  t h e  l e v e l s  a t  which c a r e  i s  g iven  t o  i n d i v i d -  
u a l  p a t i e n t s  i n  q u a n t i t a t i v e  te rms  (e .g . ,  s i x  home nu r se  
v i s i t s )  ; 

and e x p l o r e s  a l t e r n a t i v e  p a t t e r n s  w i t h i n  c o n s t r a i n t s  on t h e  a v a i l -  
a b i l i t y  of r e s o u r c e s  and f i n a n c e .  A mathematical  d e s c r i p t i o n  of 
t h e  model i s  g iven  i n  t h e  Appendix t o  t h i s  paper .  

Within t h e  model, t h e r e  i s  a  r e p r e s e n t a t i o n  of a l t e r n a t i v e  
modes o f  c a r e  f o r  a  number of  t y p e s  of p a t i e n t s  w i t h i n  each main 
c a t e g o r y  ( e l d e r l y ,  men ta l l y  ill, e t c . ) .  02.5 had t o  work c l o s e l y  
w i th  each  s u b d i v i s i o n  a t  DHSS t o  ach i eve  t h i s  r e p r e s e n t a t i o n .  
However, t h e  main v a l u e  of  t h e  model l i e s  i n  showing t h e  con- 
f l i c t s  and i n t e r a c t i o n s  between t h e  proposed developments f o r  
t h e  d i f f e r e n t  c l i e n t  c a t e g o r i e s  and t h i s  h a s  r e q u i r e d  t h a t  r e -  
s u l t s  from t h e  model be r e p o r t e d  a t  a  l e v e l  above t h e  subdiv i -  
s i o n s .  

The  s e c o n d  t h e m e  of  t h i s  paper  is  t h a t  models need t o  t a k e  
some account  of " i d e a l "  p a t t e r n s  of s e r v i c e  i n  o r d e r  t o  avoid  
becoming d e s c r i p t i v e  models p e r p e t u a t i n g  t h e  s t a t u s  quo. Th i s  
theme can  be i l l u s t r a t e d  by r e f e r e n c e  t o  t h e  I n f e r r e d  Worth 
Model. 

I n  t h e  model, a l t e r n a t i v e  modes of c a r e  a r e  de f ined  f o r  each 
p a t i e n t  ca t ego ry .  Cons ider ,  f o r  example, t h e  h e r n i a  c a t e g o r y .  
One mode of  c a r e  f o r  such a  p a t i e n t  would be su rge ry  and a  num- 
b e r  of days  i n  an a c u t e  ward of  a  h o s p i t a l .  An a l t e r n a t i v e  mode 
i s  day su rge ry  fol lowed by a  number of  nu r se  v i s i t s  t o  t h e  pa- 
t i e n t ' s  home. There is  c o n s i d e r a b l e  ev idence  t h a t  t h e  day su r -  
ge ry  mode is  cheaper  f o r  t h e  s e r v i c e  and f r e q u e n t l y  p r e f e r a b l e  
f o r  t h e  p a t i e n t  and h i s  f ami ly .  From t h e  economic p o i n t  of  view, 
t h e  i d e a l  p a t t e r n  o f  s e r v i c e  would be f o r  most h e r n i a  p a t i e n t s  
t o  be t r e a t e d  by t h e  day su rge ry  mode. However, t h e  c u r r e n t  
p o s i t i o n  i n  t h e  United Kingdom i s  t h a t  day s u r g e r y  i s  employed 
f o r  o n l y  a  sma l l  p ropor t i on  of h e r n i a  p a t i e n t s  a l though t h e  
t r e n d  i s  f o r  t h i s  p ropor t i on  t o  i n c r e a s e .  Neve r the l e s s ,  t h e  
model a l l ows  f o r  t h e  p o s s i b i l i t y  t h a t  an i d e a l  p a t t e r n  o f  s e r -  
v i c e  cou ld  come about  i n  t h e  f u t u r e  by r e p r e s e n t i n g  day su rge ry  
a s  a  p e r m i s s i b l e  mode of c a r e  f o r  every  p a t i e n t  i n  t h e  h e r n i a  
ca t ego ry .  I n  p r a c t i c e ,  t h i s  i d e a l  p a t t e r n  may n o t  come abou t  
because of ( a )  t h e  s c a r c i t y  of home n u r s e s  ( b )  t h e  d i s a p p r o v a l  
by some c l i n i c i a n s  of day su rge ry  and ( c )  t h e  u n s u i t a b i l i t y  of 
some p a t i e n t s  f o r  c l i n i c a l  reasons .  These f a c t o r s  a r e  r e p r e s e n t -  
ed i n  t h e  model ( s e e  Appendix) -- ( a )  by c o n s t r a i n t s  on r e s o u r c e s  
and by e l a s t i c i t i e s ;  ( b )  and ( c )  by c o n s t r a i n t s  on t h e  u s e  of  
s p e c i f i c  modes; t h e  c o n s t r a i n t s  can  be r e l a x e d  i f  a p p r o p r i a t e .  
I n  t h i s  way, t h e  s e r v i c e  i s  seen  a s  deve loping ,  when pe rmi t t ed ,  
from i t s  c u r r e n t  s t a t e  towards an  i d e a l  one. 



The modes of  c a r e  f o r  many o t h e r  p a t i e n t  c a t e g o r i e s  a r e  r e -  
p re sen ted  i n  a  s i m i l a r  way--one o r  more modes r e p r e s e n t i n g  pop- 
u l a r  c u r r e n t  p r a c t i c e  and o t h e r  modes t h a t  a r e  thought  t o  be 
p o s s i b l e  o r  even d e s i r a b l e  a l t e r n a t i v e s  bu t  may n o t  be commonly 
employed today.  For example, f o r  t h e  men ta l ly  ill, a  long s p e l l  
o f  h o s p i t a l i z a t i o n  has been t h e  normal mode of c a r e  f o r  many of 
t h e  more seve re  c o n d i t i o n s .  However, r e c e n t  c l i n i c a l  and s o c i a l  
developments have opened up t h e  p o s s i b i l i t y  of  modes of  c a r e  
based l e s s  on h o s p i t a l  and more on community s e r v i c e s  (e .g . ,  day 
h o s p i t a l  c a r e ,  d o m i c i l i a r y  c a r e  by n u r s e s  and s o c i a l  worke r s ) .  
Accordingly,  f o r  menta l ly  ill p a t i e n t s ,  t h e  fo l lowing modes a r e  
de f ined :  long s t a y  h o s p i t a l i z a t i o n ,  s h o r t  s t a y  h o s p i t a l i z a t i o n  
fol lowed by day c a r e  o r  d o m i c i l i a r y  c a r e ,  day c a r e ,  o u t - p a t i e n t  
t r ea tmen t ,  e t c .  For t h e  e l d e r l y ,  t h e  t r a d i t i o n a l  modes of  c a r e  
a r e  g e r i a t r i c  h o s p i t a l s  and r e s i d e n t i a l  homes, bu t  t h e r e  i s  in-  
c r e a s i n g  awareness of  t h e  p o s s i b i l i t y  and d e s i r a b i l i t y  of  com- 
munity c a r e  based e i t h e r  on t h e  c l i e n t ' s  own home o r  on s p e c i a l  
housing wi th ,  sometimes, a  warden i n  a t t endance .  (Community 
c a r e  f o r  a n  e l d e r l y  c l i e n t  might i nvo lve  some of  t h e  fo l lowing 
t y p e s  of  s e r v i c e :  home nur se ,  home h e l p s  ( f o r  h e l p  wi th  c l ean -  
i ng ,  washing, shopping and/or cook ing) ,  "meals on wheels" ,  day 
c e n t e r s ,  g e r i a t r i c  day h o s p i t a l s ,  phys io therapy,  ch i ropody) .  
Once a g a i n  t h e  community c a r e  modes a r e  b u i l t  i n t o  t h e  model 
even though, f o r  many c a t e g o r i e s  o f  c l i e n t ,  t hey  a r e  n o t  ex ten-  
s i v e l y  employed today.  

From what has  been s a i d  above, it can  be seen t h a t  t h e  mod- 
e l  i s  capab le  of  exp lo r ing  p a t t e r n s  of s e r v i c e  t h a t  a r e  r a d i c a l l y  
d i f f e r e n t  from t h o s e  t h a t  o b t a i n  today.  Such a  c a p a b i l i t y  could  
n o t  be  shown by a  model which s t a r t e d  from a  d e s c r i p t i o n  of t h e  
c u r r e n t  p a t t e r n  of  s e r v i c e  and merely " t i nke red"  wi th  t h e  system 
by cons ide r ing  margina l  changes--an approach which Lindblom [31 
has  d e s c r i b e d  a s  " d i s j o i n t e d  incremental ism" ( o r  more g r a p h i c a l -  
l y ,  "muddling through")  and whose shortcomings f o r  h e a l t h  s e r -  
vice planning  a p p l i c a t i o n s  have been d i scussed  by Himatsingani  
[ U ] .  An e x p l o r a t o r y  model i s  t o  be p r e f e r r e d  t o  t h e  d e s c r i p t i v e  

model even i n  s i t u a t i o n s  where t h e  r e s t r i c t i o n s  on t h e  system 
permi t  o n l y  marginal  changes w i t h i n  t h e  t ime  pe r iod  under con- 
s i d e r a t i o n .  For on ly  by t a k i n g  i n t o  account  i d e a l  p o s s i b i l i t i e s  
can  one s e l e c t  t h e  b e s t  d i r e c t i o n  i n  which t o  move. Decision 
makers i n  a  subsequent  pe r iod  w i l l  n o t  thank t h e i r  p redecesso r s  
f o r  having looked no f u r t h e r  t h a n  t h e  p r e v a i l i n g  l i m i t s  t o  change. 

There i s  ano the r  a s p e c t  of t h e  I n f e r r e d  Worth Model i n  which 
i d e a l s  have been cons idered .  Th i s  concerns  t h e  s t a n d a r d s  of c a r e ,  
a s  d e f i n e d  above. Thus f o r  t h e  day su rge ry  mode of  c a r e  f o r  her-  
n i a  p a t i e n t s ,  t h e  UK l i t e r a t u r e  [51 sugges t s  t h a t  on average  an  
i d e a l  o r  d e s i r e d  s t anda rd  might be about  s i x  p o s t o p e r a t i v e  home 
nur se  v i s i t s .  S i m i l a r  i d e a l  s t a n d a r d s  of c a r e  a r e  de f ined  f o r  
t h e  o t h e r  modes i n  t h e  model. I n  p r a c t i c e ,  t h e  s e r v i c e  employs 
modes of  c a r e  a t  cons ide rab ly  less than  t h e s e  i d e a l  s t a n d a r d s  
because of r e s o u r c e  s c a r c i t i e s .  This  behavior  is  r e p r e s e n t e d  i n  
t h e  model by a  f u n c t i o n ,  " i n f e r r e d  worth".  I t  i s  hypothes ized  
t h a t  t h e  s e r v i c e  a t t e m p t s  t o  maximize i n f e r r e d  worth n e t  of  c o s t .  



The c o n t r i b u t i o n  t o  t o t a l  i n f e r r e d  worth from t r e a t i n g  a  p a t i e n t  
a t  i d e a l  s t anda rds  i s  a r b i t r a r i l y  f i x e d  a t  zero .  There i s  a  neg- 
a t i v e  c o n t r i b u t i o n  f o r  l e s s  t h a n  i d e a l  s t a n d a r d s  desc r ibed  by a  
monotonical ly i n c r e a s i n g  f u n c t i o n  whose g r a d i e n t  equa l s  t h e  d i -  
r e c t  r e source  u n i t  c o s t  a t  t h e  p o i n t  cor responding  t o  t h e  i d e a l  
s t anda rd .  This  i s  i l l u s t r a t e d  f o r  t h e  day su rge ry  mode f o r  her-  
n i a  p a t i e n t s  i n  F igu re  2 .  Even i f  t h e  a v a i l a b i l i t y  of  home nur ses  
pe rmi t t ed ,  t h e  model would n o t  a l l o c a t e  more t h a n  t h e  i d e a l  s t a n -  
d a r d ,  s i x ,  t o  t h i s  mode s i n c e  t h e  e x t r a  c o n t r i b u t i o n  t o  i n f e r r e d  
worth would be outweighed by nega t ive  c o n t r i b u t i o n  of  r e source  
c o s t .  However, i n  a l l  t h e  a p p l i c a t i o n s  of  t h e  model t o  d a t e ,  t h e  
o v e r a l l  r e s o u r c e  l i m i t s  have been such t h a t  s t a n d a r d s  of  c a r e  con- 
s i d e r a b l y  l e s s  t han  i d e a l  have been i n e v i t a b l e  f o r  n e a r l y  a l l  
modes. The model r e p r e s e n t s  t h e  p r e s e n t  r e a l i t y  of  t h e  servhce  
a c c e p t i n g  l e s s  t h a n  i d e a l  s t anda rds  by means of t h e  f u n c t i o n s  
d e s c r i b e d  above, bu t  it a l s o  r e p r e s e n t s  t h e  way t h e  s e r v i c e  might 
move i n  t h e  d i r e c t i o n  o f  t h e  i d e a l  i f  r e s o u r c e  a v a i l a b i l i t y  i n -  
c r e a s e s ;  it does  n o t  f r e e z e  t h e  s e r v i c e  a t  t h e  s t anda rds  of  today 
o r  any o t h e r  moment o f  t ime.  

Figure 2. The contribution to inferred worth of varying standards of home 
nurse visiting to a hernia patient in the day surgery mode. 
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T h e  t h i r d  and f i n a t  t h e m e  of t h i s  paper i s  t h e  d e s i r a b i l i t y  
f o r  s t r a t e g i c  models t o  r e p r e s e n t  t h e  ba lance  of  f o r c e s  and con- 
f l i c t s  of  i n t e r e s t  t h a t  a r i s e  i n  t h e  r e a l  world. A model which 
f a i l s  t o  do  t h i s  and which merely c a l c u l a t e s  t h e  consequences of  
a l t e r n a t i v e  combinat ions of c h o i c e  would be wholly adequate  only  
f o r  a  system i n  which t h e r e  i s  a  s i n g l e  a l l -power fu l  d e c i s i o n  
maker wi th  complete a b i l i t y  t o  implement h i s  d e c i s i o n s .  Model- 
i ng  t h e  p re fe rences  and p r i o r i t i e s  of t h e  r e a l - l i f e  system pre-  
s e n t s  t h e  a n a l y s t  w i th  a  s e t  of  problems q u i t e  d i f f e r e n t  from 
t h o s e  he encounters  when he models t h e  r e source  consequences of 
a  p a t t e r n  o f  t r ea tmen t  o r  t h e  prognos is  of  a  c l i n i c a l  procedure.  
Here we a r e  a t t empt ing  t o  model t h e  behavior  of t h e  p r o f e s s i o n a l  
s t a f f  i n  t h e  s e r v i c e .  But i f  our  models f a i l  t o  t a k e  t h e  behav- 
i o r a l  a s p e c t  i n t o  account ,  t h e i r  s o l u t i o n s  may be  of  on ly  aca-  
demic i n t e r e s t .  
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I n  t h e  I n f e r r e d  Worth Model, f u n c t i o n s  a r e  de f ined  which 
r e p r e s e n t  t h e  i n f e r r e d  worth t o  t h e  s e r v i c e  of  ( a )  t r e a t i n g  more 
o r  fewer p a t i e n t s  and ( b )  t r e a t i n g  them a t  h ighe r  o r  lower s t a n -  
d a r d s .  Given a  s e t  of  l i m i t e d  r e sources ,  t h e s e  f u n c t i o n s  w i l l  
r e p r e s e n t  t h e  competing demands f o r  t h e  r e sources .  The s o l u t i o n  
provided by t h e  model c o n s t i t u t e s  a  p r e d i c t i o n  of how t h e  s e r -  
v i c e  would i n  p r a c t i c e  r a t i o n  t h e s e  r e sources  i f  t hey  were ac tu -  
a l l y  made a v a i l a b l e .  The model r e p r e s e n t s  s imul taneous ly  t h e  
c h o i c e s  concerning  cover ( t h e  numbers of  p a t i e n t s  t o  be t r e a t e d  
i n  each c a t e g o r y ) ,  t h e  modes o f  c a r e  f o r  each ca t egory ,  and t h e  
s t a n d a r d s  f o r  each mode. The mechansim of t h e  model can be il- 
l u s t r a t e d  by a  ve ry  much s i m p l i f i e d  example concerning  t h e  l a s t  
of  t h e  t h r e e  a r e a s  of cho ice :  s t anda rds .  

Take t h e  s i t u a t i o n  where t h e  model i s  cons ide r ing  one her -  
n i a  p a t i e n t  i n  t h e  day su rge ry  mode and one e l d e r l y  c l i e n t  of 
a  d o m i c i l i a r y  c a r e  mode. Let  u s  f u r t h e r  imagine t h a t  on ly  f i v e  
home nur se  v i s i t s  a r e  a v a i l a b l e  f o r  t h e  two of  them. We have 
a l r e a d y  seen  (F igu re  2 )  t h a t  t h e  i d e a l  s t anda rd  f o r  t h e  h e r n i a  
p a t i e n t  i s  s i x  v i s i t s .  Let  u s  suppose t h a t  t h e  i d e a l  s t anda rd  
f o r  t h e  d o m i c i l i a r y  mode of c a r e  f o r  t h e  e l d e r l y  c l i e n t  i s  fou r  
home nur se  v i s i t s  ( n e g l e c t i n g  f o r  t h e  p r e s e n t  t h e  o t h e r  s e r v i c e s  
t h a t  might a l s o  be r e q u i r e d  f o r  t h i s  mode of c a r e ) .  Let  u s  
f u r t h e r  assume t h a t  e l a s t i c i t i e s  f o r  t h e s e  two modes of c a r e  a r e  
i d e n t i c a l ,  i n  which c a s e  t h e  r e l e v a n t  cu rves  of  i n f e r r e d  worth 
c o n t r i b u t i o n  w i l l  be a s  shown i n  Figure  3 .  

Figure  3 a l s o  l i s ts  t h e  p o s s i b l e  i n t e g e r  s o l u t i o n s  t o  t h e  
r a t i o n i n g  problem. The extreme s o l u t i o n s  of  a l l o c a t i n g  a l l  f i v e  
u n i t s  t o  one p a t i e n t  and none t o  t h e  o t h e r  a t t r a c t  a  t o t a l  i n -  
f e r r e d  worth of - m .  In t e rmed ia t e  s o l u t i o n s  a t t r a c t  sma l l e r  
p e n a l t i e s ,  and t h e  optimum ( s i n c e  t h e  two cu rves  a r e  of  i d e n t i -  
c a l  shape and d i f f e r  on ly  i n  s c a l e )  i s  t h e  a l l o c a t i o n  of t h r e e  
v i s i t s  t o  t h e  h e r n i a  p a t i e n t  and two t o  t h e  e l d e r l y  c l i e n t .  Th i s  
is  t h e  p r e d i c t i o n  which t h e  model o f f e r s  on how t h e  s e r v i c e  would 
a c t u a l l y  r a t i o n  t h e  f i v e  nu r se  v i s i t s  i n  t h i s  s i t u a t i o n .  

I n  p r a c t i c e ,  of cou r se ,  t h e  c h o i c e s  d e a l t  w i t h  i n  t h e  mod- 
e l  a r e  n o t  a s  s imple  a s  t h i s .  The e l a s t i c i t i e s  d i f f e r  f o r  d i f -  
f e r e n t  p a t i e n t  c a t e g o r i e s  and d i f f e r e n t  modes and so  t h e  so lu-  
t i o n  would n o t  be a s  symmetrical a s  i n  t h e  example given.  Also 
t h e  model would c o n s i d e r ,  a s  would t h e  s e r v i c e ,  whether an  a l t e r -  
n a t i v e  mode of c a r e  might be employed f o r  one of  t h e  two; i f  t h e  
e l d e r l y  c l i e n t  could be  ass igned t o  a  r e s i d e n t i a l  home mode, 
t h e n  e x t r a  home nur se  v i s i t s  would be r e l e a s e d  f o r ,  among o t h e r s ,  
t h e  h e r n i a  p a t i e n t .  The model w i l l  s e l e c t  t h a t  combinat ion o f  
modes, s t a n d a r d s  and cover which maximizes i n f e r r e d  worth over-  
a l l .  
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Figure 3. The rationing of a scarce resource between two competing clients as 
represented in the inferred worth model. (The curves depict the function 
hilk(uilk). as defined in the parameter values Fik = 113 and Ck = 1/30.) 



REFERENCES 

[I] McDonald, A.G., et al., Balance of Care: Some Mathematical 
Models of the National Health Service, B r i t i s h  Med ica l  
B u L Z e t i n ,  - 30, 3 (1974). 

[2] Jackson, R.R.P., C o n t r i b u t i o n  t o  P l a n n i n g  D e l i v e r y  o f  H e a l t h  
Care ,  paper given at the Conference on Cybernetic Mod- 
elling of Adaptive Organisations, Oporto, 1973. 

[3] Lindblom, C.E., The Science of Muddling Through, P u b l i c  Ad- 
m i n i s t r a t i o n .  R e v . ,  2 (1959), 79. 

[4] Himatsingani, C., Approaches to Health and Personal Social 
Services Planning in the National Health Service and 
the Place of Health Indices, I n t e r n a t i o n a l  J o u r n a l  o f  
E p i d e m i o l o g y ,  No. 2 (1973). 

[51 Hockey, L., and A. Baltimore, C o o p e r a t i o n  i n  P a t i e n t  Care ,  
Queens Institute of District Nursing, London, 1970. 



Appendix: The In f  e r r e d  Worth Modelt 

DEFINITIONS 

i i s  a  c a t e g o r y  o f  p a t i e n t ;  

1 i s  a  mode o f  c a r e :  

k  is  a  r e s o u r c e ;  

xil 
i s  t h e  number o f  p a t i e n t s  i n  c a t e g o r y  i a l l o c a t e d  t o  mode 1; 

di  i s  t h e  number o f  p a t i e n t s  i n  c a t e g o r y  i t o  r e c e i v e  t r e a t m e n t ;  

Di is t h e  t o t a l  p o p u l a t i o n  of  p o t e n t i a l  p a t i e n t s  i n  c a t e g o r y  i; 

Ei i s  t h e  e l a s t i c i t y  o f  demand o f  p a t i e n t s  i n  c a t e g o r y  i w i t h  
r e s p e c t  t o  o p p o r t u n i t y  c o s t ;  

. i s  a  c o n s t a n t  ( t o  be de t e rmined )  ; 
1 

Ck i s  t h e  u n i t  c o s t  o f  r e s o u r c e  k;  

uilk i s  t h e  s t a n d a r d  (amount o f  r e s o u r c e  a l l o c a t e d )  f o r  r e s o u r c e  
k  used i n  mode 1 f o r  c a t e g o r y  i; 

Uilk i s . t h e  co r r e spond ing  i d e a l  s t a n d a r d ;  

Fik i s  t h e  e l a s t i c i t y  o f  t h e  a c t u a l  a l l o c a t i o n  of  r e s o u r c e  k  
t o  e ach  p a t i e n t  i n  c a t e g o r y  i w i t h  r e s p e c t  t o  t h e  oppor tu-  
n i t y  c o s t  o f  t h e  r e s o u r c e ;  

Bk i s  t h e  a v a i l a b i l i t y  o f  r e s o u r c e  k .  

HYPOTHESIS 

The s e r v i c e  w i l l  choose  t h e  d i ,  xil and uilk SO a s  t o  max- 

i m i z e  t h e  f o l l o w i n g  f u n c t i o n  ( t o t a l  n e t  i n f e r r e d  wor th)  

2 gi (di)  + 2 2 Z bilk (uilk) Xil - 2 2 2 Ckuilkxil I 

i i l k  i l k  

?A f u l l  a ccoun t  i s  g i v e n  i n  A.G. McDonald, e t  a l . ,  Balance o f  
Care:  Some Mathemat ica l  Models o f  t h e  N a t i o n a l  Hea l t h  S e r v i c e ,  
B r i t i s h  M e d i c a l  B u Z Z e t i n ,  30, 3 ( 1 9 7 4 ) .  



where 
1  /Ei 

Tr.D 
1 i ( l - l / E i )  g .  ( d . )  = 

1  - I / E ~  di 
f o r  Ei f 1  

1 1  

f o r  Ei = 1 

and 

'kUilk  { (k) ( ' - l iFik) - 
h i l k ( U i l k )  = 1  - l/Fik f o r  Fik f 1  

' i l k  

s u b j e c t  t o  t h e  c o n s t r a i n t s  

Z x .  - d i  = 0 f o r  a l l  i , 11 

Z Z uilkxil 5 Bk f o r  a l l  k  
i l 

f o r  Fik = 1  

and t o  a n y  bounds t h a t  a r e  s p e c i f i e d  on t h e  v a l u e  o f  d i t  xil  

and u .  l l k '  





Donald E.  Ye t t ,  e t  a l .  

INTRODUCTION 

Almost a  decade ago, a s  p a r t  of  t h e  P a r t n e r s h i p  f o r  Health 
Act (P.L. 89-749), t h e  U.S. Congress c a l l e d  f o r  t h e  e s t a b l i s h -  
ment of n a t i o n a l ,  r e g i o n a l ,  s t a t e ,  and l o c a l  Comprehensive Health 
Planning (CHP) Agencies. Unlike t h o s e  s e t  up t o  admin i s t e r  t h e  
Regional Medical Care Program f o r  p r o j e c t s  r e l a t i n g  t o  h e a r t  
d i s e a s e ,  s t r o k e  and cance r ,  t h e  CHP agenc ies  were charged w i t h  
t h e  r e s p o n s i b i l i t y  t o  s tudy and p lan  methods of  providing f o r  
a l l  a s p e c t s  of  h e a l t h  care- - inc luding p reven t ive ,  d i a g n o s t i c ,  
t h e r a p e u t i c ,  and r e h a b i l i t a t i v e  se rv ices - - fo r  t h e  e n t i r e  popu- 
l a t i o n  of  each l o c a l  a rea .  

The essence  of t h e  CHP program was its emphasis on s t a t e ,  
and more p a r t i c u l a r l y ,  on l o c a l  agencies ,  w i t h  broad-based par- 
t i c i p a t i o n  by consumers, p rov ide r s ,  and r e p r e s e n t a t i v e s  of  o t h e r  
vo lun ta ry  and governmental agenc ies  i n  t h e  process  of  s e t t i n g  
g o a l s  and s e l e c t i n g  p r o j e c t s  t o  meet s p e c i f i c  areawide needs. 
Although s t a t e  and areawide CHP agenc ies  (commonly r e f e r r e d  t o  
a s  "a" and "b" agencies ,  r e s p e c t i v e l y )  r ece ived  f e d e r a l  g r a n t s  
f o r  t r a i n i n g ,  demonstrat ion,  and r e s e a r c h  p r o j e c t s ,  f o r  t h e  most 
p a r t  t hey  had t o  r e l y  upon voluntary  coopera t ion  t o  improve co- 
o r d i n a t i o n  among t h e  va r ious  planning and s e r v i c e  agenc ies  i n  
each a r e a .  

Not s u r p r i s i n g l y ,  t h e  r e s u l t s  were mixed. Some CHP agenc ies  
served a s  l i t t l e  more than  forums f o r  deba t ing  t h e  i s s u e s  t h a t  
d iv ided  t h e  p a r t i c i p a n t s  and f o r  a l l o c a t i n g  f e d e r a l  g r a n t  funds 
among p r o j e c t s  backed by va r ious  c o n s t i t u e n c i e s .  Others took 
much more s e r i o u s l y  t h e i r  d u t i e s  t o  c e r t i f y  t h e  need and f e a s i -  
b i l i t y  of  c a p i t a l  expendi tures  on h e a l t h  f a c i l i t i e s  i n  excess  
o f  US $100,000, developing p lans  o r  g u i d e l i n e s  under which such 
expendi tures  would o r  would not  be approved. Some s t a t e s  even 
gave t o  t h e i r  CHP agenc ies  t h e  r e s p o n s i b i l i t i e s  of  approving 
311 major changes i n  h o s p i t a l  s e r v i c e s  and review of r a t e  in-  
Zreases. Nonetheless,  even i n  t h o s e  s t a t e s  where they  were most 
l c t i v e  and had t h e  g r e a t e s t  r e s p o n s i b i l i t i e s ,  CHP agenc ies  lack-  
ed t h e  a u t h o r i t y  t o  i n i t i a t e  l a r g e - s c a l e  programs t o  implement 

tThe model r epor t ed  on i n  t h i s  paper ,  t h e  HRRC Macroeconometric 
Heal th  Planning Model, was developed under a  c o n t r a c t  (HSM 110- 
69-1) wi th  t h e  U.S. Department of Health,  Education, and Welfare, 
Heal th  Se rv ices  Adminis t ra t ion .  



t h e i r  own p l ans .  They had t o  r e l y  p r i m a r i l y  on t h e  power t o  
deny permiss ion  f o r  changes t h a t  were i n c o n s i s t e n t  w i th  t h e  
a reawide  p l an .  

I n  1974, Congress passed t h e  Na t iona l  Heal th  Resources 
P lanning  and Development Act (P.L. 93-641) which w i l l  r e p l a c e  
both  t h e  p rev ious  CHP and Regional  Medical Care programs. Un- 
d e r  t h i s  program, a  system of  Heal th  S e r v i c e s  Agencies w i l l  be 
e s t a b l i s h e d  wi th  both  expanded r e g u l a t o r y  a u t h o r i t y ,  and, a t  
l e a s t  p o t e n t i a l l y ,  g r e a t e r  power t o  b r i n g  about  t h e  s t r u c t u r a l  
changes necessary  t o  implement areawide p l a n s  f o r  t h e  c o s t -  
e f f e c t i v e  p r o v i s i o n  of  comprehensive h e a l t h  c a r e  s e r v i c e s .  It 
is ,  of cou r se ,  much t o o  soon t o  judge what t h e  e f f e c t s  of  t h i s  
new l e g i s l a t i o n  w i l l  be when it has  been f u l l y  implemented. 

THE HRRC MACROECONOMETRIC HEALTH PLANNING MODEL 

The Human Resources Research Center  (HRRC) of t h e  Univer- 
s i t y  o f  Southern C a l i f o r n i a  has  undertaken t h e  s p e c i f i c a t i o n ,  
e s t i m a t i o n  and s imu la t ion  of a  macroeconometric model of t h e  
h e a l t h  c a r e  system.* The major purpose of t h i s  model is  t o  
p rov ide  s t a t e  and l o c a l  h e a l t h  p lanning  agenc i e s  w i t h  a  means 
of f o r e c a s t i n g  t h e  l i k e l y  e f f e c t s  of pursu ing  a l t e r n a t i v e  p o l i -  
c i e s ,  a s  w e l l  a s  t h e  cou r se  of  t r e n d s  t h a t  a r e  beyond t h e i r  con- 
t r o l .  It i s  ou r  hope t h a t  it w i l l  g a i n  wide acceptance  by plan-  
n e r s  f aced  wi th  t h e  i nc reased  r e s p o n s i b i l i t i e s  g iven  by Congress 
t o  t h e  new Heal th  S e r v i c e s  Agencies. Indeed,  it was s p e c i f i c a l -  
l y  des igned  wi th  t h a t  end i n  mind. 

The macro approach was chosen a s  t h e  proper  framework f o r  
ou r  s t a t e  and s u b s t a t e  econometr ic  h e i l t h  p lanning  model f o r  
s e v e r a l  reasons .**  F i r s t ,  it i s  r e l a t i v e l y  uncomplicated,  and 
hence a c c e s s i b l e  t o  p l a n n e r s  n o t  t r a i n e d  i n  econometr ics .  

*See [I  ,21 .  For  t h e  s p e c i f i c a t i o n  of ano the r  econometr ic  model 
of t h e  h e a l t h  c a r e  system s e e  [ 3 , 4 ] .  Econometric models t h a t  
d e a l  w i t h  c e r t a i n  ~ o r t i o n s  of t h e  h e a l t h  c a r e  system a r e  t h e  
F e l d s t e i n  model o f L  h o s p i t a l s  [5 ,6 ]  , and of  t h e  Medicare system 
[ 7 ] ,  and t h e  Fuchs and Kramer model of phys i c i an  s e r v i c e s  [81. 

**The HRRC Heal th  P lanning  Model is d e s c r i b e d  a s  a  macro-model 
because i t s  equa t ions  p r e d i c t  t h e  v a l u e s  of agg rega t e  v a r i a b l e s  
( e .g . ,  t h e  a g g r e g a t e  number of bed-days i n  shor t - te rm v o l u n t a r y  
and p r o p r i e t a r y  h o s p i t a l s ,  of beds i n  such h o s p i t a l s ,  of medi- 
c a l  s p e c i a l i s t s  i n  p r i v a t e  p r a c t i c e ,  e t c . ) .  T h i s  model should 
n o t  be  confused wi th  t h e  HRRC P ro to type  Microeconometric Model 
of  t h e  t o t a l  U.S. Hea l th  Care S e c t o r  which, even though i t s  p re s -  
e n t  v e r s i o n  i s  o n l y  a  p r e l i m i n a r y  p r o t o t y p e ,  is  c o n s i d e r a b l y  
l a r g e r  and more complex t h a n  t h e  macro-model desc i rbed  i n  t h i s  
paper .  Th i s  i s  because it d e a l s  e x p l i c i t l y  w i t h  t h e  behavior  
of  f i n e l y - p a r t i t i o n e d  c l a s s e s  o f  i n d i v i d u a l s  and i n s t i t u t i o n s .  
For  d i s c u s s i o n s  of t h e  micro-model s e e  [9 ,10 ] .  For ano the r  
mic ros imu la t ion  model of  t h e  U.S. h e a l t h  c a r e  system, s e e  [ I l l .  



Secondly, it i s  s u f f i c i e n t l y  d e t a i l e d  t o  be u s e f u l  t o  h e a l t h  
p o l i c y  makers, wi thout  inundat ing  them wi th  more o u t p u t  t h a n  
could  be d i g e s t e d  i n  t h e  pe r iod  a v a i l a b l e  f o r  d e c i s i o n  making. 
T h i r d l y ,  it can  be  implemented, a t  both t h e  s t a t e  and l o c a l  
l e v e l s ,  u s ing  a v a i l a b l e  d a t a .  Four th ly ,  it can  be r e a d i l y  
s imula ted  and,  a s  needed, a l t e r e d  t o  f i t  l o c a l  c i rcumstances .  

I t  should  be noted,  however, t h a t  t h e  f i r s t  two advantages 
o f  our  macro-model a r e ,  pa radox ica l ly ,  a l s o  i t s  weaknesses. Be- 
cause  it f o r e c a s t s  agg rega te  magnitudes d i r e c t l y ,  it s a c r i f i c e s  
t h e  d i s t r i b u t i o n a l  e f f e c t s  o f  p o l i c y  a c t i o n s  on c o n s t i t u e n t  sub- 
popu la t ions  ( e . g . ,  t h e  poor and e l d e r l y ) .  S i m i l a r l y ,  because 
it focuses  on a  l i m i t e d  number of  key r e l a t i o n s h i p s ,  it is  t o o  
c rude  t o  use  t o  f o r e c a s t  t h e  d e t a i l s  of complex programmatic 
changes.  Never the less ,  d e s p i t e  t h e s e  l i m i t a t i o n s ,  we f e e l  t h a t  
t h i s  model r e p r e s e n t s  a  r ea sonab le  compromise between i n t r i c a t e  
d e t a i l  and r e l a t i v e l y  uncomplicated a n a l y s i s  t h a t  should be 
h i g h l y  u s e f u l  t o  h e a l t h  p l anne r s ,  i nc lud ing  t h o s e  who w i l l  be 
charged wi th  t h e  r e s p o n s i b i l i t y  of  implementing P.L. 93-641 a t  
t h e  s t a t e  and l o c a l  l e v e l s .  

AN OVERVIEW OF THE MODEL 

The scope o f  t h e  HRRC macroeconometric h e a l t h  p lanning  model 
i s  t h e  e n t i r e  pefsonal  h e a l t h  c a r e  system, exc luding  mental  
h e a l t h  s e r v i c e s ,  drugs ,  and d e n t a l  c a r e .  More s p e c i f i c a l l y ,  it 
t r e a t s  t h e  fo l lowing  c a t e g o r i e s  of  h e a l t h  c a r e  i n s t i t u t i o n s  and 
manpower. 

I n p a t i e n t  s e r v i c e s  from: 

1 .  Voluntary and p r o p r i e t a r y  shor t - te rm h o s p i t a l s ;  

2 .  S t a t e  and l o c a l  governmental shor t - te rm h o s p i t a l s ;  

3. S k i l l e d  nu r s ing  homes. 

The endogenous v a r i a b l e s  f o r  each of t h e s e  i n p a t i e n t  i n s t i t u t i o n s  
a r e  t h e  number of  p a t i e n t  days u t i l i z e d  and t h e  number of  beds 
a v a i l a b l e .  I n  a d d i t i o n ,  t h e  model i nc ludes ,  a s  endogenous v a r i -  
a b l e s ,  t h e  d a i l y  s e r v i c e  charge  f o r  t h e  above 1  and 3  and occu- 
pancy r a t e s  f o r  t h e  above 1 ,2 ,  and 3 .  

The o u t p a t i e n t  i n s t i t u t i o n s  t r e a t e d  i n  t h e  model a r e :  

4. Ou tpa t i en t  c l i n i c s  o f  shor t - te rm vo lun ta ry  and 
p r o p r i e t a r y  h o s p i t a l s  ; 

5. Ou tpa t i en t  c l i n i c s  of  shor t - te rm s t a t e  and l o c a l  
governmental h o s p i t a l s ;  

6 .  O f f i c e s  of  medical  s p e c i a l i s t s  ( i nc lud ing  g e n e r a l  
p r a c t i t i o n e r s )  i n  p r i v a t e  p r a c t i c e ;  

7 .  O f f i c e s  of  s u r g i c a l  s p e c i a l i s t s  i n  p r i v a t e  p r a c t i c e .  



I n  a d d i t i o n  t o  t h e  number o f  p a t i e n t  v i s i t s  t o  e a c h  t y p e  o f  o u t -  
p a t i e n t  i n s t i t u t i o n ,  t h e  model a l s o  i n c l u d e s  a s  endogenous v a r i -  
a b l e s  t h e  p r i c e  p e r  v i s i t  f o r  t h e  above 4,  6 ,  and 7 .  

The c a t e g o r i e s  o f  h e a l t h  manpower t r e a t e d  i n  t h e  model a r e :  

8.  MD g e n e r a l  p r a c t i t i o n e r s  i n  p r i v a t e  p r a c t L c e ;  

9 .  MD m e d i c a l  s p e c i a l i s t s  i n  p r i v a t e  p r a c t i c e ;  

10. MD s u r g i c a l  s p e c i a l i s t s  i n  p r i v a t e  p r a c t i c e ;  

11. M D s  i n  o t h e r  s p e c i a l i t i e s  i n  p r i v a t e  p r a c t i c e ;  

12. P h y s i c i a n s  employed by h o s p i t a l s ;  

13.  H o s p i t a l  i n t e r n s  and r e s i d e n t s ;  

14. R e g i s t e r e d  n u r s e s ;  

15. P r a c t i c a l  n u r s e s ;  

16. A l l i e d  h e a l t h  p r o f e s s i o n a l s  and t e c h n i c i a n s ;  

17. Non-medical l a b o r  ( e . g . ,  housekeep ing ,  main tenance ,  
and c l e r i c a l ) .  

I n  a d d i t i o n  t o  t h e  number o f  s u c h  p e r s o n n e l  " a c t i v e "  o r  employed, 
t h e  model i n c l u d e s ,  a s  ,endogenous v a r i a b l e s ,  t h e  a n n u a l  wage f o r  
t h e  above 14 ,  15,  and  16. 

Demand and s u p p l y  e q u a t i o n s  y i e l d  f o r e c a s t s  o f  t h e  number 
o f  p a t i e n t  d a y s  and d a i l y  s e r v i c e  c h a r g e s  f o r  t h e  i n p a t i e n t  i n -  
s t i t u t i o n s ,  t h e  number o f  p a t i e n t  v i s i t s  and  p r i c e s  p e r  v i s i t  
f o r  t h e  o u t p a t i e n t  i n s t i t u t i o n s ,  and  t h e  number employed and t h e  
c o r r e s p o n d i n g  wage r a t e s  i n  t h e  v a r i o u s  c a t e g o r i e s  o f  h e a l t h  man- 
power. The h e a l t h  s e r v i c e  i n s t i t u t i o n s  and t h e  h e a l t h  manpower 
c a t e g o r i e s  a r e  l i n k e d  t h r o u g h  t h e  f a c t  t h a t  t h e  sum o f  t h e  quan- 
t i t i e s  o f  h e a l t h  s e r v i c e s  produced i s  used  i n  d e t e r m i n i n g  t h e  
demands f o r  e a c h  t y p e  o f  h e a l t h  manpower. 

DETAILED DESCRIPTION OF THE MODEL 

T a b l e  1  l i s t s  t h e  47 endogenous v a r i a b l e s  i n  t h e  model.  
The exogenous v a r i a b l e s  a r e  l i s t e d  i n  T a b l e s  2  and 3 .  T a b l e  3  
p r e s e n t s  s e p a r a t e l y  t h o s e  v a r i a b l e s  t h a t  a r e  i n c l u d e d  i n  t h e  
model p r i m a r i l y  t o  r e f l e c t  g e o g r a p h i c - s p e c i f i c  d i f f e r e n c e s  when 
it i s  a p p l i e d  t o  a  p a r t i c u l a r  s t a t e  o r  s u b s t a t e  a r e a .  

Most macroeconometr ic  models  a r e  e s t i m a t e d  u s i n g  l o n g i t u -  
d i n a l  d a t a  sets f o r  t h e  p a r t i c u l a r  g e o g r a p h i c  a r e a  o f  i n t e r e s t  
( e . g . ,  t h e  n a t i o n ,  a  s p e c i f i c  s t a t e ,  e t c . ) .  I n  t h i s  c a s e ,  how- 
e v e r ,  s u f f i c i e n t  d a t a  were n o t  a v a i l a b l e  t o  make t h a t  p o s s i b l e ,  
and i n  any c a s e ,  it would have been t o o  l a r g e  a n  u n d e r t a k i n g  t o  



e s t i m a t e  s e p a r a t e  models f o r  each s t a t e  and county o r  Standard 
Metropol i tan  S t a t i s t i c a l  Area (SMSA) i n  t h e  US. Therefore ,  t h e  
fo l lowing  s t r a t e g y  was adopted:  

- Est imate  a  "gene ra l i zed"  model u s ing  p r i m a r i l y  1970 
c r o s s  s e c t i o n a l  s t a t e  d a t a ;  

- S e t  t h e  i n i t i a l  va lues  o f  t h e  endogenous v a r i a b l e s  
equal  t o  t h e i r  1967 l e v e l s  f o r  t h e  S t a t e  of  C a l i f o r n i a  
and, us ing  r epor t ed  h i s t o r i c a l  f i g u r e s  on t h e  correspond- 
ing  exogenous v a r i a b l e s ,  t e s t  t h e  a b i l i t y  of  t h e  model 
t o  " fo recas t1 '  a c t u a l  expe r i ence  over  t h e  1968-1972 p e r i -  
od ; 

- S u b s t i t u t e  a l t e r n a t i v e  s p e c i f i c a t i o n s  of t h e  equa t ions  
f o r  any of t h e  endogenous v a r i a b l e s  whose h i s t o r i c a l  
v a l u e s  could  not  be " f o r e c a s t "  w i t h i n  a c c e p t a b l e  l i m i t s ;  

- Experiment w i t h  ad jus tmen t s  ( "add- fac to r s " )  t o  improve 
t h e  model ' s  a b i l i t y  t o  " t r a c k "  t h e  C a l i f o r n i a n  h i s t o r i -  
c a l  exper ience ;  

- Conduct s i m i l a r  s imu la t ion  exper iments ,  bu t  wi thout  any 
r e s p e c i f i c a t i o n s  of equa t ions  o r  add f a c t o r s ,  f o r  two 
a d d i t i o n a l  s t a t e s  (Pennsylvania and Louis iana)  and t h r e e  
SMSAs (San F ranc i sco ,  P i t t s b u r g h  and New Orleans)  t o  
de termine  how much " f ine - tun ing"  i s  l i k e l y  t o  be needed 
i n  o r d e r  t o  u se  t h e  g e n e r a l i z e d  model t o  make f o r e c a s t s  
and perform p o l i c y  s i m u l a t i o n s  f o r  s p e c i f i c  s t a t e s  and 
s u b s t a t e  a r e a s .  

Table  4 (Sec t ions  A through J) p r e s e n t s  t h e  f i n a l  es t imated  
equa t ions  of  t h e  model. Space does  no t  permi t  u s  t o  examine 
each of t h e s e  equa t ions  and t h e  r eason ing  behind t h e  s e l e c t i o n  
of t h e i r  exp lana to ry  v a r i a b l e s .  But, f o r  purposes of i l l u s t r a -  
t i o n ,  cons ide r  Equations (1 )  and ( 2 )  d e p i c t i n g  t h e  demand and 
supply  f o r  i n p a t i e n t  shor t - te rm h o s p i t a l  c a r e .  

I n  Equation ( 1  ) , t h e  number o f  p a t i e n t  days demanded from 
vo lun ta ry  and p r o p r i e t a r y  shor t - te rm h o s p i t a l s  i s  n e g a t i v e l y  
r e l a t e d  t o  t h e  p r i c e  of h o s p i t a l  c a r e  r e l a t i v e  t o  t h e  p r i c e  of 
o u t p a t i e n t  c a r e ,  p o s i t i v e l y  r e l a t e d  t o  t h e  pe rcen t  of  t h e  popu- 
l a t i o n  aged 6 5  and o v e r ,  p o s i t i v e l y  r e l a t e d  t o  per  c a p i t a  hos- 
p i t a l i z a t i o n  b e n e f i t s  r e l a t i v e  t o  t h e  p r i c e  of h o s p i t a l  c a r e  
and n e g a t i v e l y  r e l a t e d  t o  t h e  pe r  c a p i t a  u t i l i z a t i o n  of s h o r t -  
term governmental h o s p i t a l s .  

The supply o f  vo lun ta ry  and p r o p r i e t a r y  h o s p i t a l  c a r e  ( 2 )  
i s  so lved  f o r  t h e  p r i c e  of h o s p i t a l  c a r e ,  r a t h e r  t h a n  t h e  num- 
ber  of days  provided.  Th i s  i s  s t r i c t l y  a  m a t t e r  of convenience.  
It does  n o t  mean t h a t  t h e  p r i c e  of  h o s p i t a l  c a r e  i s  determined 
s o l e l y  by t h e  s o l u t i o n  of  Equation ( 2 ) .  Indeed,  it w i l l  be 
noted t h a t  t h e  p r i c e  of h o s p i t a l  c a r e  and t h e  number of p a t i e n t  
days  appear  i n  both  equa t ions  ( p a t i e n t  days  appear  v i a  t h e  



occupancy term i n  Equation ( 2 ) ) .  This  means t h a t  e s t i m a t i o n  of 
t h e  q u a n t i t y  and t h e  p r i c e  of  h o s p i t a l  c a r e  depends upon t h e  
j o i n t  s o l u t i o n  o f  both equat ions .  

Another p o i n t  i l l u s t r a t e d  by Equation ( 2 )  i s  t h a t  t h e  mod- 
e l  does n o t  assume each s e c t o r  w i l l  always be i n  equ i l ib r ium 
( t h a t  i s ,  t h a t  supply w i l l  always equal  demand). The f a c t  t h a t  
t h e  p r i c e  of h o s p i t a l  c a r e  i n  t h e  c u r r e n t  pe r iod  i s  dependent 
upon t h e  p r i c e  i n  t h e  previous  per iod  i n d i c a t e s  t h e r e  is a  l a g  
i n  t h e  adjus tment  processes  fo l lowing changes i n  e i t h e r  supply 
o r  demand. 

The remaining explanatory  v a r i a b l e s  i n  Equation (2)  show 
t h a t  t h e r e  i s  a  nega t ive  r e l a t i o n s h i p  between h o s p i t a l  p r i c e s  
and occupancy r a t e s ,  and p o s i t i v e  r e l a t i o n s  between h o s p i t a l  
p r i c e  and t h e  average h o s p i t a l  wage, number of personnel  p e r  
bed, and t h e  v a l u e  of  a s s e t s  p e r  bed. The i n f l u e n c e  of bed 
c a p a c i t y  on h o s p i t a l  p r i c e s  i s  introduced v i a  t h e  nega t ive  re- 
l a t i o n  of  p r i c e s  t o  t h e  occupancy r a t e .  Hosp i t a l  c a p a c i t y  it- 
s e l f  i s  determined by t h e  c u r r e n t  number of  p a t i e n t  days i n  r e -  
l a t i o n  t o  t h e  number o f  beds i n  t h e  previous  per iod  and t h e  
amount of f e d e r a l  h o s p i t a l  c o n s t r u c t i o n  (Hil l-Burton) funds 
awarded two p e r i o d s  e a r l i e r - - i n d i c a t i n g ,  n o t  very  s u r p r i s i n g l y ,  
a  s u b s t a n t i a l  l a g  i n  t h e  complet ion of t h e  adjus tment  process  
l ead ing  t o  a  new l e v e l  of  h o s p i t a l  c a p a c i t y .  

The equat ions  r e s u l t i n g  from t h e  e s t i m a t i o n  s t e p  of ou r  
methodology s a t i s f i e d  such c r i t e r i a  a s  having t h e o r e t i c a l l y  
" c o r r e c t "  s i g n s ,  s i g n i f i c a n t  t -va lues ,  h igh  R squa res ,  and r ea -  
sonably smal l  s t anda rd  e r r o r s  of r eg res s ion - - ind ica t ing  t h a t  t h e  
model provides  a  good "explanat ion"  of  t h e  v a r i a t i o n  among s t a t e s  
i n  i t s  endogenous v a r i a b l e s  f o r  1970. It remained t o  be seen 
whether t h e  model would do w e l l  when it was used t o  " p r e d i c t "  
h i s t o r i c a l  exper ience  f o r  a  s p e c i f i c  s t a t e  over  time. That  i s ,  
an  impor tant  s t e p  i n  t h e  model-building process  was " t r ack ing"  
i t s  performance f o r  C a l i f o r n i a  over  t h e  per iod  1968-1972. The 
f i n a l  equa t ions  shown i n  Table 4 a r e  those  which passed both  
t e s t s - - t h a t  i s ,  they  gave good f i t s  i n  t h e  1970 c r o s s - s e c t i o n a l  
a n a l y s i s  and they  exh ib i t ed  good f o r e c a s t i n g  c a p a b i l i t y  when 
s c a l e d  and simulated f o r  a  p a r t i c u l a r  s t a t e  over  t ime.  

Tables  5 and 6  g i v e  t h e  f i n a l  r e s u l t s  of t h i s  p rocess  of 
t e s t i n g  t h e  s imula t ion  p r o p e r t i e s  of a l t e r n a t i v e  c r o s s - s e c t i o n a l  
s p e c i f i c a t i o n s  of t h e  model. Table 5 shows t h e  r e s u l t s  ob ta ined  
when each equat ion  i s  solved i n  i s o l a t i o n  from t h e  rest of  t h e  
model. I n  t h e  c a s e  o f  t h e  i d e n t i t i e s  (sums and r a t i o s  of  o t h e r  
endogenous v a r i a b l e s )  t h e  r e l a t i o n s h i p s  hold e x a c t l y  so t h e r e  
i s  no d i f f e r e n c e  between t h e  " h i s t o r i c a l "  and "simulated" va lues '  
shown on t h e  t a b l e .  Also,  it is  l i k e l y  t h a t  some of t h e  "h i s -  
t o r i c a l "  d a t a  a r e  s u b j e c t  t o  d e f i n i t i o n a l  d i f f e r e n c e s  and mea- 
surement e r r o r s ,  b u t  it i s  imposs ib le  t o  say t o  what extent - -  
i f  any--the r e s u l t s  would appear t o  be  b e t t e r  i f  t h i s  were not  
t h e  case .  ( P a r e n t h e t i c a l l y ,  t h e  l a c k  of comparabi l i ty  of  t h e  
nu r s ing  home d a t a  over  t ime was s o  g r e a t  t h a t  " h i s t o r i c a l "  
v a l u e s  a r e  g iven f o r  only  one year  .) 



It  i s  apparent  from Table  5 t h a t  most of t h e  equa t ions  i n  
t h e  model t r a c k  t h e  C a l i f o r n i a  exper ience  q u i t e  c l o s e l y .  More- 
o v e r ,  t h e  s imula ted  v a l u e s  do n o t  d i v e r g e  from t h e  " h i s t o r i c a l "  
d a t a  over  t ime.  But, a l though t h e  f i t  of  t h e  i n d i v i d u a l  equa- 
t i o n s  by themselves i s  of  i n t e r e s t ,  t h e  a b i l i t y  of t h e  e n t i r e  
model t o  r e p l i c a t e  h i s t o r i c a l  d a t a  i s  of g r e a t e r  importance.  

Tab le  6 p r e s e n t s  a  dynamic s imula t ion  of  t h e  complete model 
ove r  t h e  same per iod .  S ince  t h e  equa t ions  a r e  so lved  s imul ta-  
neous ly ,  t h e s e  r e s u l t s  i n c l u d e  t h e  e f f e c t s  of a l l  i n t e r a c t i o n s  
and l i nkages .  Furthermore,  t h e  s o l u t i o n  v a l u e s  a r e  used f o r  
t h e  lagged endogenous v a r i a b l e s  i n  subsequent  y e a r s .  While t h e  
s i m u l a t i o n  r e s u l t s  i n  Table 6 d i f f e r  from t h o s e  presented  i n  
Table  5,  t h e  f i t  of t h e  equa t ions  t o  t h e  h i s t o r i c a l  d a t a  is  
roughly s i m i l a r .  I n  some i n s t a n c e s  t h e  correspondence i s  no t  
a s  c l o s e  ( e . g . ,  t h e  p r i c e  of  h o s p i t a l  c a r e ) ,  b u t  i n  o t h e r s  t h e  
f i t  i s  improved (e .g . ,  t h e  number of h o s p i t a l  i n p a t i e n t  d a y s ) .  

For f i v e  of t h e  endogenous v a r i a b l e s  ( t h e  p r i c e  of  hos- 
p i t a l  c a r e ,  t h e  number of "o the r "  medical  s p e c i a l i s t s  and t h e  
wages of  nu r ses ,  a l l i e d  h e a l t h  p r o f e s s i o n a l s ,  and p r a c t i c a l  
n u r s e s ) ,  we experimented wi th  t h e  i n t r o d u c t i o n  of add f a c t o r s  
t o  compensate f o r  t h e  t r e n d  which would have been observed i f  
t i m e - s e r i e s  d a t a  had been a v a i l a b l e  f o r  d i r e c t  e s t i m a t i o n .  In  
each c a s e ,  t h e  d i f f e r e n c e  between t h e  h i s t o r i c a l  and s imula ted  
v a l u e s  was narrowed, w i th  ve ry  l i t t l e  adve r se  feedback on t h e  
s o l u t i o n s  of t h e  o t h e r  equa t ions  o f  t h e  model. 

Exac t ly  t h e  same process--minus t h e  t r e n d  adjus tment  s tep- -  
was performed f o r  two a d d i t i o n a l  s t a t e s  and t h r e e  SMSAs (Penn- 
s y l v a n i a ,  Louis iana ,  San F ranc i sco ,  P i t t s b u r g h  and New O r l e a n s ) .  
The model d i d  n o t  perform a s  w e l l  i n  t h e s e  tests a s  it d i d  f o r  
C a l i f o r n i a ,  b u t  t h a t  was t o  be expected s i n c e  an  impor tant  
s t e p  i n  s e l e c t i n g  t h e  f i n a l  s e t  of e s t ima ted  equa t ions  had been 
checking t h e i r  a b i l i t y  t o  t r a c k  t h e  h i s t o r i c a l  d a t a  f o r  C a l i f o r -  
n i a .  However, t h e  most impor tant  p o i n t  i s  t h a t  t h e  model per -  
formed we l l  f o r  t h e  overwhelming m a j o r i t y  of t h e  equa t ions  t e s t -  
ed; g iven  t h e  success  a t t a i n e d  by f ine - tun ing  it f o r  C a l i f o r n i a ,  
it i s  q u i t e  l i k e l y  t h a t  i n  t h e  f u t u r e  a c c e p t a b l e  l e v e l s  of  per-  
formance can  be  ob ta ined  i n  most ( i f  n o t  a l l )  s t a t e s  and sub- 
s t a t e  a r e a s  wi thout  r e s p e c i f y i n g  and r e e s t i m a t i n g  t h e  model f o r  
each one s e p a r a t e l y .  

EXPERIMENTS PERFORMED USING THE ESTIMATED MODEL 

Tables  7  and 8  i l l u s t r a t e  some of  t h e  ways i n  which t h e  
model can  be used t o  f o r e c a s t  both  t h e  d i r e c t  and i n d i r e c t  e f -  
f e c t s  of  p o l i c y  d e c i s i o n s .  I n  both  c a s e s ,  t h e  b a s e l i n e  s imula-  
t i o n  was performed on t h e  .assumption t h a t  r e c e n t  t r e n d s  f o r  each 
of  t h e  exogenous v a r i a b l e s  would con t inue  t o  1980. The "exper i -  
ment" r e p o r t e d  i n  Table  7  involved assuming t h a t  through c e r t i f -  
icate-of-need r e g u l a t i o n s  t h e  r a t i o  of t o t a l  h o s p i t a l  beds pe r  
c a p i t a  i n  C a l i f o r n i a  would be he ld  c o n s t a n t  a t  t h e  1972 l e v e l  



( t h a t  is ,  would grow i n  d i r e c t  p r o p o r t i o n  t o  p o p u l a t i o n ) .  For  
t h e  "experiment"  r e p o r t e d  i n  Table  8 ,  it was assumed t h a t  v a r i -  
ous  programs t o  r e d i s t r i b u t e  p h y s i c i a n s  t o  " sho r t age"  a r e a s  of 
t h e  c o u n t r y  ( e . g . ,  medica l  s t u d e n t  l o a n  r e m i s s i o n ,  e tc . )  would 
c a u s e  t h e  number o f  medica l ,  s u r g i c a l  and o t h e r  s p e c i a l i s t s  t o  
f a l l  one  p e r c e n t  below t h e  b a s e l i n e  s i m u l a t i o n  f o r  C a l i f o r n i a  
(GPs were l e f t  unchanged) .  The n e t  e f f e c t  was t o  reduce  t h e  
p r o j e c t e d  number o f  p h y s i c i a n  i n -mig ran t s  by between 200 and 
300 p e r  year--or  somewhat less t h a n  one -qua r t e r  o f  t h e  p r o j e c t e d  
i n -mig ra t i on .  

I n  t h e  f i r s t  experiment  (Table  7), s i n c e  h o s p i t a l  beds  i n -  
c r e a s e  less r a p i d l y  t h a n  u t i l i z a t i o n ,  t h e  ave rage  occupancy r a t e  
rises i n  comparison w i th  t h e  b a s e l i n e  p r o j e c t i o n .  Th i s ,  i n  t u r n ,  
l e a d s  t o  some d i f f e r e n c e s  i n  t h e  f o r e c a s t  p r i c e s  of  h e a l t h  ser- 
v i c e s  and wage r a t e s  f o r  t h e  v a r i o u s  c a t e g o r i e s  of  h e a l t h  man- 
power. There i s  a l s o  a modest i n c r e a s e  i n  o u t p a t i e n t  v i s i t s ,  
s i n c e  t h e  model p e r m i t s  some s u b s t i t u t a b i l i t y  of  o u t p a t i e n t  f o r  
i n p a t i e n t  c a r e .  The e f f e c t  on t h e  p r o j e c t e d  v a l u e s  of t h e  o t h e r  
endogenous v a r i a b l e s  i n  t h e  model i s  v e r y  minor .  

I n  t h e  second experiment  (Table  8 ) ,  t h e  main impacts  of re- 
duc ing  t h e  f low of  newly t r a i n e d  p h y s i c i a n s  t o  C a l i f o r n i a  is 
f o r e c a s t  t o  be  a s l i g h t  d e c l i n e  i n  t h e  number of v i s i t s  t o  s u r -  
g i c a l  s p e c i a l i s t s  and a co r r e spond ing  i n c r e a s e  i n  t h e  number o f  
v i s i t s  t o  GPs. The s m a l l e r  p r o j e c t e d  number o f  s u r g i c a l  spe-  
c i a l i s t s  i s  a s s o c i a t e d  w i t h  a somewhat s m a l l e r  f o r e c a s t  number 
of i n t e r n s  and r e s i d e n t s  ( e s p e c i a l l y  domes t ic  g r a d u a t e s ) .  There  
a r e  v i r t u a l l y  no e f f e c t s  on t h e  o t h e r  endogenous v a r i a b l e s  of  
t h e  model. 

Two p o i n t s  should  be emphasized w i t h  r e g a r d  t o  t h e s e  exper-  
imen t s .  F i r s t ,  t h e  assumed changes  w e r e  r a t h e r  s m a l l  and of 
l i m i t e d  d u r a t i o n ,  l e a d i n g  t o  co r r e spond ing ly  sma l l  changes  i n  
t h e  v a l u e s  o f  t h e  endogenous v a r i a b l e s .  Larger  and more long-  
l a s t i n g  changes  would c e r t a i n l y  have shown more s i z e a b l e  conse-  
quences.  Second, t h e  d i r e c t  e f f e c t s  o f  b o t h  exper iments  were,  
t o  some e x t e n t ,  p a r t i a l l y  o f f s e t  by secondary  e f f e c t s  e l sewhere  
i n  t h e  model ( e . g . ,  t h e  i n c r e a s e d  occupancy r a t e s  i n  t h e  f i r s t  
exper iment  and  t h e  i n c r e a s e d  u t i l i z a t i o n  of g e n e r a l  p r a c t i t i o n e r s  
i n  t h e  second exper iment ) .  The e x i s t e n c e  of  such  o f f s e t t i n g  
secondary  e f f e c t s  r e i n f o r c e s  t h e  impor tance  of f o r e c a s t i n g  t h e  
secondary  a s  w e l l  a s  t h e  pr imary  e f f e c t s  o f  p o l i c y  changes.  
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TABLE 1 

ENDOGENOUS VARIABLES OF THE MODEL 

A .  H o s p i t a l  I n p a t i e n t  Care 

PD-P 

P-HP 

OCCP 

BEDP 

PD-G 

OCCG 

BEDG 

PDSH 

BEDH 

PDNH 

P-NH 

OCCN 

BEDN 

annual number o f  i n p a t i e n t  days p r o v i d e d  by  s h o r t - t e r m  
v o l u n t a r y  and p r o p r k t a r y  (STVP) h o s p i t a l s  (mi I l i o n s )  

average d a i l y  s e r v i c e  cha rge  i n  STVP h o s p i t a l s  ( d o l l a r s )  

-average occupancy r a t e  i n  STVP h o s p i t a l  s  ( ~ e r c e n t )  

number o f  beds i n  STVP h o s p i t a l s  ( thousands)  

annual number o f  i n p a t i e n t  days p r o v i d e d  by s h o r t - t e r m  s t a t e  
and l o c a l  governmental  (STSLG) hosp i  t a l  s  (mi l l i o n s )  

average occupancy r a t e  i n  STSLG h o s p i t a l s  (pe rcen t )  

number o f  beds i n  STSLG h o s p i t a l s  ( thousands)  

annual number o f  i n p a t i e n t  days p r o v i d e d  b y  f e d e r a l  and 
n c n - f e d e r a l  s h o r t - t e r m  genera l  h o s p i t a l s  (mi 1 l i o n s )  

number o f  beds i n  f e d e r a l  and n o n - f e d e r a l  s h o r t - t e r n  g e n e r a l  
h o s p i t a l s  ( thousands) 

B. S k i l l e d  N u r s i n g  Homes 

annual number o f  p a t i e n t  days p r o v i d e d  by s k i l l e d  n u r s i n g  
homes (mi l l i o n s )  

ave rage  charges p e r  p a t i e n t  day i n  s k i  l l e d  n u r s i n g  homes 
(do1 l a r s )  

occupancy r a t e  o f  s k i  1  l e d  n u r s i n g  homes ( p e r c e n t )  

nunber o f  beds i n  s k i l l z d  n u r s i n g  hones ( t h o u s a n i s )  



TABLE 1 Continued 

C .  Hosp i ta l  Ou tpa t ien t  C l i n i c s  

OPVP 

OPVG 

OPVN 

P-OP 

OVSH 

PVGM 

P-GM 

PVSS 

P-ss 

annual number o f  o u t p a t i e n t  v i s i t s  t o  STVP h o s p i t a l s  ( m i l  1  ions)  

annual number o f  o u t p a t i e n t  v i s i t s  t o  STSLG h o s p i t a l s  (mi 1  l i o n s )  

annual number o f  t o t a l  v i s i t s  t o  h o s p i t a l  o u t p a t i e n t  c l i n i c s  a t  
non- federa l  h o s p i t a l s  (mi l l ions)  

average revenue per o u t p a t i e n t  v i s i t  a t  STVP h o s p i t a l s  (do1 l a r s )  

annual number o f  o u t p a t i e n t  v i s i t s  a t  f e d e r a l  and non- federa l  
shor t - te rm genera l  h o s p i t a l s  (mi l  l i o n s )  

D. O f f  i ces  o f  P r i v a t e  P r a c t i c e  MDs 

annual nunber o f  p a t i e n t  v i s i t s  t o  genera l  p r a c t i t i o n e r s  and 
medica l  spec ia l  i s t s  i n  p r i v a t e  p r a c t i c e  (m i l  l i o n s )  

p r i c e  per v i s i t  t o  general p r a c t i t i o n e r s  and medica l  s p e c i a l i s t s  
( r o u t i n e  f o l l o w u p  v i s i t )  ( d o l l a r s )  

annual number o f  p a t i e n t  v i s i t s  t o  s u r g i c a l  s p e c i a l ' i s t s  i n  
p r i v a t e  p r a c t i c e  (thousands) 

p r i c e  per  v i s i t  t o  s u r g i c a l  spec ia l  i s t  (appendectomy f o r  
general surgeons) (do1 l a r s )  

E. Phys ic ians i n  P r i v a t e  P r a c t i c e  

number o f  general p r a c t i t i o n e r s  i n  p r i v a t e  p r a c t i c e  (thousands) 

number o f  medical spec ia l  i s t s  i n  p r i v a t e  p r a c t i c e  (thousands) 

number o f  genera l  p r a c t i t i o n e r s  and medical s p e c i a l i s t s  i n  
p r i v a t e  p r a c t i c e  (thousands) 

number of surg ica!  s p e c i a l i s t s  i n  p r i v a t e  p r a c t i c e  (thousaj-cis) 

number o f  o t h e r  spec ia l  i s  t s  i n  p r i v a t e  p r a c t i c e  (thousands) 

t o t a l  p r i v a t e  p r a c t i c e  phys ic ians  (thousands) 



TABLE 1 Continued 

OHMD 

l RDG 

l RFG 

l NRE 

MDHP 

RNFT 

RNPT 

E-PN 

PNFT 

PNPT 

W-PN 

F. Physic ians Employed by H o s p i t a l s  

number o f  phys ic ians  (non-student) employed by h o s p i t a l s  
(thousands) 

number o f  i n t e r n s h i p s  and res idenc ies  o f f e r e d  by h o s p i t a l s  
(thousands) 

number o f  i n t e r n s  and r e s i d e n t s  (u. S .  medical school graduates)  
employed by h o s p i t a l s  (thousands) 

number o f  i n t e r n s  and r e s i d e n t s  ( f o r e i g n  medical school 
graduates) employed by h o s p i t a l s  (thousands) 

t o t a l  i n t e r n s  and r e s i d e n t s  employed (thousands) 

t o t a l  phys ic ians  employed by h o s p i t a l s  [thousands) 

G.  Reais tered Nurses 

nunber o f  f u l l - t i n e  e q u i v a l e n t  RNs employed by h e a l t h  s e r v i c e  
i n s t i t u t i o n s  (thousands) 

annual wage p a i d  t o  genera l  du ty  h o s p i t a l  RNs (thousands o f  
do1 l a r s )  

nunber o f  RNs employed f u l l  t ime  (thousands) 

number o f  RNs employed p a r t  t ime  (thousands) 

H. P r a c t i c a l  Nurses 

number o f  f u l l - t i m e  e q u i v a l e n t  p r a c t i c a l  nurses employed by 
h e a l t h  s e r v i c e  i n s t i t u t i o n s  (thousands) 

number o f  ~ r a c t i c a l  nurses employed f u l l  t i m z  (thousands) 

number 9: p r a c t i c - l  nurses employed p a r t  t i n -  (thous3nds) 

annuzl eage p a i d  t o  ~ r a c t i c a l  nurses (thousands o f  l o 1  l a r s )  



TABLE 1 Continued 

I .  Allied Health Professionals 

E-AH 

W-AH 

AHFT 

AHPT 

number of full-time equivalent allied health professionals 
employed by health service institutions (thousands) 

annual wage paid to allied health professionals (thousands of 
do1 lars) 

number of allied health professionals employed full time 
(thousands) 

number of allied health professionals employed part time 
(thousands) 

J . Non-Med i ca l Personnel 

E-NM number of non-medical personnel employed by health service 
institutions (thousands) 



TABLE 2 

EXOGENOUS VARIABLES O F  THE MODEL 

POP t o t a l  p o p u l a t i o n  ( m i l l  i ons )  

Y annual per c a p i t a  income (thousands o f  do1 l a r s )  

ENRH p r o p o r t i o n  o f  the p o p u l a t i o n  e n r o l l e d  i n  p r i v a t e  h o s p i t a l  
insurance p lans (percen t )  

ENRP p r o p o r t i o n  o f  the  p o p u l a t i o n  e n r o l l e d  i n  p r i v a t e  h e a l t h  
insurance p lans  w i t h  coverage f o r  r e g u l a r  medical insurance 
(percent  ) 

ENRS p r o p o r t i o n  o f  t h e  p o p u l a t i o n  e n r o l l e d  i n  p r i v a t e  h e a l t h  
insurance w i t h  s u r g i c a l  expense coverage (percent)  

l BEP annual insurance b e n e f i t s  p a i d  by p r i v a t e  h e a l t h  insurance 
p lans  per c a p i t a  ( d o l l a r s )  

MCDH Medica id expendi tures f o r  h o s p i t a l  s e r v i c e s  per c a p i t a  
(do1 l a r s )  

MCDN Hed ica id  expendi tures f o r  nu rs ing  home s e r v i c e s  per  person 
a g d  6.5 and over  (do1 l a r s )  

MCDP Hed ica id  expendi tures f o r  phys ic ians  se rv ices  per c a p i t a  
(do1 l a r s )  

%OLD p r o p o r t i o n  o f  t h e  p o p u l a t i o n  age 6.5 and over  (percent)  

MCRH annual amount reimbursed per  Medicare e n r o l l e e  f o r  h o s p i t a l  
se rv ices  (do1 l a r s )  

MCRN annual amount reimbursed per Medicare e n r o l l e e  f o r  se rv ices  
i n  extended care  o r  s k i l l e d  nurs ing  f a c i l i t i e s  ( d o l l a r s )  

HCRP annual amount reimbursed f o r  p h y s i c i a n ' s  s e r v i c e s  per 
Medicare enro l  l e e  (do1 l a r s )  

PD-F annual number o f  pat ient -days prov ided by shor t - te rm Cerieral 
h o s p i t a l s  (mi 1  l ions)  

BEDF number o f  beds i n  shor t - te rm federa l  hospi  t 2 !  5 (thousands) 

EMBD number o f  personnel per bed i n  v o l u n t a r y  and p r o p r i e t a r y  
h o s p i t a l s  



TABLE 2 Cont inued 

KPBD v a l u e  o f  p l a n t  a s s e t s  p e r  bed i n  s h o r t - t e r m  v o l u n t a r y  and 
p r o p r i e t a r y  h o s p i t a l s  ( thousands o f  do1 l a r s )  

OPVF annual  number o f  o u t p a t i e n t  v i s i t s  p r o v i d e d  by f e d e r a l  
h o s p i t a l s  ( m i l l i o n s )  

W- NM average annual  wage per  n o n m e d i c a l  h o s p i t a l  employee 
( thousands o f  do1 l a r s )  

ADBD annual  admiss ions per  bed i n  s h o r t - t e r m  v o l u n t a r y  and 
p r o p r i e t a r y  h o s p i t a l s  

HBFF H i  11-Bur ton funds  f o r  h o s p i t a l  c o n s t r u c t i o n  (mi I 1  i ons  o f  
do1 l a r s )  

GRAD annual number o f  med ica l  school  g radua tes  ( thousands)  

SKRN s t o c k  o f  r e g i s t e r e d  nu rses  ( thousands) 

SKAH s t o c k  o f  a l l  i e d  h e a l t h  p r o f e s s i o n a l s  ( thousands)  

SKPN s t o c k  o f  p r a c t i c a l  nurses ( thousands) 

TBEN t o t a l  b e n e f i t s  p a i d  by p r i v a t e  and p u b l i c  i n s u r a n c e  programs 
p e r  c a p i t a  (do1 l a r s )  

HBEN b e n e f i t s  p e r  c a p i t a  f o r  h o s p i t a l  < a r e  p a i d  by p r i v a t e  and 
pub1 i c  i nsu rance  programs (do1 l a r s )  

DBEN b e n e f i t s  p e r  c a p i t a  f o r  p h y s i c i a n s  s e r v i c e s  p a i d  by  p r i v a t e  
and pub1 i c  i nsu rance  programs (do1 l a r s )  

CP I Consumer P r i c e  Index f o r  a l  l goods and s e r v i c e s  (1967 = 1 .0) 

TIME t i m e  t r e n d  (1960 = 1.0) 



T A B L E  3  

PDGA 

PDPA 

AGED 

EBNH 

HRGM 

L V S S  

RHOS 

THRT 

RAG l 

RAG 2 

% FEM 

'AG I 

'AG 2 

'FJBK 

'NSP 

STANDARD l Z l  NG VAR'I ABLES OF T H E  I IODEL 

weighted average o f  i n p a t i e n t  days p rov ided  by shor t - te rm 
s t a t e  and l o c a l  governmental h o s p i t a l s  (days per  thousand 
p o p u l a t i o n )  

weighted average o f  i n p a t i e n t  days prov ided by shor t - te rm 
v o l u n t a r y  and p r o p r i e t a r y  h o s p i t a l s  (days per  thousand 
p o p u l a t i o n )  

p r o p o r t i o n  o f  long-term care  beds i n  c h r o n i c  d isease 
hospi t a  I s  (percen t )  

p r o p o r t i o n  o f  popu la t ion  age 65 and over  who a r e  a t  l e a s t  
age 75 (percen t )  

f u l l - t i m e  equ iva len t  employees per  bed i n  s k i l l e d  nurs ing  
homes 

average hours per week devoted t o  medical p r a c t i c e  by general 
p r a c t i t i o n e r s  and medical s p e c i a l i s t s  (hours per  doc to r )  

average l e n g t h  o f  v i s i t  t o  s u r g i c a l  s p e c i a l i s t s ,  computed as 
t h e  r a t i o  o f  weekly hours t o  weekly v i s i t s  (minutes) 

p r o p o r t i o n  o f  employed RNs who work i n  h o s p i t a l s  ( f r a c t i o n )  

p r o p o r t i o n  o f  a l l i e d  h e a l t h  p r o f e s s i o n a l s  who a r e  t h e r a p i s t s  
( f r a c t i o n )  

p r o p o r t i o n  o f  RNs who a r e  age 25-29 ( f r a c t i o n )  

p r o p o r t i o n  o f  RNs who a r e  a t  l e a s t  age 39 ( f r a c t i o n )  

p r o p o r t i o n  o f  a l l i e d  h e a l t h  p r o f e s s i o n a l s  who a r e  female 
( f r a c t i o n )  

p r o p o r t i o n  o f  a l l i e d  h e a l t h  p r o f e s s i o n a l s  who a r e  d i e t i t i a n s  
( f r a c t i o n )  

p r o p o r t i o n  o f  p r a c t i c a l  nurses who a r e  age 25-29 ( f r a c t i o n )  

p r o p o r t i o n  o f  p r a c t i c a l  nurses who a r e  sge 55-59 ( f r a c t i o n )  

p ropor t  i o n  o f  p r a c t i c a l  nurses v~ho a r e  b l a c k  ( f r a c t i o n )  

p r o p o r t i o n  o f  p r a c t i r a l  nurses who a r e  Spanish su:nan,e 
( f r a c t i o n )  



TABLE 4 

ESTIMATED EQUATIONS OF THE MODEL 

A. Hosp l ta l  Inpat len t  Care 

- 0.9308 PDGA + 317.3782 . 
(-9.32) 

R2 - .81 

S.E. 1 119.4853 

(2) P-HP - 0.8971 P-HPt-l - 0.1418 OCCP 
(22.40) (2.04) 

+ 2.1657 (.25 '.I-RN + .07 W-AH 
(3.48) 

+ . I 3  U-PN + .55 U-NM) 

+ 7.0271 EMDD + 0.0525 KPBD 
(4.05) (0.56) 

S.E. 1 3.4737 

(3) OCCP 1 PO-P 
0.00365 BEDP 

ti2 - .99 

S.E. 10.1092 



TABLE 4 Contlnued 

Hospltal Inpatient Care (Contlnued) 

- 0.0634 PDPA + 614.8633 . 
(-7.06) 

S.E. - 0.0605 

(8) PDSH = PD-P + PD-G + PD-F . 

(9) BEDH - BEDP + BEN + BEDF . 



TABLE 4 Con t l nued 

ESTIHATED EQUATIONS OF THE MODEL 

B. S k i l l e d  Nurs lnq Homes 

0.6486 AGED - 8.0106 . 
(4.68) 

i?' = .69 

S.E. - 2.3235 

(1 1) P-NH - - 0.0969 OCCH + 6.821 1 EBNH 
(-2.23) (3.28) 

+ 1.6901 (0.077 W-RN + 0.105 W-AH 
(6.25) 

S.E. - 1.0686 

(12) OCCN - PONH 
0.00365 BEDN 

(I)) B E D N ~  0.0975 BEDNZ-~  + 2.72L PDNH' 
(1.76) (21.65) 

+ 1.1956 . - 
R' = .99 

S.E. = 1.6694 



TABLE 4 Cant lnued 

ESTIMATED EQUATIONS OF THE MODEL 

C .  Hospltal Outpatient Cllnlcs 

A2 0 .92 

S.E. - 0.0597 

S.E. - 0.0190 

(16) OPVN 0 OPVP + OPVG 

S . E .  0 1.9667 

(18) OVSH 0 OPV'I + OPVF 



TABLE 4 Contlnued 

ESTIMTED EQUATIONS OF THE MODEL 

D. Offlccs o f  Private Practlce HDs 

(19) PVGH*- - 0.3420 P-GH + 0.0170 P-SS 
(-2.30) (3.57) 

R' .60 

S.E. = 0.2691 

(20) P-GH = - 0.0844 HUGH 
(-2.88) 

(21) P V S S " ~  - 0.001 1 P-SS + 0.1850 P-GH 
(-.58) (3.32) 

+ 0.0156 DBEN - 0.0266 LVSS 
(2.08) (-2.89) 

S.E. = 0.1718 



TABLE 4 Contlnued 

0. Offices o f  Private Practlct  HDs (Ccmtlnued) 

(22) P-SS = 0.8477 LVSS 
(1.01) 

+ .05 W-PN + . 3 l  !I-NM) 



TABLE 4 Con t lnued 

EST1 HATED EQUATIONS OF THE MODEL 

E .  Physlclans I n  Private Practlce 

(23) #GPP*= 1.01 34 # G P P ~ - ,  - 0.0001 P-GM 
(56.82) (-.07) 

S.E. - 0.0044 

S.E. - 0.0034 

(25) PGPHS - #GPP + YnsP . 



TABLE 4 Cont lnwd 

E. Physlc lans  In Pr ivate  P r a c t l c e  (Contlnwd) 

S . E .  - 0.0052 



TABLE 4 Continued 

ESTIMATED EQUATIONS OF THE HODEL 

-- - 

F. Physlclans Employed by Hospltals 

S.E. = 0.03414 

?i2 = .32 

S.E. = 0.10644 

i i 2  = .63 

S.E. = 0.0994 

i2 .99 

S.E. - 0.0069 

(33) INRE = l RDC + 1 RFG . 

(34) MDHP - OHHD + INRE . 



TABLE 4 Con t t nued 

ESTIMATED EQUATIONS OF THE MODEL 

G .  Registered Nurses 

- 

(35 )  E-RN - RNFT + 0.5RNPT . 

I .0525 MDP/PDSH + 0 . 9 2 8 7  W-NH 
(2.29)  (6 .97)  

+ 2.7559  RHOS + 1.1411 . 
(1 .73)  - 

R' = .81 

S.E. - 0.2901  

S.E. - 0 . 0 1 3 9  



TABLE 4 C o n t l n u e d  

ESTIMATED EQUATIONS OF THE MODEL 

11. P r a c t  I c a l  rlurses 

(39) E-PI1 PNFT + 0.5 PNPT . 

+ 0.0725 PNBK + 0.5227 
(1.56) 

2 
R - .27 

S .E .  - 0.1644 

S .E .  - 0.0282 

(42) PNPT/SKPN r 0.0165 W-PN - 0.2700 PNFT/SKPN 
(2.08) (-2.36) 

S.E. - 0.0236 



TABLE 4 Contfnued 

EST1 RATED EQUATIONS OF THE MODEL 

I .  Al l led  Health Professionals 

(43) E-AH - AHFT + 0.5 AHPT . 

- 3.5722 THRT 
(-4.38) 

S.E. - 0.1803 

- 0.1071 %FEn - 0.1762 DIET + 0.6731 . 
(-1.10) (-1. 19) 

S.E.  - 0.0248 

S.E. - 0.0209 



TABLE 4  Continued 

ESTIMATED EQUATION OF THE MODEL 

J. Non-Medical Personnel 

+ 0.0192 P-PH - 2.2749 #HDP/PDSH 
(2.21) (-5.35) 

R' - .51 

S.E. - 0.3756 

" The s p e c l f l c a t l o n s o f  t h e  endogenous v a r i a b l e s  g lven  i n  Table 1 a r e  used I n  
simulation o f  the  model. However, i n  o rder  t o  f a c i l i t a t e  e s t i m a t i o n  o f  s o m  
o f  t h e  regress ion  equat lons i n  Table 4 ,  c e r t a i n  endogenous v a r i a b l e s  were expressed 
r e l a t i v e  t o  the p o p u l a t i o n  base. 

The numbers o f  h o s p i t a l  i n p a t i e n t  days (PD-P, PD-G, and P D S ~  a r e  per  c a p i t a  
i n  equa t lons  ( 4 ) ,  (7 ) ,  (29) .  (30 ) ,  and (40) .  The same endogenous v a r i a b l e s  a re  
per  thousand p o p u l a t i o n  I n  equations ( I )  and (5 ) .  The c u r r e n t  and lagged 
numbers o f  hospl  t a l  beds (BEDP, BEDPt-1, BEDG and BEDGt-3 a r e  a l s o  p e r  thousand 
population I n  equat ions (4 )  and (7 ) .  

PDNH I s  the number o f  n u r s i n g  home i n p a t i e n t  days p e r  person aged 65 o r  o l d e r  
i n  equa t lons  (10) and (13) .  I n  equa t ion  ( 4 0 ) ,  PDNH i s  the  numper o f  n u r s i n g  
home I n p a t l e n t  days per  c a p i t a .  

The c u r r e n t  and lagged numbers o f  n u r s i n g  home beds (BEDI~ and BEDt-Z) i n  equa- 
t l o n  (13) a re  p e r  thousand persons aged 65 and o l d e r .  

I n  equat ions (141, ( I S ) ,  (191, (211, (231, (241, (261, (291, (30) and (401, 
the  c u r r e n t  and lagged v l s i  t v a r i a b l e s  OPVP; OPVG, OVSH, PVGM and PVSS d i e  each 
the number o f  p a t i e n t  v i s l t s  per c a p i t a .  I n  equat ions (231, (24), (26), (27)and 
(29) - (321, the  c u r r e n t  and lagged p h y s i c i a n  v a r i a b l e s  #GPP, #HSP, #SSP, UOSP, 
#tiDP. OHHD, IR-0, IRFG, and IRDG are each de f ined  as t h e  number o f  phys lc lans  
per  thousand persons. The lagged exogenous v a r i a b l e  GRAD i s  a l s o  de f ined  on  a  
p e r  thousand persons b a s i s  i n  equa t ion  (31) .  To s imu la te  t h e  model, equat lons 
and terms I n  the  d e f l a t e d  v a r i a b l e s  were r e - i n f l a t e d  by  t h e  a p p r o p r i a t e  
(exogenous) popu la t ions  s l z e s .  



TA
B

LE
 
5 

S
T

A
T

E
 

O
F

 
C

A
L

IF
O

R
N

IA
 

--
C

H
E

C
K

 
F

I
T

 
O

F
 

1
N

D
IV

II
)U

A
I.

 
E

Q
U

A
T

If
lN

S
 

T
O

 
H

IS
T

O
R

IC
A

L
 

D
A

T
A

 

P
D

-P
 

n
ls

r
o

n
r

c
A

L
 

s 
IM

U
LA

T
W

 
1

9
6

8
 

1
3

.7
5

3
 

1
2

.9
2

8
 

1
9

6
9

 
1

4
.3

8
1

 
1

3
.4

4
1

 
1

9
7

0
 

1
4

.5
1

6
 

1
3

.5
6

9
 

1
9

7
1

 
1

4
.4

5
9

 
1

2
.6

8
3

 
1

9
7

2
 

1
4

.5
4

1
 

1
3

.1
2

2
 

P
-O

P
 

I
 N

R
E

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
I
 9

6
8

 
R

.0
 

I
0

 
8

.4
5

6
 

I9
6

8
 

4
.5

H
O

 
4

.5
6

0
 

1
9

6
9

 
9

.1
1

0
 

9
.7

2
1
) 

1
9

6
9

 
4

.9
0

1
 

4
.9

0
1

 
1

9
7

9
 

9
,9

8
0

 
I
 1

-
5

2
 7

 
1

9
7

0
 

5
.7

2
1

 
5

.7
2

1
 

I
9

7
1

 
1

2
.2

3
0

 
1

3
.0

7
6

 
1

9
7

1
 

5
.5

4
8

 
5

.5
4

8
 

1
0

7
2

 
1

5
.9

9
0

 
1

5
.4

4
2

 
I9

7
2

 
5

.9
9

7
 

5
.9

9
7

 

0
-H

P
 

O
P

V
 

M
D

H
P

 
S

IM
U

L
A

T
E

D
 

8
0

.e
6

2
 

9
0

.8
7

0
 

1
0

2
.0

8
6

 
1

1
7

.5
3

7
 

1
3

1
.4

5
6

 

O
C

C
P

 
H

IS
T

O
R

IU
L

 
S

IM
U

LA
T
E

D
 

1
9

6
8

 
7

4
.9

4
0

 
7

4
.9

3
9

 
1

9
6

9
 

7
6

.2
0

9
 

7
6

.2
0

9
 

1
9

7
0

 
7

3
.8

8
1

 
7

3
.8

8
0

 
1

9
7

1
 

7
1

.1
6

2
 

7
1

.1
6

3
 

1
9

7
2

 
6

8
.9

2
4

 
6

8
.9

2
1

 

P
V

G
M

 
H

I
 S

T
O

R
IC

A
L

 
S

IM
U

L
A

T
E

D
 

1
9

6
8

 
8

1
.3

2
5

 
7

9
.6

6
0

 

S
IM

U
L

A
T

E
D

 
5

.9
0

4
 

6.
 

4
6

7
 

7
.0

4
9

 
7

.4
0

9
 

7
.R

b
9

 

E
-R

N
 

H
IS

T
O

R
IC

A
L

 
S

IM
U

L
A

T
E

D
 

1
9

6
8

 
5

1
.0

4
2

 
5

1
.0

4
1

 
1

9
6

9
 

5
1

.8
5

2
 

5
1

.8
5

2
 

1
9

7
0

 
5

2
.7

1
3

 
5

2
.7

1
3

 
1

9
7

1
 

5
3

.7
1

4
 

5
3

.7
1

4
 

1
9

7
2

 
5

4
.2

4
8

 
5

4
.2

4
7

 

. 
-.

 
H

IS
T

O
R

IC
A

L
 

S
 IM

U
L

A
T

E
D

 
lO

6
R

 
7

.9
2

0
 

7
.9

8
6

 
1

9
6

9
 

0
.4

(1
7

 
8

.4
0

5
 

- 
...

. 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
6

8
 

7
.7

4
8

 
7

.4
9

8
 

I
9

6
9

 
8

.5
5

4
 

7
.9

0
6

 
1

9
7

C
 

9
.4

6
9

 
8

.7
8

3
 

P
D

-G
 

P
V

S
S

 
C

-A
H

 S
IM

U
L

A
T

E
D

 
3

1
 -6

5
4

 
3

3
.0

6
1

 
3

4
 -

3
2

0
 

3
5

.6
0

9
 

3
6

.9
1

0
 

P
-5

5
 

W
-A

H
 

ti
1

 S
T

O
R

IC
A

L
 

S
 IM

U
L

A
T

E
U

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
6

8
 

2
5

6
.4

8
1

) 
2

5
9

.2
6

9
 

1
9

6
8

 
0

.7
7

0
 

8
.7

2
4

 
1

9
6

9
 

2
6

9
.6

8
3

 
2

7
5

.1
6

7
 

1
9

 6
9

 
9

.4
1

2
 

9
.1

2
1

 
1

0
7

0
 

%
d

f8
.3

0
9

 
2

9
8

.9
2

7
 

1
9

7
0

 
lC

.3
7

0
 

9
.8

1
9

 
1

9
7

1
 

3
J

6
.1

1
4

 
3

1
5

.8
0

7
 

1
9

7
1

 
1

1
.3

2
7

 
1

0
.6

5
1

 
1

9
7

2
 

3
1

7
.6

0
5

 
3

3
2

.7
2

5
 

I9
7

2
 

1
2

.2
8

5
 

1
1

.2
8

1
 



TA
B

LE
 

5 
C

o
n

ti
n

u
ed

 

S
T

A
T

E
 

O
F

 
C

A
L

IF
O

R
N

IA
 

--
C

H
E

C
K

 
F

I
T

 O
F

 
IN

O
IV

ID
U

A
L

 
E

O
U

A
r

IO
N

5
 

T
O

 
II

IS
T

O
R

IC
A

L
 

D
A

T
A

 

B
E

D
G

 
H

IS
T

O
R

lC
A

L
 

S
IM

U
L

A
T

E
D

 
1
9
6
8
 

1
9
.
7
0
0
 

2
0
.
3
0
9
 

1
9
6
9
 

2
0
.
4
5
0
 

L
9
.
8
L
8
 

1
9
7
0
 

1
9
.
7
4
0
 

1
9
.
8
2
8
 

1
9
7
1
 

2
0
.
2
8
3
 

1
9
.
5
7
4
 

1
9
7
2
 

1
8
.
6
5
2
 

1
8
.
7
8
8
 

P
O

S
H

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1
9
6
8
 

2
2
.
7
8
7
 

2
2
.
7
8
8
 

P
O

N
H

 
H

 I
 S

T
O

R
I C

A
L

 
S

IM
U

L
A

T
E

D
 

0
.
0
 

2
6
.
5
3
3
 

0
.
0
 

3
0
.
5
1
1
 

0
.0

 
3
0
.
4
5
1
 

3
2
.
2
8
6
 

3
2
.
2
8
7
 

0.
0 

3
3
.
6
9
0
 

. 
..

 
M
 L

S
T

O
R

l 
C

A
L

 
S

IM
U

L
A

T
E

D
 

1
9
6
8
 

1
2
.
9
3
0
 

1
2
.
9
3
0
 

1
9
6
9
 

0.
0 

1
3
.
8
8
9
 

1
9
7
0
 

0
 .
O 

1
5
.
4
5
2
 

1
9
7
1
 

0
 .O
 

1
6
.
7
6
9
 

1
9
7
2
 

0.
0 

17
 -
7
9
6
 

O
C

C
N

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
0.
0 

9
0
.
1
2
8
 

0.
0 

a
6
.
9
9
2
 

0
 .
O 

8
4
.
4
7
8
 

8
2
.
8
6
0
 

9
2

.8
5

9
 

0
 .
O 

8
3
.
0
0
0
 

#
M

S
P

 
M

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
b

e
 

5
.
5
7
7
 

5
.
5
2
0
 

#
S

S
P

 
S

T
O

R
IC

A
L

 
S

 
7
.
1
9
4
 

IM
U

L
A

T
C

O
 

7
.
1
7
4
 

7
.
4
6
4
 

7
.
6
1
3
 

8
.
0
5
6
 

8
.
2
8
9
 

E
-N

M
 

I1
IS

T
II

R
IC

A
L

 
S

IM
U

L
A

T
E

D
 

1
9
6
8
 

1
5
6
.
0
9
2
 

1
6
5
.
8
4
2
 

1
9
6
9
 

1
6
5
.
7
3
7
 

1
8
7
.
6
7
9
 

1
9
7
0
 

1
7
4
.
6
8
1
 

1
9
5
.
8
3
7
 

1
9
7
1
 

l
R
4
.
2
1
4
 

2
1
4
.
3
9
2
 

1
9
7
2
 

1
9
2
.
9
9
5
 

2
2
6
.
2
3
9
 

E
-P

N
 

H
IS

T
O

R
IC

A
L

 
S

lM
U

L
A

T
E

O
 

1
9
6
8
 

1
6
.
7
0
3
 

1
6
.
7
0
4
 

1
9
h
9
 

1
7
.
3
5
9
 

1
7
.
3
5
8
 

1
9
7
0
 

1
7
.
9
4
0
 

1
7
.
9
4
0
 

1
9
7
1
 

1
8
.
5
8
3
 

1
8
.
5
8
2
 

1
9
7
2
 

1
9
.
1
5
2
 

1
9
.
1
5
1
 

W
-

P
N

 

R
N

F
T

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1
9
6
8
 

3
9
.
8
3
7
 

3
9
.
1
4
7
 

1
9
6
9
 

3
9
.
6
8
9
 

3
9
.
5
7
7
 

1
9
7
C
 

3
9
.
9
4
4
 

3
9
.
2
6
9
 

1
9
7
1
 

4
0
.
2
8
6
 

3
9
.
6
6
0
 

1
9
7
2
 

3
9
.
8
2
7
 

3
9
.
4
9
6
 

1
1

0
S

P
 

R
N

P
T

 
S

IM
U

L
A

T
E

D
 

2
2
.
9
4
1
 

2
4
.
4
2
4
 

2
6
.
2
4
7
 

2
7
.
8
1
9
 

2
9
.
3
1
5
 

A
H

F
T

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1
9
6
8
 

2
5
.
5
3
5
 

2
4
.
8
3
3
 

1
9
6
9
 

2
6
.
5
9
9
 

2
5
.
2
3
6
 

1
9
7
C
 

2
7
.
5
3
d
 

2
5
-
7
1
?
 

1
9
7
1
 

2
f
l
.
5
6
0
 

2
6
.
3
0
6
 

1
9
7
2
 

2
9
.
4
5
7
 

2
6
.
6
2
4
 



T
A

B
LE

 
5 

C
o

n
ti

n
u

e
d

 

S
T

A
T

E
 

O
F

 
C

A
L

IF
O

R
N

IA
 

--
C

H
E

C
K

 
F
I: 

O
F

 
Ir

r
o

tv
ln

u
A

L
 E

O
U

A
T

IO
N

S
 

T
O

 
H

IS
T

O
R

IC
A

L
 

D
A

T
A

 

B
E

D
N

 
H

 L
S

T
O

R
IC

M
 

S
 I

R
C

IL
A

T
E

D
 

1
9

6
8

 
0

.0
 

8
1

.9
2

0
 

1
9

6
9

 
0

 .O
 

0
9

.9
3

7
 

1
9

7
0

 
0

.0
 

9
8

.2
0

0
 

1
9

7
1

 
1

0
6

.7
5

4
 

1
0

6
.8

3
1

 
1

9
7

2
 

0
 .O

 
1

0
8

.5
5

9
 

O
P

V
P

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
6

8
 

1
1

.0
2

0
 

1
1

 -
2
3
3
 

1
9

6
9

 
1

2
.2

6
5

 
1

1
.9

7
6

 
1

9
7

0
 

1
3

..
9

0
9

 
IJ

.0
2

1
 

1
9

7
1

 
1
4
.
3
2
2
 

1
4

.5
0

3
 

1
9
7
2
 

1
4

.1
6

5
 

1
4

.7
0

7
 

O
P

V
N

 
H

IS
T

o
R

IC
A

L
 

S
 

1
9

6
8

 
1

5
.8

1
1

 
1

9
6

9
 

1
9

7
0

 
1

9
7

1
 

i kg
"

: 
1

9
7

2
 

1
9

.6
4

5
 

T 
M

U
L

A
T

E
D

 
1

5
.8

1
 

1
 

O
H

M
U

 
H

IS
T

O
R

IC
A

L
 

S
 IM

U
L

A
T

E
O

 
1

9
0

0
 

1
.4

 
1

4
 

1
.3

0
1

 
1

9
6

9
 

1
.5

U
6
 

1
 .'

il
l5

 
1

9
 I

0
 

1
.8

2
R

 
2

.0
1

0
 

1
9

 1
 1

 
1

 . f\ h 1
 

7
.0

3
0

 
1

1
)7

2
 

1
,8

5
2

 
1

.0
2

7
 

P
N

F
 

T
O

R
lC

A
L

 
1

2
.1

2
9

 
12

.. 
7

4
4

 
1

3
.3

1
4

 
1

3
.9

3
7

 
1

4
.5

1
2

 

M
U

L
A

T
E

D
 

1
.8

9
3

 
2

 -
2

2
0

 

M
U

L
A

T
E

D
 

1
.7

7
0

 
2

.0
9

0
 

2
.4

7
2

 
2

.9
6

5
 

3
.1

5
7

 

IR
D

b
 

P
N

P
T

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
H

IS
T

O
N

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
6

8
 

6
.3

2
9

 
4

.3
2

1
 

1
9

6
8

 
9

.1
5

0
 

9
.3

5
0

 
lY

h
9

 
4

.0
2

4
 

4
.4

2
U

 
1

9
6

9
 

9
.2

2
9

 
9

.6
4

2
 

1
9

7
0

 
4

.9
1

d
 

4
.5

d
9

 
1

9
7

0
 

9
 

2
5

2
 

9
.9

6
0

 
1

9
7

1
 

5
.2

2
7

 
5

.1
8

6
 

1
9

7
1

 
9

.2
9

1
 

1
0

.3
0

7
 

1
9

7
2

 
5

.6
0

7
 

5
.7

0
5

 
1

9
7

%
 

9
.2

7
8

 
1

0
.6

0
4

 



C 
W  
C m - U N -  
U - N m a . 5  
J Q O 1 S + O  >..... 
Zdv)v ) lnO  - 

W V )  
a 7 

0 
W 
C m o u o u  
4NU7oea 
J N O Q O N  
J... .. 
Z O O - N N  
-mmmmm 

z VI 

u 
ki5-m-L-U 
U C o - L ? O  
J 0 3 + r n Z  >..... 
z m 3 - r ) f l  - -d- 

' l m  
0 
I 
a J 

400000 
u--m-, 3 
..o-orU3 
a..... 
O Z Q C N I I :  
C -- C . . . . .  

c - -mmm 
I - t i R N N N  

W 
m-r 

4 0 0  90 
u m o l i l o o  - N ~ Q o  Q 

e..... 
o o o v l o n  
+ m ~ o - n  
"7 --... - 
I: 



0 
W 
I - o m - b N  
4 m 0 9 b -  
J-NO'-6 
j . . . . .  
Z Q - m n m  
-V )b (D00  

I m - - - - N  
z 

a 
W 
C m m N Q N  
4 - f l O V ) N  
JbdlbNb 
j . . . . .  
I e b b m a l  
u----- 

z VI 
a 
I 

U 
z 
a J 

4 b O 6 Q b  
u n m e m ~  
- m Q O N m  Q..... 
o o o ~ o m  
~ - r n n n u m  
ul " 
I 

a J  
4 9 l b m b -  
U o N m V ) u  - d mm E m  
a..... 
0 N U V ) C D  
I - N N N N N  
VI - 
r 

n 
U: 
I -bV)OOC.  
4br?.01SI) 
A - u c e -  
j . . . . .  
S b b b b m  - 

W 
C b O b N m  
u-029c 
A L D ~ ~ O C ' J  
j . . . . .  
r m a m c o  " 

%dl 
ul 
r * J 

u l c o m c d r ?  
U b E r - b m  
n m b o N *  
u..... 
O ; n G 9 3 O  
L 

m v, CVI 
z 3 
0 VI 
u A  * A  

4 N C b O U l  4 u u O m r n  
u b u - O =  U O m b - u  
- N m C  3 Q  - - '?CON Q.... .  a..... 
ONNNNN o r - b b m m  +---'- I- 
VI VI - - 
I I 

' A  
4 0 
U 9 
- 0 0 0 O O  a..... 
O O O O N O  + 0 

:o;oooo 
L . . . . .  
O N O O O O  
I-- 



TA
B

LE
 

6,
 Co

nt
in

ue
d 

5
T

A
T

E
 

O
F

 
C

A
L

 I
F

O
R

rJ
IA

 
--

D
Y

N
A

'd
IC

 
C

D
N

T
U

O
L

 
S

O
L

U
T

IO
N

 
O

F
 T

H
E

 
M

O
D

E
L

 
- 

H
IS

T
O

R
IC

A
L

 
P

E
R

IO
D

 

B
E

D
N

 
H

IS
T

O
R

lC
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
6

8
 

8
 .

O
 

8
5

.9
6

0
 

O
P

V
P

 
H
 I

S
T

O
R

I C
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
6

6
 

1
1

.0
2

0
 

1
1

 -
2
3
3
 

1
9

6
9

 
1

2
.2

6
5

 
1

2
.0

1
8

 
1

9
7

0
 

1
3

.9
0

9
 

1
2

.6
7

0
 

O
P

V
G

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
6

8
 

4
.7

9
1

 
4

.3
0

5
 

1
9

6
9

 
4

.
1

9
9

 
4

.6
1

9
 

1
9

7
0

 
5

.5
4

3
 

4
.8

8
7

 
1

9
7

1
 

5
.2

 
5

2
 

5
.1

4
9

 
1

9
7

2
 

5
.4

8
0

 
5

.3
7

1
 

O
P

V
N

 
H
 l
 S

T
O

R
l 

C
A

L
 

S
 I

M
U

L
A

T
E

O
 

I9
6

8
 

1
5

.8
1

1
 

1
5

.5
3

8
 

1
9

6
9

 
1

6
.9

6
9

 
L 

b
. 

6
3

7
 

1
9

 7
0
 

1
9

.4
5

2
 

1
7

.5
5

7
 

O
H

 M
D

 
A

H
P

T
 

H
I

 S
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
T

E
D

 
1

9
6

8
 

1
.4

1
4

 
1

.4
6

2
 

1
9

6
8

 
1

2
.2

3
9

 
1

1
.8

7
1

 
1
'3

 6
9

 
1

.5
8

6
 

1
.6

1
2
 

1
9

6
9

 
1

2
.9

2
4

 
1

2
.4

7
0

 
1

0
7

0
 

1
 .U

2
H

 
1

.7
3

6
 

1
9

7
0

 
1

3
.5

6
4

 
1

3
.1

U
2

 
1

9
7

 1
 

1
 m

H
6
1
 

1
 .8

5
0

 
1

9
7

1
 

1
4

.2
5

9
 

1
3

.7
5

8
 

1
9

7
2

 
I
 .0

5
2

 
1

.9
4

6
 

1
9

7
2

 
1

4
.9

0
6

 
1

4
.3

R
l 

I 
R

-O
 

H
IS

T
O

R
IC

A
L

 
S

IM
U

L
A

T
E

D
 

1
9

h
H

 
5

.2
5

9
 

5
.3

7
2

 
1

9
6

9
 

5
.4

0
5

 
5

.B
3

7
 

1
')
7
0
 

5
.5

5
0

 
6

.1
6

3
 

IR
F

G
 

k
1

IS
T

O
R

IC
A

L
 

5
 I

M
U

L
A

T
E

D
 

1
9

6
0

 
0

.2
5

1
 

0
.2

1
5

 
1

9
0

9
 

0
.2

7
7

 
C

 -
2

6
0

 
1

9
7

0
 

0
.3

0
3

 
0

.3
1

0
 

. .., 
. 

H
IS

T
O

R
IC

A
L

 
S

IM
U

L
A

T
E

D
 

P
N

P
T

 
H

IS
T

O
R

IC
A

L
 

S
IM

U
L

A
lE

D
 

1
9

6
8

 
9

.1
5

0
 

9
.4

 
4

0
 

1
9

6
9

 
9

.2
2

9
 

9
.8

3
6

 
1

9
 7C

 
9

.2
5

2
 

1
0

.3
0

5
 

1
9

7
1

 
9

.2
9

1
 

1
0

.7
6

1
 

1
9

7
2

 
9

.2
7

8
 

1
1

.1
3

4
 



TA
B

LE
 7

 
C

o
n

ti
n

u
e

d
 

.
i

T
h

r
r

 
'' 

' 
'. 

IF
:,

';
!'

l 
f.

 
--

 :it
.:
.M

lC
 

L
jl
lL

l~
T

:r
3

lr
l 

fl
F

 
T
H

E
 

M
L

J
D

E
L

--
H

O
S

P
I 
T

A
L
 

O
C

U
S

 
R

E
S

T
R

IC
T

IO
N

 

0
 

O
A

S
E

L
 I

N
E

 
b

5
.7

8
4

 
6

4
.5

8
0

 
6

3
.4

6
7

 
6

2
.2

6
5

 
h
C
 .
Oi.
.' 

5
9

.9
2

9
 

5
6

.2
0

4
 

5
1

.9
7

5
 

W
-A

H
 

D
A

S
E

L
 I

N
E

 
E;

PE
~~

 I
M

E
N

T
 

3
4

6
.1

7
8

 
3

4
0

.1
7

8
 

1
6

6
.3

n
5

 
3

6
6

.3
9

6
 

3
t3

3
.3

2
0
 

3
8

8
.3

2
2

 
4

1
1

.1
0

'3
 

4
1

1
.1

9
1

 

U
A

S
C

L
IN

E
 

F
X

P
E

R
IM

E
N

T
 

1
2

.1
2

0
 

1
2

.1
2

0
 

1
2

.7
7

2
 

1
2

.7
2

2
 

1
3

.4
1

8
 

1
3

.4
1

9
 

1
4

.1
1

9
 

1
4

.1
2

C
 

n 
G

P
P

 
n

A
S

E
L

 I
N

C
 

E
X

P
E

R
IM

E
N

T
 

1
9

7
3

 
6

.0
6

9
 

h
.O

h
c

) 
H

A
S

C
L
 I

N
E

 
7

7
0

.3
7

0
 

2
5

7
.8

6
9

 
2

 7
 5

.7
9
9
 

2
9

7
. 

L
O

6
 

3
1

7
.6

7
7

 
3

4
0

.5
7

7
 

3
6

3
.6

8
2

 
3

8
8

.5
2

9
 

n 
M

S
P
 

B
A

S
E

L
IN

E
 

E
X

P
E

R
IM

E
N

T
 

6
.6

5
1

 
h
e
 6

5
1

 
6
 -

9
4

8
 

6
.,
7
4
8
 

7
.2

6
8

 
7

.2
6

8
 

7
.6

1
3

 
7

.6
1

3
 

7
.9

8
3

 
7

.9
8

3
 

8
.3

7
9

 
0

.3
7

9
 

tl
.d

O
3
 

6
3

.6
0

3
 

9
.2

5
5

 
9

.2
5

5
 

O
A

S
E

L
IN

E
 

1
8

.9
1

1
 

1
9

.3
0

5
 

2
0

.3
1

 
1

 
2

1
.2

7
7

 

H
C

D
li
 

G
P
M

S
 

O
h

S
fL

lN
E

 
k
X

f'
E

9
IU

C
E

C
T

 
U

A
S

E
L
 I

N
E

 
E

X
P

E
R

IM
E

N
T

 
1

9
7

3
 

1
+

5
.2

0
5

 
n

5
.z

n
b

 
1

9
7

3
 

1
2

.7
2

0
 

1
2

.7
2

0
 

1
9

7
4

 
0

4
.7

9
4

 
8

4
.7

0
6

 
1

9
7

4
 

1
2

.8
6

4
 

1
2

.H
6

4
 

1
9

7
5

 
8

4
.2

0
8

 
8

4
.2

1
0

 
1

9
7

5
 

1
3

.0
1

4
 

1
3

.0
1

4
 

1
9

7
6

 
8

3
.5

2
6

 
8

3
.5

2
9

 
1

9
7

0
 

1
3

.1
7

1
 

1
3

.1
7

1
 

1
9

7
7

 
8

2
.7

4
4

 
8

2
.7

4
9

 
1
'1

7
7
 

1
3
.:
1
3
3
 

1
3

.3
3

3
 

1
3

7
h

 
0

1
 .C

5
7

 
H

I 
,8

6
2

 
1

9
7

8
 

1
3

.5
0

3
 

1
3

.5
0

3
 

le
#

7
\i

 
o

0
..

r5
2

 
P

O
.R

5
9
 

1
1

7
9

 
1
3
.h

7
R

 
1

3
.6

7
8

 
lL

J
!3

9
 

7
1

>
.7

1
h

 
7

0
,7

2
4

 
1

9
8

0
 

1
3

.0
5

9
 

1
3

.8
5

9
 

W
-P

N
 

D
A

S
E

L
IN

E
 

E
X

P
E

R
IM

E
N

T
 

1
9

7
3

 
8

.9
4

1
 

Y
.9

4
1

 
1

9
7

4
 

9
-
6

0
?

 
9

.6
0

1
 

1
9

7
5

 
1

0
.3

6
4

 
1

0
.3

h
2

 
1

9
7

6
 

1
1

.1
9

5
 

1
1

.1
9

4
 

1
9

7
7

 
1

2
.0

9
9

 
1

2
.3

9
7

 
1

9
7

8
 

1
3

.0
9

7
 

1
3

.0
8

5
 

1
9

7
9

 
1

4
.1

6
9

 
1

4
.1

6
7

 
1

9
8

0
 

1
5

.3
5

8
 

1
5

.3
5

4
 

P
U

N
I: 

Ii
A

S
tC

 I
N

E
 

E
X

1
't:

A
IY

E
N

T
 

3
5

.4
3

1
 

3
5

.4
3

0
 

3
7

:
 7
 

3
7

.3
3

7
 

3
9

.5
4

7
 

?
9

.5
4

7
 

4
1

 ~
9

2
8

 
-1

.9
2

d
 

4
4
.
4
 

7
2

 
4

4
.4

7
2

 
4

7
.2

1
,;
 

4
7

.2
5

9
 

3
C

.1
7

2
 

5
0

.1
7

1
 

5
3

. 
5

8
7

 
5

3
.3

?
0

 



T,
"I

BL
E 

7 
C

o
n

ti
n

u
e

d
 

i'
:T

L
 

I
'r

 
L

A
L

. 
Il

z
c

!8
<

,!
l :. -

-'
rY

h
ii

rh
lI

C
 

S
lI

L
U

T
IO

N
 

O
F

 
T

H
C

 
M

O
O

tL
--

H
O

S
P

I 
T

A
L

 
B

E
D

S
 

R
E

S
T

R
IC

T
IO

N
 

P
-N

H
 

rn
+

u
 

R
N

P
T

 
R

A
S

E
L

 I
N

E
 

E
X

P
E

R
IM

E
N

T
 

3
i.

4
3

8
 

3
1

 -
4

3
8

 
3

4
.8

7
9

 
3

4
.8

7
9

 
3

8
.0

7
7

 
3

8
.5

7
7

 
4

1
.8

3
3

 
4

1
 -

9
3

2
 

4
5

.6
7

6
 

4
5

.6
7

5
 

4
9

.9
9

1
 

4
9

.9
9

0
 

5
4

.5
8

7
 

5
4

.5
8

5
 

5
9

.6
5

8
 

5
9

.6
5

6
 

U
C

C
N

 
~

A
S

I
-

L
 

I 
\'

L
 

E
x

r'
1

.p
 x

vc
w

l 
8

3
.2

2
6

 
8
5
.
2
2
~
 

r(
3

.1
3

L
) 

i3
7

.1
.3

3
 

'4
3

.4
6

3
 

'I
 
1

.4
b

3
 

8
3

.7
h

l 
t3

J
.7

0
0

 
n

u
 .
C
o
b
 

n
h

 .
O

h
4

 
t3

4
..

1
r

d
 

6
4

.3
6

3
 

1
1
4
.0

0
C

 
C

IA
 

.
f

~
b

O
 

n
4

.u
i5

7
 

d
n

.9
5

7
 

A
H

F
 T

 
B

A
S

E
L

lN
E

 
E

X
P

E
R

IM
E

N
T

 
2

6
.3

7
9

 
2

6
.3

7
9

 
2

8
.2

3
9

 
2

8
.2

3
9

 
2

7
.5

1
5

 
2

7
.5

1
6

 

n
l.

l)
N

 
n

u
u

n
 

A
H

P
T

 
.,. 

B
A

S
E

L
IN

E
 

2
.0

9
0

 

..
. 

R
A

S
E

L
IN

E
 

1
3

.6
1

4
 

1
6
.0

'1
0
 

1
6

.3
9

9
 

1
8

.0
7

9
 

1
9

.0
0

8
 

. 
. 

E 
X

P
E

U
l 

M
F

N
T

 
1

3
.6

1
4

 
1

6
.0

9
0

 
1
6
.4

G
0
 

I
 8
 ,

0
0

0
 

1
9

.0
0

8
 

P
N

F
T

 
H

A
S

E
L

 I
N

E
 

E
X

P
E

R
l 

M
E

N
T

 
1

3
.4

2
1

 
1

3
.4

2
1

 
1

3
.2

9
9

 
1

3
.2

9
9

 

9
.1

1
7

 
9

.1
1

 
H

 

IR
D

G
 

II
A

S
C

L
 I

N
E

 
F

K
P

C
R

IM
T

N
T

 
6

.1
7

8
 

6
.1

7
0

 
b

.4
9

6
 

6
.4

9
6

 
6
.1

1
0
7
 

e,.
 

'1
0
7
 

7
.1

J
S

 
7

9
1

.9
6

 
7

.4
9

1
 

7
.4

9
7

 
7

.8
8

4
 

7
.H

t3
4
 

8
.3

1
9

 
8

.3
1

 
9

 
8

.0
0

3
 

8
.5

0
4

 



TA
B

LE
 
7 

-,
'4

T
r 

rl
' 

C
 r

t 
[I

-,
)I

.~
II

A
 -

-I
IY

N
A

M
IC

 
C

.l
lL

U
T

lf
lN

 
n

r 
T

H
E

 
M

D
I>

C
L

--
k

IO
S

P
IT

A
L

 
Il

C
D

S
 

R
E

S
T

R
IC

T
IO

N
 

P
O

-P
 

D
A

S
E

L
 I

N
E

 E
X

P
F

R
 I

M
E

Y
T

 
1

4
.0

2
0

 
1

4
.0

2
0

 
1

4
.3

6
1

 
1

4
.3

6
3

 
1

4
.6

4
7

 
1

5
.6

5
1

 
1

4
.9

3
0

 
1

4
.9

3
5

 
Ib

.2
1

9
 

1
5
..
?
2
4
 

IS
.S

IA
 

1
5

.s
?

n
 

1
5

.Y
3

G
 

1
 >
.L

C
36

 
11

,. 
15

:3
 

1
 c>

. 
1

 b.3
 

P
-O

P
 

O
A

S
E

L
 I
 N

E
 

E
X

P
E

R
 I
 M

E
N

T
 

1
8

.4
8

3
 

1
8

.4
8

3
 

2
0

.9
3

7
 

2
0

.9
3

4
 

2
3

.4
0

4
 

2
3

.3
9

7
 

2
5

.4
2

1
 

2
5

.9
1

0
 

2
8

.5
1

2
 

2
tI

.4
9

'1
 

3
1

.1
9

0
 

.+
l.

1
8

3
 

3
3
.'1

'1
5
 

3
J

.9
1

b
 

J
6

.9
lb

 
3

6
.0

0
1

 

1
N

H
C

 
O

A
S

E
L

L
N

E
 

C
X

P
E

R
IM

E
N

T
 

1
9

7
3

 
6
. 

5
9

2
 

6
.5

9
2

 
1

9
7

4
 

6
.9

2
7

 
6

.9
?

7
 

1
9

7
5

 
7

.2
4

5
 

7
.2

4
5

 
1

9
1

6
 

7
.5

6
7

 
7

.5
6

7
 

1
9

7
7

 
7

.3
0

 
1

 
7

.9
C

l 
1

9
7

H
 

R
. 

8
5

5
 

11
 

2
5

5
 

1
9

7
9

 
8
 -

6
3

3
 

0
. 

b.
14

 
1

9
6

0
 

9
.0

3
9

 
9

.9
4

0
 

H
A

S
 E

L
 I
 N

C
 

%
b

e
 3
9

0
 

2
7

.3
0

6
 

2
0

.2
2

5
 

2
9

.1
6

2
 

3
0

.1
3

0
 

3
1
. 

1
4

1
 

3
2

.6
0

2
 

3
3

 -
3

2
0

 

:
c

p
 

E
X

P
E

R
IM

E
N

T
 

6
5

.9
8

3
 

0
6

.6
3

3
 

6
0

.9
3

1
 

6
7

.1
 

3
8

 
6

7
.3

2
0

 
6

7
.6

2
4

 
6

7
.9

7
5

 
6

3
.3

7
4

 

E
-R

N
 

H
A

S
t

L
 I

N
E

 
E

X
P

E
R

IM
E

N
T

 
5

4
.9

1
4

 
5

4
.9

1
4

 
5

6
.9

3
1

 
5

6
.9

3
1

 
5

8
.2

5
9

 
5

8
.2

0
9

 
6

0
.0

7
9

 
6

C
.9

7
8

 
6

1
.6

5
5

 
6

1
.6

0
4

 
6

3
.3

9
6

 
6

3
.3

9
6

 
6

5
.0

2
1

 
6

5
.0

2
0

 
6

6
.7

5
0

 
6

6
.7

4
9

 

8
 E 

E
A

S
E

L
 I

N
E

 
5

8
.4

3
7

 
5

0
.2

3
1

 
b

O
.I

C
Y

 
b

l
 -0

5
1

 
6

2
.0

4
e

 
6

J
a

C
3

7
 

'O
P

 
E

X
P

F
H

lM
E

N
T

 
5

8
,2

1
0

 
5

0
.0

5
7

 
5
9
.c

1
1
4
 

6
0

 .
V

9
7

 
6

1
.9

5
7

 
6

2
.8

9
1

 
tI
?
.d

3
L
C

 
6
4
. 

7
 6.
1 

W
 

H
A

S
E

L
 I

N
E

 
1

1
.5

7
5

 
1

2
.2

8
0

 
1

3
.0

6
1

 
1

3
.9

8
3

 
1

4
.7

7
0

 
1

5
.6

9
3

 
1

0
.6

7
0

 
1

7
.6

9
9

 

-R
N

 
E

X
P

E
R

IM
E

N
T

 
1

1
.5

7
5

 
1
2
.?

R
O

 
1

3
.C

ir
7

 
1

3
.8

9
2

 
1

4
.7

6
9

 
1

5
 -
6

9
2

 
1

6
.h

6
9

 
1

7
.0

9
7

 

H
A

S
E

L
IN

E
 

IO
.7

H
5

 
1

1
.4

1
7

 
1

2
.1

0
4

 
1

2
.5

2
2

 
ld

.5
U

fl
 

1
4

.3
9

5
 

1
5

.2
4

9
 

1
6

.1
4

9
 

P
U

-G
 

B
A

S
E

L
 I

N
E

 t
X

P
C

II
 I
 M

tN
T

 
4

.3
6

0
 

4
.3

3
ti

 
4

 -
0
 3
0

 
6

.0
3

8
 

3
.7

3
5

 
3

.7
3

5
 

3
.3

0
3

 
3

.3
3

3
 

3
-
0

1
?

 
3

.3
1

0
 

2
.5

8
3

 
2
. 

5
R

?
 

2
.1

0
7

 
2

.1
3

i'
 

1
.5

7
9

 
1

.5
7

3
 

P
V

S
S

 
R

A
S

E
L

IN
E

 
E

X
P

E
R

IM
E

N
T

 
4
 1

.8
3

7
 

4
 1

.5
3

7
 

4
2

.4
1

1
 

4
2

.9
1

1
 

4
3

.0
1

7
 

4
3

.0
1

7
 

4
3

.6
2

8
 

4
3

.h
2

U
 

4
4

.2
2

7
 

4
4

.2
2

7
 

4
4

.0
1

2
 

4
4

.n
1

2
 

4
5

.3
0

5
 

4
5

.3
9

5
 

4
5

.9
7

6
 

4
5

.9
7

6
 

F
-A

H
 

R
A

S
C

L
IN

C
 

E
X

P
C

R
IM

F
N

T
 

3
3

.1
0

6
 

3
3

.1
8

6
 

3
b

.2
0

4
 

3
0

.2
8

4
 

3
5

.7
1

5
 

3
5

.7
1

5
 

3
7

.4
8

6
 

3
7

.4
tj
G

 
3

7
.9

0
0

 
3

7
.9

0
0

 
3

9
.2

0
 

1
 

3
9

.2
b

2
 

4
0

 .
C
3
8
 

4
0

 -
0

0
8

 
4

1
.1

5
7

 
4

1
.1

5
8

 





TA
B

LE
 

8 

ci
T

rs
T

ci
 

:I
sy

 
>

L
 

1
F

C
)Q

h
il

A
 -

-?
Y

IU
R

:4
lC

 
5

0
L

U
T

IO
N

 
O

F
 

T
H

E
 

~
.!

C
IV

E
L

--
I'

H
V

S
IC

~
 A

N
 

D
E

C
R

E
A

S
E

 

P
D

-P
 

E
A

S
E

L
 I

N
L

 
L

X
P

E
M

I!
4

L
N

T
 

1
9

7
3

 
I

4
 .0

7
0

 
1

4
.0

2
: 

1
9

7
4

 
1

4
.3

6
1

 
1

4
.3

6
2

 
1

')
lr

 
1

6
.

6
~

7
 

1
4

.
~

+
0

 
1

9
7

h
 

1
6

.9
3

0
 

1
4

.i
i3

3
 

1
4

l7
 

1
5

.2
1

9
 

1
5

.2
7

1
 

1
-1

'1
 

1
5

.5
1

1
3

 
1

5
.5

2
1

 
I
<

lf
 1 

1
5

.0
1

0
 

l!
>

.f
l.

3
3

 
l
.
,
.
'~

,
 
I
 G.
 1

5
5

 
1

6
. 

1
5

n
 

IN
R

E
 

R
A

S
E

L
 I

N
F

 
E

X
P

E
R

 1
 V

E
N

T
 

b
.5

9
2

 
6

.5
7

1
 

6
.9

2
7

 
6
.V

O
f1

 
7

.2
4

5
 

7
.2

2
2

 
7

.5
0

7
 

7
.5

9
 

J 
7

.0
0

1
 

7
. 

r1
7
7
 

6
.2

2
5

 
U

.2
C

'9
 

H
.

~
J

J
 

n
 . t,o

c7
 

9
.0

 
1
9
 

0
.
 (I

 
1

 C
 

rl
C

C
P

 
U

A
S

E
L

 l
N

E
 

E
X

P
E

R
IM

E
N

T
 

6
5

.7
3

3
 

b
5

.7
3

5
 

'G
V

 
k

X
P

F
R

IM
E

N
T

 
3

5
.3

4
9

 
H

5
.4

?
1

 
8

5
.4

0
2

 
8

5
.2

6
5

 
i3

4
.9

0
7

 
8

4
 .

%
O

n
 

13
4 

.S
O

tl
 

13
3.

 
J

0
3

 

E
 - 

C
A

S
C

L
 I

N
E

 
5

4
.9

1
4

 
5

6
.9

:j
l 

5
8

.2
0

9
 

6
0

 -
0

7
9

 
6

1
.6

0
5

 
6

3
.3

9
6

 
6

5
.0

2
1

 
6

b
. 

7
5

0
 

.U
 N

 
E

X
P

E
R

IM
E

N
T

 
5

4
 -

0
9

2
 

5
0

.9
2

s
 

5
8

.1
0

2
 

6
1

3
.0

6
0

 
b

l
 

5
9

0
 

b
3

.3
A

5
 

b
5

.9
0

7
 

6
6
.7

.1
U

 

O
A

S
 E

L
 1

 N
E

 
8

5
.1

8
4

 
U

S
. 

2
5

1
 

8
5

.2
2

0
 

8
5

.0
8

7
 

8
4

.3
0

7
 

c
1

4
.3

8
3

 
d

3
. 

tJ
L

0
 

t3
3
. 
I
l
l
 P
-C

M
 

O
A

S
E

L
IN

L
 

tX
P

L
H

lM
tN

T
 

1
0

. 
7

0
5

 
lC

.7
fl

4
 

1
1

.4
1

7
 

1
1

.4
1

1
, 

1
2

.
1

~
4

 
i2

.
1

n
l 

1
2

.8
2

2
 

1
P

.I
IZ

l 
I
 J

.2
U

l3
 

1
 $

.>
tl

C
~

 
1

4
.3

Y
b

 
1

4
.3

9
3

 
1

5
.2

4
9

 
1

5
.1

4
7

 
1

6
.1

4
9

 
1

6
.1

4
6

 

Y
-
U

N
 

P
I>

- 
C, 

tl
A

S
T

L
 I

N
!-

 
t 

X
P

E
R

 L
M

E
'd

T
 

4
.
3
0
6
 

4
.3

0
0

 
4
 .

0.
11

1 
R

.f
l3

8
 

3
.7

3
5

 
3

.7
3

5
 

3.
 

3 
'1 

3 
3

.3
9

1
 

3
.3

1
3

 
3

.0
1

0
 

2.
,5

1)
3 

2
.5

6
3

3
 

2
. 

I
C

7
 

2
.
lS

t
 

1
.5

1
9

 
1

 .'
,7

9
 

v
s

s
 

E
X

P
E

R
 I

M
T

N
l 

4
1

.8
3

5
 

4
2

.4
C

V
 

4
3

.0
1

4
 

4
3

.6
2

5
 

4
4

 -
2

2
4

 
4

4
.8

0
9

 
4

5
.3

9
1

 
4

5
.9

7
1

 

E
-A

H
 

tl
A

S
C

L
IN

E
 

E
X

P
C

H
IM

C
N

T
 

J
3

.I
U

6
 

3
3

.1
8

0
 

3
6

.2
8

4
 

3
6

.2
6

5
 

3
5

.7
1

5
 

3
5

.7
1

6
 

3
7

.4
8

6
 

3
7
.4

1
1
7
 

3
7

.9
0

0
 

3
7

.9
0

1
 

3
9

.2
0

1
 

3
9

.2
0

2
 

4
0

.0
0

8
 

4
U

.O
C

B
 

4
1

.1
5

7
 

4
1

.1
5

8
 



TA
B

LE
 

8 
C

o
n

ti
n

u
ed

 

S
T

A
T

F
 

O
F

 
C

A
L

IF
fl

P
N

IA
 

--
>

Y
N

A
M

IC
 

S
O

L
U

T
IO

N
 

O
F

 
T

H
E

 
Y

O
U

E
L

-P
H

Y
S

IC
IA

N
 

D
E

C
R

E
A

S
E

 

O
C

C
G

 
D

A
S

E
L

 I
N

E
 

C
X

P
E

R
IM

E
N

T
 

b
5

.7
8

4
 

6
5

.7
8

4
 

6
4

.5
8

0
 

6
4

.5
H

d
 

6
3

.4
6

7
 

R
J

.b
h

7
 

6
2

-2
6

?
 

6
2

.2
6

5
 

h
C
 ,

8
2

5
 

6
0

 .
a

8
6

 
5

'3
.9

2
9

 
5

8
.9

2
9

 
5

6
.2

0
4

 
5

6
.2

0
4

 
5

1
 -
9
7
5
 

5
1

.9
2

5
 

P
 

R
A

S
E

L
 I

N
E

 
3

4
6

.1
7

8
 

3
6

6
.3

8
5

 
3

8
8

.3
2

0
 

4
1

1
.1

9
0

 
4

3
5

.5
6

0
 

4
6

1
 -
2

7
4

 
4

8
8

.4
5

5
 

5
1

 7
.0

3
3

 

-
5

s
 

E
X

P
E

R
IM

E
N

T
 

3
4

6
.1

5
3

 
3

6
6

.3
5

5
 

3
8

8
.2

8
4

 
4

1
1

.1
5

0
 

4
3

5
.5

1
4

 
4

6
1

.2
2

1
 

4
8

8
.3

0
5

 
5

1
6

.9
6

4
 

W
-A

H
 

B
A

S
E

L
IN

E
 

E
X

P
E

R
IM

E
N

T
 

1
9

7
3

 
1

2
.1

2
0

 
1

2
.1

2
2

 
1

9
7

4
 

1
2

.7
2

2
 

1
2

.7
2

4
 

1
9

7
5

 
1

3
.4

1
8

 
1

3
.4

2
1

 
1

9
7

6
 

1
4

.1
1

9
 

1
4

.1
2

1
 

1
9

7
7

 
1

4
.8

6
2

 
1

4
.0

6
5

 
1

9
7

8
 

1
5

.6
2

1
 

1
5

.6
2

4
 

1
9

7
9

 
1

6
.4

0
8

 
1

6
.4

1
1

 
1

9
8

0
 

1
7

.2
0

9
 

1
7

.2
1

3
 

H
I 

H
A

S
C

L
 I

N
F

 
1

7
.9

3
7

 
1

7
.1

3
2

 
lh

.1
2

2
 

1
4

.9
3

C
 

1
3

.'
,0

* 
1

2
.0

lO
 

lC
.Z

h
0

 
!)

.A
2

9
 

G
P

P
 

E
X

P
E

R
 1

 W
E

N
T

 
6

 
0

 7
0

 
5

.9
1

7
 

5
.7

4
8

 
5

.5
6

1
 

5
.3

5
5

 
5

.1
2

9
 

4
.8

8
2

 
4

.6
1

3
 

B
A

S
E

L
IN

E
 

0
.0

6
9

 
5

.9
1

6
 

5
.7

4
6

 
5

.5
5

0
 

5
.3

5
0

 
5

.1
2

4
 

4
.0

7
5

 
4

.6
0

4
 

F
-P

N
 

D
A

S
E

L
 I

N
C

 
E

X
P

E
R

IH
F

N
T

 
1

9
7

3
 

1
8

.9
1

1
 

1
8

.'
)1

2
 

1
9

7
4

 
1

9
.J

8
5

 
19

.:S
M

b
 

1
9

7
5

 
2

0
.3

1
1

 
2

0
.3

1
1

 
1

9
7

6
 

2
1

.8
7

7
 

2
1

.2
7

7
 

1
9

7
7

 
2

2
.3

5
0

 
2

2
.3

5
1

 
1

9
7

8
 

2
3

.4
8

6
 

2
3

.4
8

6
 

1
9

7
9

 
2

4
.6

9
7

 
2

4
.6

9
7

 
1

9
8

G
 

2
5

.9
8

5
 

2
5

.9
8

5
 

G
P

M
S

 
B

A
S

E
L

IN
E

 
E

X
P

E
R

IM
E

N
T

 
1

2
.7

2
0

 
1

2
.6

5
4

 
1

2
.8

6
4

 
1

2
.7

9
6

 

w 
B

A
S

E
L

IN
E

 
8

.9
4

1
 

9
.6

0
2

 
1

0
.3

6
4

 
1

1
.1

9
5

 
1

2
.0

9
9

 
1

3
.0

8
7

 
1

4
.1

6
9

 
1

5
.3

5
8

 

-P
N

 
E

X
P

E
R

IM
E

N
T

 
8

.9
4

2
 

9
.6

C
3

 
1

0
 -

3
6

4
 

1
1

.1
9

6
 

1
2

.1
0

0
 

1
3

.0
8

8
 

1
4

.1
7

0
 

1
5

.3
5

8
 

R
N

F
T

 



- 
I-------- n-------& 

C X I- X 
L i l l  a CL 
7 7 



T
A

aL
E

 8
 

C
a

n
t 
in

ue
d 

S
T

A
T

F
 

f'f'
 

C
A

L
.!

F
[I

,,
N

IA
 

--
:'

Y
td

A
M

IC
 

S
O

L
U

T
IO

N
 

O
F

 
T

H
E

 
S

IO
D

E
L

--
P

H
Y

S
IC

1
 

A
N

 
D

E
C

R
E

A
S

E
 

O
P

V
N

 
IR

F
G

 
tl

A
S

E
L

 I
N

!:
 

E
X

P
IT

H
 I

Y
E

N
T

 
B

A
S

E
L

IN
E

 
E

X
P

E
R

IM
E

N
T

 
1

0
 7
3
 

2
3

.C
U

0
 

21
'!.0
t%

; 
1

9
7

3
 

0
.4

1
4

 
0

.4
1

8
 

1
9

7
%

 
2

:?
. 

5
4

5
 

2
q
.
5
4
5
 

1
9

 7
 4

 
0
 
4
3
2
 

0
.4

4
0

 
1

'1
7

5
 

2
0

 .
0

8
 

1
 

2
0

.5
rI

l 
1

9
7

5
 

0
.4

3
0

 
0

.4
5

1
 

1
9

 Ti
, 

2 
1 

•
 4
 L: 

C,
 

2
1

.4
1

1
, 

1
9

7
6

 
0

.4
3

1
 

0
 

4
4

9
 





Comparative Desc r ip t i on  and Modeling f o r  
Organ iza t ion  of  Treatment and P r e v e n t i v e  Medical Care i n  

The European Region of WHO 

D.K.  S0k0l0V 

INTRODUCTION 

One of  t h e  prime t a s k s  s e t  o u t  i n  t h e  long-term S i x t h  
General  Program of Work of WHO i s  a s e a r c h  f o r  comple te ly  new 
ways o f  improving t h e  h e a l t h  c a r e  system, d i r e c t l y  l i n k e d  wi th  
t h e  h y g i e n i c  l i v i n g  c o n d i t i o n s  and t h e  economic, demographic, 
medico-geographic and o t h e r  f a c t o r s  a f f e c t i n g  t h e  l i v e s  of  t h e  
community. 

A s  app l i ed  t o  Europe, f a c t o r s  of t h i s  k ind  may inc lude :  

- S c i e n t i f i c  and t e c h n i c a l  p r o g r e s s  i n  i n d u s t r y  and a g r i -  
c u l t u r e ,  t h e  i n t e r n a t i o n a l  d i s t r i b u t i o n  of l a b o r ,  a 
h i g h l y  developed t r a n s p o r t  and communications network; 
and t h e  e x i s t e n c e  of  S t a t e s  w i t h  d i f f e r i n g  socio-eco- 
nomic systems and s t a n d i n g  a t  d i f f e r i n g  l e v e l s  o f  deve l -  
opment; 

- Urban iza t ion  and t h e  growth o f  c i t i e s ,  c a u s i n g  changes 
i n  human l i v i n g  c o n d i t i o n s ,  f o r  example, i n c r e a s e d  
psycho log ica l  s t r e s s  owing t o  t h e  growing speed o f  
modern l i f e ;  

- Changes i n  t h e  demographic s i t u a t i o n  and i n  f ami ly  l i v -  
i n g  c o n d i t i o n s ,  a c c e l e r a t e d  p h y s i c a l  and mental  deve l -  
opment o f  modern man and t h e  r e l a t i v e  ag ing  of  popula- 
t i o n s  ; 

- A l t e r a t i o n s  t o  t h e  h e a l t h  and way of  l i f e  of  t h e  cornrnu- 
n i t y ,  p a r t l y  d i sp l ayed  i n  t h e  r i s i n g  p r o p o r t i o n  of  
ch ron ic  d i s e a s e s ,  i n  t h e  spread  of  harmful h a b i t s  and 
i n  t h e  wide u t i l i z a t i o n  of e l e c t r i c i t y ,  chemica ls  and 
a r t i f i c i a l  m a t e r i a l s ;  and 

- Environmental p o l l u t i o n  and changes i n  c e r t a i n  eco log i -  
c a l  p r o c e s s e s ,  t h e  opening up of  new a r e a s ,  p a r t i c u l a r l y  
A r c t i c  a r e a s  which had p r e v i o u s l y  remained un inhab i t ed .  

N a t u r a l l y ,  such m a t t e r s  a r e  bound t o  a f f e c t  t h e  s t a t e  and 
shape  of medica l  c a r e  and t h e  methods of  d e l i v e r i n g  it t o  t h e  
community and of  o r g a n i z i n g  p u b l i c  h e a l t h .  



I f  we u s e  t h e  forms of  motion of  m a t t e r  a s  t h e  b a s i s  f o r  
subd iv id ing  t h e  fundamental s c i e n c e s ,  it i s  s imple  t o  p e r c e i v e  
medicine a s  l y i n g  between b io logy  and soc io logy ,  namely, mechan- 
i c s ,  phys i c s ,  chemis t ry ,  b io logy ,  medicine,  and soc io logy .  Con- 
t r a r y  t o  what happened i n  t h e  p a s t ,  s o c i a l  f a c t o r s ,  r a t h e r  t h a n  
b i o l o g i c a l  c o n s i d e r a t i o n s ,  a r e  now of prime importance i n  t h e  
development of h e a l t h  i n  g e n e r a l  and medicine i n  p a r t i c u l a r .  
The changes t a k i n g  p l a c e  i n  t h e  way i n  which medical  c a r e  i s  
o rgan ized  under t h e  impact of  t h e s e  s o c i a l  f a c t o r s  can  be  f o r -  
mulated i n  t h e  fo l lowing  manner: 

- The t r e n d  towards compar tmen ta l i za t i on  and t h e  s w i f t  
development of  t h e o r e t i c a l  and p r a c t i c a l  medic ine ,  whose 
o r g a n i z a t i o n a l  system h a s  d i f f e r i n g  p a t t e r n s  and s t a t u s  
a t  d i f f e r i n g  s t a g e s  o f  development i n  d i f f e r e n t  European 
c o u n t r i e s  ( S t a t e ,  i n su rance ,  p r i v a t e ,  e t c . ) ;  

- The i n c r e a s i n g  importance of t h e  p h y s i c i a n ' s  r o l e  i n  
modern s o c i e t y ,  accompanied, i n  a  number of  c o u n t r i e s ,  
by a  s h o r t a g e  of q u a l i f i e d  medica l ,  s c i e n t i f i c  and aux- 
i l i a r y  pe r sonne l  and by slow t r a i n i n g  r a t e s ;  

- The i n c r e a s i n g  deg ree  o f  s p e c i a l i z a t i o n  and t h e  r i s i n g  
c o s t  of medica l  c a r e ;  t h e  i n c r e a s i n g  s c a l e  on which 
technology i s  employed and t h e  growing s i z e  of h e a l t h  
c a r e  i n s t i t u t i o n s ;  new methods of c a r e  and p reven t ion  
of  d i s e a s e ,  i n j u r y  and d e g e n e r a t i v e  p roces se s ;  t h e  
s e a r c h  f o r ,  and wide a p p l i c a t i o n  o f ,  more e f f e c t i v e  
d rugs ;  

- The c o n c e n t r a t i o n  of  medical  i n s t i t u t i o n s  i n  urban  a r e a s ,  
uneven d e l i v e r y  o f  t r e a t m e n t  ahd p r e v e n t i v e  c a r e  t o  va r -  
i o u s  s o c i a l  c l a s s e s  and groups of t h e  community; and 

- The m u l t i t u d e  of modern h e a l t h  problems such a s  envi ron-  
mental  p r o t e c t i o n  o r  t h e  c o n t r o l  of epidemics t h a t  have 
changing p a t t e r n s  of g l o b a l  d i s t r i b u t i o n .  

A l l  t h e s e  changes can be  s u c c e s s f u l l y  handled through i n t e r -  
n a t i o n a l  coope ra t ion .  

One promising form of  coope ra t ion  i s  t o  make a  comparat ive 
s tudy  and model of  t h e  o r g a n i z a t i o n  of  p r e v e n t i v e  c a r e  and t r e a t -  
ment i n  d i f f e r e n t  a r e a s  of  t h e  European Region, t a k i n g  i n t o  
account  e x i s t i n g  economic and geograph ica l ,  s o c i a l  and hyg ien i c ,  
demographic and o t h e r  c o n d i t i o n s .  

To c a r r y  o u t  work of t h i s  k ind ,  t h e  m e r i t  o f  which was 
noted  by members o f  t h e  WHO Regional  Committee f o r  Europe a t  
t h e i r  meet ing a t  A l g i e r s  i n  September 1975, it i s  e s s e n t i a l  f i r s t  
of a l l ,  f o r  t h e  d i f f e r e n t  p a r t i c i p a n t s  t o  u s e  a  common t e rmino l -  
ogy. Th i s  p o s s i b i l i t y  now e x i s t s :  t h e  WHO Regional  O f f i c e  f o r  
Europe i s s u e d  i n  1975, a  s p e c i a l  Glossary  of Heal th  Care Termi- 
nology by James Hogarth, which, used i n  con junc t ion  w i t h  t h e  d i c -  
t i o n a r y  compiled e a r l i e r  by V.V. Guzov, p rov ides  a  good b a s i s  f o r  
unders tanding .  



Furthermore, over the last few years, the WHO Regional 
Office for Europe has accumulated considerable documentation 
about the development of health services in Europe. The study 
could therefore provide a logical continuation and synthesis of 
individual uncoordinated projects earlier implemented in the 
Reg ion : 

- The conference on health planning (Bucharest); 

- Work on the study and evaluation of health planning 
methods in different countries of the European Region; 

- Group work and courses on operational research and 
health planning; and 

- The study of "health services in Europe". 

In the execution of this type of work, it would be rational 
to use such new methods as: 

- Mathematical modeling, operational research, information 
retrieval; 

- Systems analysis, medico-economic accounting methods; 

- Futurology, modern planning and evaluation methods; and 

- A range of computer techniques. 

It is recommended that this work be carried out in conjunction 
with the International Institute for Applied Systems Analysis, 
Laxenburg, Austria. 

Implementation phases include: 

- Collection of (background) information for use in pre- 
paring a model (this phase has already been initiated); 

- The development of systems analysis plans, algorithms 
for solution and models (including mathematical models) 
(first two years) ; and 

- The search for optimum methods of solving the problem 
(subsequent years). 

We understand the study as being primarily concerned with the 
protection and continuing improvement of the health of every 
individual and of society as a whole in the light of the concept 
of health enshrined in the Constitution of WHO as "a state of 
complete physical, mental and social well-being and not merely 
the absence of disease or infirmity". 



This  t y p e  of modeling would permi t :  

- The development of a  m u l t i f a c t o r i a l  approach towards 
s o l v i n g  s t r a t e g i c  and p r a c t i c a l  problems faced  by theo- 
r e t i c a l  and p r a c t i c a l  medicine,  which may be u t i l i z e d  
by h e a l t h  agenc ie s  i n  any sphe re ,  t o  s e l e c t  t h e  b e s t  of 
t h e  v a r i o u s  o p t i o n s  ; 

- The development of recommendations on ways t o  improve 
medical  c a r e  and t o  c o o r d i n a t e  t h e  implementat ion of 
i n d i v i d u a l  programs a t  t h e  n a t i o n a l  and i n t e r n a t i o n a l  
l e v e l  ; 

- The s y n t h e s i s  and d i s semina t ion  o f  expe r i ence  acqu i r ed  
by i n d i v i d u a l  c o u n t r i e s  of  t h e  Region i n  s o l v i n g  a c t u a l  
medical  and h e a l t h  problems; and 

- The c r e a t i o n  of model h e a l t h  systems whose b a s i c  com- 
ponents  would r e f l e c t  t h e  s t r u c t u r a l  composit ion of  
e x i s t i n g  European medical  c a r e  systems.  

A s  a  s t a r t ,  t h e  fo l lowing p r i n c i p l e s  might be inco rpora t ed  
i n t o  t h e  model: 

- Community h e a l t h  p r o t e c t i o n - - t h i s  is  n o t  merely t h e  i n d i -  
v i d u a l  bus ines s  of  t h e  p a t i e n t  and h i s  phys i c i an ,  b u t  i s  
a  p r i o r i t y  f o r  s o c i e t y  and t h e  S t a t e  a s  a  whole. This  
p r i n c i p l e  i s  based on t h e  C o n s t i t u t i o n  o f  WHO, where it 
i s  s t a t e d :  "Governments have a  r e s p o n s i b i l i t y  f o r  t h e  
h e a l t h  o f  t h e i r  peoples  which can  be f u l f i l l e d  o n l y  by 
t h e  p r o v i s i o n  of  adequate  h e a l t h  and s o c i a l  measures".  

- The system must provide  t h e  community a s  f a r  a s  p o s s i b l e  
no t  only  wi th  modern and q u a l i f i e d  d i a g n o s i s  and t r e a t -  
ment of  d i s e a s e s  and c o n d i t i o n s  b u t  a l s o  wi th  a  widely 
based p reven t ive  system. It must a t  t h e  same t ime pro- 
mote environmental  h e a l t h .  The l a s t  named has  assumed 
p a r t i c u l a r  importance i n  t h e  l i g h t  of  t h e  t e c h n i c a l  d i s -  
cus s ion  a t  t h e  twenty-seventh s e s s i o n  of  t h e  World 
Heal th  Assembly ( 1 9 7 4 )  on t h e  r o l e  of h e a l t h  s e r v i c e s  
i n  p r e s e r v i n g  o r  r e s t o r i n g  t h e  f u l l  e f f e c t i v e n e s s  o f  
t h e  human environment i n  t h e  promotion of  h e a l t h .  

Whatever s p e c i a l  s i g n i f i c a n c e  may be a t t a c h e d  t o  ind i -  
v i d u a l  s e c t o r s  of  a  f u n c t i o n i n g  system, t h e  h i g h e s t  deg ree  
of  success  can be achieved on ly  through t h e  s t r eng then ing  
and development o f  each and every  s e c t o r ,  s o  t h a t  t h e  
a c t i v i t i e s  of h e a l t h  agenc ie s  and e s t ab l i shmen t s  a r e  
based on a  h i g h l y  developed economy, s c i e n t i f i c  and mate- 
r i a l  p rog res s ,  a  wide network o f  medical  i n s t i t u t i o n s  
f u l l y  s t a f f e d  wi th  q u a l i f i e d  personnel ,  t h a t  have a t  
t h e i r  d i s p o s a l  t h e  necessa ry  technology,  equipment, in-  
s t rumen ta t ion  and s u p p l i e s  and cont inuous  improvement i n  
t h e  p u b l i c ' s  p r a c t i c e  and unders tanding  of  h e a l t h f u l  
behavior .  



The f u t u r e  u s e  of  modeling w i l l  promote t h e  s u c c e s s f u l  i m -  
p lementa t ion  o f  t h e  programs envisaged  by t h e  WHO Regional  O f f i c e  
f o r  Europe f o r  t h e  pe r iod  1978-1983.  

I n  a d d i t i o n  t o  p e r m i t t i n g  t h e  development of  compara t ive  
i n d i c a t o r s  f o r  f u n c t i o n i n g  systems i n  d i f f e r e n t  c o u n t r i e s  and 
a more a c c u r a t e  assessment  o f  c u r r e n t  r e s u l t s ,  it w i l l  c o n t r i b -  
u t e  t o  a convergence o f  views on t h e  p r o t e c t i o n  of  community 
h e a l t h .  





The Health System: Boundaries, Supports and Dynamics? 

Mark G.  F ie ld  

I n  a s e r i e s  of papers w r i t t e n  e a r l i e r  [I-101, I have def ined 
and examined t h e  "hea l th  system" from a s o c i o l o g i c a l ,  macro- 
scopic  viewpoint, and have at tempted t o  move forward toward t h e  
concep tua l i za t ion  of t h a t  system, p a r t i c u l a r l y  a t  t h e  n a t i o n a l  
and a t  t h e  t r a n s n a t i o n a l ,  comparative l e v e l ,  a s  an input-  
throughput-output s o c i e t a l  mechanism. The purpose of t h i s  paper 
i s  t o  o u t l i n e  b r i e f l y  t h e  major a spec t s  of t h e  conceptual iza t ion 
s o  f a r ,  t o  pose a s e r i e s  o f ' q u e s t i o n s ,  and t o  a t tempt  t o  s e e  
whether o r  not  one can glimpse common t r a i t s  and f e a t u r e s  i n  t h e  
h e a l t h  systems of na t iona l  i n d u s t r i a l  s o c i e t i e s ,  and perhaps a 
d r i f t  toward a "convergence" both i n  t h e  na tu re  of t h e  h e a l t h  
problems faced and i n  t h e  type of  h e a l t h  systems t h a t  a r e  l i k e l y  
t o  emerge o r  be devised i n  such s o c i e t i e s .  I f  one can s e e ,  and 
document, t h e  p l a u s i b i l i t y  of such a convergence (convergence 
def ined wi th in  broad l i m i t s ,  of c o u r s e ) ,  then na t ions  might be 
b e t t e r  prepared t o  p lan f o r  t h e i r  f u t u r e  h e a l t h  s e r v i c e s .  

A GENERAL SOCIOLOGICAL VIEW OF HEALTH AND ILLNESS 

The view t h a t  I have espoused i n  t h i s  work is  t h a t  a c r i t i -  
c a l  a spec t  of any s o c i a l  system o r  human grouping whatever i t s  
s i z e  o r  complexity, i s  t h e  concept of r o l e ,  and, p a r t i c u l a r l y ,  
t h e  concept of t h e  performance of s o c i a l l y  expected r o l e s  on 
which s o c i e t y  depends. 

Capacity t o  perform, (whether it be t h e  performance of phys- 
i c a l ,  mental ,  o r  a combination of both,  t a s k s )  may t h u s  be seen 
a s  a natural resource of soc ie ty .  

This  "capacity-to-perform" resource ,  we may c a l l  "hea l th" .  
Like any o the r  resource ,  it i s  n e i t h e r  inexhaus t ib le  nor i n f i n i t e .  
Since t h e  capaci ty  t o  perform s o c i a l  r o l e s  i s  dependent both 
upon phys ica l  and mental well-being, it is  f u l l y  j u s t i f i e d  t o  
bracket  somatic and psychic h e a l t h  a s  p a r t  of t h e  resources  of 
s o c i e t y ,  and indeed, it is  l i k e l y  t h a t  a s  s o c i e t y  becomes in-  
c r e a s i n g l y  dependent on nonhuman sources of physical  power and 
of simple types  o f  mental a c t i v i t i e s ,  mental h e a l t h ,  ( including 

W h i s  paper i s  based, f o r  t h e  most p a r t ,  on work supported by 
Grant HS 00272 from t h e  National  Center f o r  Health Serv ices  
Research, HRA, DHEW e n t i t l e d  "Comparative Health Systems: Dif- 
f e r e n t i a t i o n  and Convergence". 



per sona l  s t a b i l i t y  and o r g a n i z a t i o n ) ,  w i l l  assume g r e a t e r  impor- 
t a n c e  i n  t h e  mix of  a c t i v i t i e s  aimed a t  d e a l i n g  wi th  impairments 
t o  t h e  h e a l t h  r e source .  

There i s  t h u s  a  s o c i e t a Z  a s p e c t  t o  h e a l t h  and i l l n e s s  t h a t  
t r anscends  t h e  i n d i v i d u a l ,  c l i n i c a l ,  s i d e .  Although it i s  t r u e  
t h a t  most s o c i e t i e s ,  p a r t i c u l a r l y  i n d u s t r i a l  ones ,  tend  t o  be 
more concerned w i t h  t h e  impact o f  i l l - h e a l t h  on economic occupa- 
t i o n a l  r o l e s  t han  on o t h e r  r o l e s ,  f a i l u r e  t o  perform i n  any 
sphere  may be d e v a s t a t i n g  ( t h e  s i c k  mother, f o r  example) .  

Inasmuch a s  r o l e  performance i s  a  u n i v e r s a l  phenomenon of  
s o c i a l  groups ,  morbid i ty  i s  a l s o  a  u n i v e r s a l  f u n c t i o n a l  phenom- 
enon g iven  t h e  p r i n c i p a l  and psycho log ica l  n a t u r e  o f  human a c t o r s .  
It i s  i n  t h e  response  t o  t h a t  u n i v e r s a l  f u n c t i o n a l  problem t h a t  
one s e e s  an  amazing d i v e r s i t y  and range  o f  d e f e n s i v e  behaviors  
and s t r u c t u r e s .  Broadly speaking ,  such responses  can be con- 
c e p t u a l i z e d  i n  a t  l e a s t  f o u r  l e v e l s ,  on ly  t h e  l a s t  two o f  which 
need concern u s  he re :  p h y s i o l o g i c a l  homeosta t ic  processes ,  
p sycho log ica l  de fense  mechanisms, c u l t u r a l  and s o c i o - s t r u c t u r a l  
responses .  The c u l t u r a l  response  c o n s i s t s  of  t h e  d e f i n i t i o n s  
and symbolic meanings o f  i l l - h e a l t h  e l abora t ed  by t h e  s p e c i f i c  
group and o f  t h e  means of  a t t empt ing  t o  d e a l  w i t h  it, whether 
t h e s e  be r e l i g i o u s ,  magical ,  suppor t ive-psychologica l  o r  tech-  
n ica l -medica l  o r  most l i k e l y ,  a  combination of  t hese .*  The 
s o c i o l o g i c a l - s t r u c t u r a l  response  c o n s i s t s  o f  t h e  a c t u a l  a r range-  
ments, t h e  commitments ( i d e o l o g i c a l  and p o l i t i c a l ) ,  t h e  r e s o u r c e s  
(human and m a t e r i a l )  o r  t h e  " inves tments"  any s o c i e t y  o r  sub- 
group has  earmarked o r  s e t  a s i d e  s p e c i f i c a l l y  and formal ly  t o  
d e a l  w i th  t h e  i l l - h e a l t h  q u e s t i o n .  I n  t h e  aggrega te ,  t hey  con- 
s t i t u t e  t h e  h e a l t h  " s e c t o r " ,  "program" o r  "system" of  any s o c i e t y  
o r  p a r t  t he reo f  (F igu re  1 ) . 

Genera l ly  speaking ,  t h e  h e a l t h  system c o n s i s t s  o f  two t y p e s  
of i n t e r n a l  elements  and one e x t e r n a l  element. The i n t e r n a l  
elements  a r e  t h e  arrangements f o r  t h e  r e c r u i t m e n t ,  t r a i n i n g  and 
deployment o f  personnel  ( p r o f e s s i o n a l  and n o n p r o f e s s i o n a l ) ;  t h e  
o t h e r  i n t e r n a l  element  i s  r e s e a r c h  o r  t h e  e l a b o r a t i o n  o f  a v a i l -  
a b l e  knowledge and technology f o r  a p p l i c a t i o n  t o  i l l n e s s  s t a t e s .  
The e x t e r n a l  element ,  which w e  may c a l l  h e r e  " s e r v i c e s " ,  c o n s i s t  
o f  what h e a l t h  personnel  and i n s t i t u t i o n s  o f  t h e  h e a l t h  system 
a c t u a l l y  do t o  d e a l  wi th  i l l - h e a l t h  o r  premature m o r t a l i t y .  

These s e r v i c e s  o r  p r a c t i c e s  c o n s i s t ,  i n  t h e  main and i n  
modern s o c i e t y ,  o f  t h e  a p p l i c a t i o n  o f  s i x  major m o d a l i t i e s :  
p reven t ion ,  d i a g n o s i s ,  t r ea tmen t ,  r e h a b i l i t a t i o n ,  cus tody,  and 
h e a l t h  educat ion .  The t o t a l i t y  o f  t h e s e  s e r v i c e s  o r  p r a c t i c e s  
c o n s t i t u t e  t h e  Gross Medical Product  (GMP) o f  t h e  s o c i e t y .  That  
Gross Medical Product  i s  concerned wi th  t h e  f i v e  D ' s  (Death, 

*For a  more d e t a i l e d  d i s c u s s i o n  o f  t h e s e  responses ,  s e e  [ I ] .  
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Disease ,  D i s a b i l i t y ,  Discomfort and D i s s a t i s f a c t i o n )  or--and 
t h i s  i s  q u i t e  fundamental--with whatever  a  s o c i e t y  o r  a  group 
d e f i n e s  a s  i t s  " h e a l t h  problems". There is indeed a  t r e n d  i n  
modern s o c i e t y  toward t h e  "med ica l i za t i on"  of  a  s e r i e s  o f  prob- 
lems,  whether  t h e s e  be mental  i l l n e s s  (mentioned e a r l i e r ) ,  a l co -  
hol ism, j u v e n i l e  del inquency and cr ime and even r e c e n t l y ,  a t  
l e a s t  i n  t h e  United S t a t e s ,  h y p e r a c t i v i t y  among c h i l d r e n .  

Thus, t h e  v e r y  q u e s t i o n  o f  t h e  mandate o f  t h e  h e a l t h  sys-  
tem and t h e  l i m i t s  o f  i ts  l e g i t i m a t e  r e s p o n s i b i l i t i e s  a r e  moving 
t a r g e t s  t h a t  make a n a l y s i s  d i f f i c u l t  and t ime  bound. I t  goes  
w i thou t  s ay ing  t h a t  a n  enlargement  of t h e  mandate of  t h e  h e a l t h  
s e c t o r  th rough m e d i c a l i z a t i o n  ( a s  w e l l  a s  p o s s i b l e  sh r inkages  
of t h a t  mandate, f o r  example, fo l l owing  t h e  d e c l i n e  of t h e  pre-  
va l ence  o f  t u b e r c u l o s i s  o r  p o l i o m y e l i t i s ,  o r  more r e c e n t l y ,  i n  
t h e  United S t a t e s  a t  l e a s t ,  t h e  demed ica l i za t i on  of  homosexual- 
i t y )  w i l l  a f f e c t  t h e  s i z e  of t h e  h e a l t h  system. 

BOUNDARIES 

Perhaps t h e  fo l lowing  c l a s s i f i c a t i o n  f o r  i n c l u s i o n  w i t h i n  
t h e  h e a l t h  system might be  hazarded,  p r e l imina ry  t o  a  more de- 
t a i l e d  i nven to ry .  

F u l l  

These components a r e  bo th  human and m a t e r i a l .  A t  t h e  human 
l e v e l ,  t hey  inc lude  phys i c i ans  i n  a l l  c a t e g o r i e s  and s p e c i a l i t i e s ,  
d e n t i s t s  and o t h e r  p r o f e s s i o n a l l y  q u a l i f i e d  pe r sonne l  concerned 
w i t h  h e a l t h ;  h e a l t h  a d m i n i s t r a t o r s  and managers; n u r s e s ,  midwives, 
l i c e n s e d  p r a c t i c a l  n u r s e s ,  a s s o c i a t e  and a s s i s t a n t  p h y s i c i a n s ,  
x-ray t e c h n i c i a n s ,  medical  d i e t i t i a n s  and l i b r a r i a n s ;  and, a l l  
t h o s e  who, though n o t  t r a i n e d  s p e c i f i c a l l y  f o r  a  h e a l t h - r e l a t e d  
occupa t ion ,  a r e  working i n  a  s u p p o r t i v e  occupa t ion  w i t h i n  t h e  
h e a l t h  system and t h u s  d i r e c t l y  o r  i n d i r e c t l y  involved  i n  f a sh -  
i o n i n g  a  "medical product"  and t h u s  c o n t r i b u t i n g  t o  t h e  GMP: 
ambulance d r i v e r s ,  h o s p i t a l  cooks,  plumbers, c a r p e n t e r s  t o g e t h e r  
w i t h  j a n i t o r s ,  s e c r e t a r i e s ,  f i l i n g  c l e r k s ,  a t t e n d a n t s ,  o r d e r l i e s ,  
e t c .  The l ist  i s  e x t e n s i v e  and,  indeed ,  growing, a s  t h e  h e a l t h  
s e c t o r  i n c r e a s e s  i n  s i z e  and becomes i n t e r n a l l y  i n c r e a s i n g l y  
d i f f e r e n t i a t e d .  Indeed,  i n  t h a t  corpus  o f  personnel  j u s t  men- 
t i o n e d ,  p h y s i c i a n s  and t h e  p r o f e s s i o n a l l y  q u a l i f i e d  now c o n s t i -  
t u t e  on ly  a  s m a l l ,  though dominant,  m i n o r i t y  of  about  15  per- 
c e n t  o f  a l l  t h o s e  i n  t h e  h e a l t h  system i n  most i n d u s t r i a l  soc i -  
e t i e s ;  and t h e  prognos is  is t h a t  t h i s  f i g u r e  may s h r i n k  even 
f u r t h e r .  I n  t h e  p h y s i c a l  o r  m a t e r i a l  c a t ego ry ,  I would inc lude  
t h e  medical  and a l l i e d  f a c i l i t i e s  and t h e  i n s t r u m e n t a l i t i e s  i n  
and by means o f  which h e a l t h  pe r sonne l  perform t h e i r  mandated 
func t ions :  t h e  h o s p i t a l s  of  a l l  c a t e g o r i e s  ( long-term o r  c h r o n i c ,  
shor t - te rm,  i n t e n s i v e  c a r e ,  s p e c i a l i z e d ,  mental  and s o  o n ) ;  t h e  
o u t - p a t i e n t  c l i n i c s ,  p o l y c l i n i c s  and sc reen ing  c e n t e r s ;  t h e  p r i -  
v a t e  o f f i c e s  o f  p h y s i c i a n s  a t  t h e i r  homes o r  i n  t h e  community; 



t h e  whole panoply of medical instruments from t h e  lowly c l i n i c a l  
thermometer o r  s te thoscope t o  t h e  most s o p h i s t i c a t e d  achieve- 
ments of  biomedical technology--transplantat ion and open h e a r t  
surgery u n i t s .  This  would a l s o  include t h e  p r e s c r i p t i o n  i tems 
and o t h e r  pharmaceuticals  physic ians  use i n  t h e i r  p r a c t i c e s .  
I t  should be noted t h a t  t h i s  is an i n c l u s i v e  ca tegory making no 
d i s t i n c t i o n  between p r i v a t e ,  voluntary o r  pub l i c  i n s t i t u t i o n s  
o r  c a t e g o r i e s  of  p a t i e n t s  o r  condi t ions  t r e a t e d .  

P a r t i a l  

These a r e  components t h a t  usua l ly  straddle t h e  h e a l t h  and 
nonhealth s e c t o r s  where a  judgment must be made a s  t o  what pro- 
por t ion  of  t h e  component is p a r t  of t h e  h e a l t h  system. For 
example, i n  t h e  United S t a t e s ,  t h e  pharmacists  working i n  a  
h o s p i t a l  would without ques t ion  be included under t h e  full c a t -  
egory. But where i s  t h e  pharmacist t o  be f i t t e d  who e i t h e r  
owns o r  works i n  a  drugstore  and who, makes up phys ic ians '  
p r e s c r i p t i o n s  i n  add i t ion  t o  s e l l i n g  c i g a r e t t e s ,  candy and t o i -  
l e t r i e s ?  I t h i n k  t h a t  one would have t o  regard t h e  time spen t  
on t h e  former t a s k  a s  p a r t  of t h e  hea l th  system; t h e  l a t t e r  
would n o t  be included.  What about t h e  s o c i a l  worker? Here 
again ,  a t t r i b u t i o n  o f  time is d i f f i c u l t ,  s i n c e  one might argue 
t h a t  every aspect  of  t h e  c l i e n t ' s  l i f e  has a  p o t e n t i a l  bear ing 
on h e a l t h .  And what of  cons t ruc t ion  indus t ry  which b u i l d s  hos- 
p i t a l s ,  t h e  chemical indus t ry ,  indispensable  f o r  pharmaceuticals ,  
t h e  t r a n s p o r t a t i o n  network wi thout  which ambulances would be 
u s e l e s s  o r  even a g r i c u l t u r e  which produces, among o t h e r  t h i n g s ,  
t h e  pancreas needed f o r  i n s u l i n ?  I n  a l l  these  cases  one might 
say t h a t  a  c e r t a i n  propor t ion should be included under t h e  
h e a l t h  system. 

Indeterminate 

These a r e  t h e  elements t h a t  have a  bearing on h e a l t h  and 
t h e  func t ions  of t h e  hea l th  system, without being unequivocally 
a  p a r t  of  it; t h e i r  con t r ibu t ion  is so  in ter twined wi th  o t h e r  
elements t h a t  it is  d i f f i c u l t  t o  determine i t s  s i z e  wi th  any 
degree  uf accuracy. Among tTiese, c e r t a i n l y  t h e  "environment" 
p lays  a  c e n t r a l  r o l e  and, i n  t h e  eyes of some obse rvers ,  t h e  
determining element i n  e i t h e r  t h e  e t io logy  and/or t rea tment  of 
a  l a r g e  v a r i e t y  of condi t ions .  It has been s t a t e d  r e c e n t l y  
t h a t  about 80 pe rcen t  of t h e  va r i ance  i n  cancer can be a t t r i b -  
uted t o  t h e  n a t u r e  of t h e  mi l i eu  i n  which t h e  poeple l i v e  i n  
i n d u s t r i a l i z e d  and urban s o c i e t i e s  and t h a t  a  " so lu t ion"  t o  
t h e  problem w i l l  have t o  be found t h e r e ,  r a t h e r  than i n  v i r a l  
r e sea rch ,  f o r  example. The environment a s  a  " the rapeu t i c  mileau" 
i s ,  of  course ,  a  very o l d  not ion,  going back t o  Hippocrates,  and 
is  wel l  e s t a b l i s h e d  i n  psychia t ry .  I t  i s ,  however, a  ques t ion  
t o  what ex ten t  of  t h e  environment can be s a i d  t o  be p a r t  of t h e  
h e a l t h  system. Other indeterminate  elements are :  t h e  l e v e l  of 
economic well-being of a  population;  n u t r i t i o n a l  s u f f i c i e n c y  



or insufficiency particularly as it applies to infants and young 
children whose mental, intellectual and emotional development 
can be affected by both undernourishment or cultural malnutrition 
(for example, what happens to young children who spend hours in 
front of an electronic baby-sitter-television?). Granted that 
every aspect of society has potentially, an impact of the health 
of its people, such a view is hardly useful in an analytical and 
systems approach and in attempting to calculate the size and the 
types of supports the health system requires to operate. 

SUPPORTS 

To an important degree, establishing what we mean by the 
"health system", and delineating its responsibilities, should 
serve as a guide, within a general framework of cultural values, 
goals and available resources, to the kinds of structural sup- 
ports necessary to the maintenance and the functioning of that 
system. 

I have previously delineated what I felt were the four 
major types of structural supports necessary to maintain a dif- 
ferentiated and identifiable subsystem of society such as the 
health system. They are summarized below. 

The first is legitimacy which includes mandate, responsi- 
bility, information on health problems, and so on. By legiti- 
macy I mean much more than "legality". It is a term that de- 
fines the existence and the activities of a sector of a society 
and its practitioners as proper. It is not only "proper" for 
a surgeon to bring cold steel to live flesh, but often mandatory: 
a surgeon who, in some circumstances, failed to plunge a scalpel 
into a patient's body might be accused of negligence, whereas 
anyone outside of medicine might be accused of attempted murder. 
I think that the legitimacy input is an important one, in view 
of the fact that in no country yet (I believe) does the entire 
population accept 'scientific medicine" and the scientific med- 
ical culture as taught in the medical schools and practiced in 
the health system as the only one universally and exclusively 
valid. Given the uncertainty of outcome and the need of patients 
for emotional comfort and reassurance, scientific medicine often 
fails to provide the answers. 

The closeness of religion and medicine (particularly in 
the past) does not have to be emphasized; the importance of 
"magic" even in the most modern health system, and the existence 
of a variety of competing medical cultures rooted in traditional 
or folk medicine, as well as the survival in most societies of 
quacks or charlatans, points to the significance of that input. 

The second type is k n o w l e d g e  which is sometimes known as 
the art and science of medicine (or healing). This is essen- 
tially a "cultural" resource--i.e., a nonfinite resource, in 
that once knowledge or technique has been developed, it can be 



applied over and over again. It is a dynamic and even revolu- 
tionary element, particularly the unfolding of scientific medi- 
cine over the last hundred years; it is constantly evolving and 
easily diffused, even across national boundaries, and is depen- 
dent on the state of science and of technology in the world at 
large. Although this input is, as I said, nonfinite in the cul- 
tural sense, its availability and its applications involve in- 
creasing and seemingly endless investments of personnel efforts 
and material resources, thereby increasing the "bill" society 
must pay for its health services. 

Manpower is another type of support that is (in theory at 
least) much easier to quantify than the first two above, and 
one whose rate of growth and attrition requires constant new 
inputs in the form of recruits into the various schools that 
prepare them for careers in health. Such quantification requires 
first a qualitative listing and differentiating among different 
types of personnel and secondly a count of each category and 
subcategory. At any one time, it is thus possible to calculate 
what percentage of the total labor force, or of the active labor 
force, is employed by the health system. 

The last support, material resources, covers the wide range 
of physical means the health system requires in order to func- 
tion. Basically, these can be expressed in monetary values and 
calculated as part of the Gross National Product. In view of 
the fact that health services tend to be labor intensive, the 
size of money transfers to personnel is relatively large. In 
addition, contrary to the usual experience in industry, the in- 
troduction of capital equipment in the health field is not nec- 
essarily labor saving; in many instances such an introduction 
leads to an increased labor input. The reasons for the utiliza- 
tion of a great deal of equipment and the cost-benefit calcula- 
tions in the health field are quite different from industry. It 
would lead me too far afield to open up here the question of the 
"rational calculability" of capital investments in the health 
field, since here I am only concerned with the size and the na- 
ture of the flow of material or financial resources into the 
health system, rather than the gates controlling this flow. All 
I would like to add here is that there is a "moral" pressure 
arising from the availability of procedures, techniques, and 
instruments in the sense that once a new procedure or instrument 
has been developed it is impossible for the physician to say to 
a patient, "Medicine knows of no way of helping you." But the 
application of that new way (for instance renal dialysis) is 
likely to be very costly and to entail important "opportunity 
costs". 

The structural supports listed are problematic and must be 
the subject of greater investigation to understand the health 
system qua system and to locate it among other differentiated, 
but complementary, social subsystems, such as education. It is 
necessary to examine how the competition among subsystems for the 
allocation of scarce resources is regulated: is it the result of 



mutual adjustments, of demand and supply (often supply determines 
demand), of political adjustments or of conscious planning by a 
central authority? We must reconstruct not only the amount of 
available resources, but also the relative priority of the health 
system in the total social system and finally the quid pro quo 
under which the health system operates in any society, i.e., its 
efficiency in dealing with the problems it is mandated to cope 
with. 

What is needed is a test of the null hypothesis formulated 
as follows: suppose that at a given time the entire health sys- 
tem of society A ceases to function altogether. 

What would happen? 

Fundamentally, there are three possible results: 

- The health status of the population is negatively 
af f ected; 

- Life goes on pretty much as before; and 

- The population's state of well-being improves. 

The first possibility which is the one on which the exis- 
tence of the health system is predicated, shows the effective- 
ness of the health system, by demonstrating the negative conse- 
quences when its functions cease. The second possibility would 
demonstrate the waste of all resources invested in the system, 
the major function of which would then be described as providing 
employment for health personnel. The last possibility illustrates 
the idea that the health system is counter-productive. 

It has been reported (apocryphally, no doubt) that mortality 
went down when doctors struck in Saskachewan and that the health 
level of the American population actually rose during World War 
I1 when a great many physicians were away in the armed forces. 
One increasingly sees, in the industrialized world, attacks on 
the health (or the medical) establishment that parallel the anti- 
clericalism of earlier days. Critics (e.g. [ I l l )  portray the 
health system as a fraud, perpetrated by a self-renewing and 
self-governing medical elite that is beyond self-evaluation and 
criticism*, and call for the demystification of medicine, for 
simple remedies, self-treatment, community treatment and so on. 
Such criticism has enough validity to raise doubts about assump- 
tions that seemed beyond challenge at an earlier time. 

*(Footnote nex-t page.) 



Closely allied to this last point is the more complex ques- 
tion of the degree to which a society, or parts of it, deliber- 
ately or unknowingly creates madness or illness which it then 
sets out to treat. It is clear that no simple answer can be 
given to these questions. However, they serve to remind us of 
the basic complexity of concepts such as "ill-health", and to 
the naivetg of imagining that in most instances these states are 
easily definable and can be solved by the technological fix. 

DYNAMICS 

As with any other part of the social system, examining the 
health system is like looking at a slowly moving target. The 
further we try to see into the future the more our vision is 
subject to distortion. But perhaps a view of the past helps to 
make our guesses better informed. 

Perhaps the most significant development of the past 100 
years has been the industrialization and urbanization which has 
transformed society and has been accompanied by scientific devel- 
opments and technological applications in all spheres of life, 
including medicine. To some degree, this development has been 
extraordinarily beneficial to the treatment and prevention of a 
whole series of diseases and has made the protection of health 
an increasingly effective aspect of the modern world. However, 
it has also led to a series of problems due to the fact that the 
worldwide infatuation with technology and the many devices in- 
troduced in the care of the sick has somehow deflected medicine 
from concern with man as a sentient human being and has led to 
what the Soviets and others have sometimes labelled "veterinary 
medicine1'--and exaggerated emphasis on man as an organ system. 

*In an earlier, traditional type of society, there was a strong 
belief in an after-life. Access to this after-life was controlled 
by the priesthood and the church. Martin Luther attacked the 
Catholic Church, among other things, because it intervened be- 
tween man and God, and made man's salvation dependent on the in- 
tercession of the Church. In the modern secular world, there is 
a strong belief in only one life and that man passes this way 
but once. Hence the importance of the medical profession (and 
the unimportance of the clergy) which claims it can preserve, 
enhance, and lengthen this "one-opportunity" thing. And the 
attacks of Illich aim precisely at removing the "medical priest- 
hood", which he claims has "expropriated" health, establishing 
again a direct relationship between man and his health. As Illich 
[Ill pointed out in a recent public lecture at Boston University, 
in Spanish the word for health and for salvation is the same 
( s a Z u d )  . 



It is symptomatized by the trend toward increasingly- narrow 
specialisms in medicine--what I call the "upper left nostril 
specialist". 

The consequent lack of concern about the patient as a whole 
person has, in my mind, both emotional and technical consequences. 
There are emotional consequences in the sense of increased es- 
trangement of the patient who already lives in an alienating 
society, and who expects from the health system, and from the 
physician particularly, a counter to that trend. This is the 
result of what might be called the modern "medicine of the ab- 
surds'--a Kafkaesque combination of biomedical abundance in the 
midst of therapeutic poverty. The reawakening interest in gen- 
eral practice and the continued popularity of healers and char- 
latans who provide an emotional input to the patient are evidence 
of this problem. 

There are technical consequences in the sense that an in- 
creased internal differentiation of the health system through 
an advanced division of medical labor needs a parallel dedif- 
ferentiation or generalization if only to integrate the increas- 
ingly fractionated and splintered outputs of specialized health 
personnel. 

The second trend is the increased size of the health system 
compared to other systems in industrial societies: for example, 
in the United States, the percentage of the GNP invested in 
health has doubled in the last forty years; health care is prob- 
ably the largest single employer and expenditures on health are 
greater than those on defense. The question is: will this con- 
tinue and, if so, at what opportunity cost? 

My impression is that there will be increased questioning 
about the wisdom of expenditures on the health system, a call 
for a review of its actual impact on the health of the popula- 
tion, and increasing pressures for it to become more cost-con- 
scious and better organized perhaps through regionalization and 
a more effective utilization of available human and material 
resources. This will lead to an increased bureaucratization of 
health services, with a corresponding decrease in private entre- 
preneurial medicine. 

I foresee that an important issue will be the management of 
a very complex health establishment. This complexity must be 
seen both as an extension of specialism and superspecialism 
(among physicians and nurses particularly) and an increase in 
the number of levels of personnel working in the health system, 
leading to the downward transfer of functions to those with less- 
er qualifications so that the more highly qualified can concen- 
trate on these specific functions they alone are able or are 
allowed to perform. Such "deskilling" raises a whole host of 
problems relating to what T.R. Fox calls the "greater medical 
profession". 



Closely linked with this question is the future role of the 
hospital. In the historical perspective, the hospital has fol- 
lowed the development of large manufacturing plants, in the 
division of labor and the use of capital equipment that would 
be uneconomic for single practitioners or even small groups of 
such practitioners. One can claim economies of scale up to a 
certain point but beyond this, problems of diminishing returns 
of over-complexity and bureaucratization begin to affect the way 
in which large organizations discharge their functions. 

Then there is the question of the medicalization of society's 
social and other problems. I think this issue may be conceptu- 
alized in two conflicting views: the first is that the doctor 
has received an expensive training in the somatic aspects of dis- 
ease and thus his responsibility should be primarily individual 
and clinical; he should let someone else worry about other ques- 
tions and problems. 

The other view is that illness cannot be conceived within 
such a narrow framework which would be like trying to bail an 
endlessly leaking boat instead of repairing the leaks. The lat- 
ter view is in line with the traditional thinking of preventive 
and social medicine, but with a broader concern about society's 
production of illness and a focus on "health" rather than "sick- 
ness". I think this dialogue must be considered an important 
element of the internal dynamics of the health system. 

Any conceptualization of the health system must also take 
into account the effective demand for health services of all 
types; it must consider the demographic changes brought about 
by industrialization and to a large extent by medical achieve- 
ments (particularly the increasing numbers of old people), and 
it must reckon with the fact that demand is fuelled by ideolog- 
ical, political and indeed functional considerations. Thus to 
an important degree, the health system is continually affected 
by the external dynamics operating in society and in the world 
at large. 

And finally, it seems to me, that an examination of the 
development of the health systems of several major industrial 
societies with different backgrounds, histories and cultures, 
suggests that with time the problems and the solutions that 
these societies apply and will apply to their health problems 
tend to increasingly resemble each.other; that the options avail- 
able to them are narrowing; and that in the future these health 
systems will have more and more elements in common than differ- 
ences. If this "convergence" hypothesis should prove correct, 
it might have a predictive value of some usefulness. 
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The Concept o f  P o s i t i v e  Hea l t h  and t h e  P l a n n i n q  

Of Hea l t h  Ca re  Systems 

David Cardus and Rober t  M. T h r a l l  

The economic l o s s  caused  by d e a t h  i s  i n e v i t a b l e  and unim- 
p o r t a n t  a s  compared t o  t h e  economic s o c i a l  burden of d i s e a s e .  
T h i s  f a c t  ha s  s t i m u l a t e d  i n t e r e s t  i n  t h e  a n a l y s i s  and d i s c u s s i o n  
of  i n d i c a t o r s  o f  " h e a l t h "  a s  o b j e c t i v e  means o f  e v a l u a t i n g  t h e  
h e a l t h  s t a t u s  o f  human communit ies  a t  c e r t a i n  p o i n t s  i n  t i m e .  
The c o n c e p t  o f  h e a l t h  i s ,  i ndeed ,  an e l u s i v e  one ,  and perhaps  
f o r  t h i s  r e a s o n  h a s  been f r e q u e n t l y  ban ished  from p r a c t i c a l  con- 
s i d e r a t i o n ,  b u t  t o  c o n t i n u e  t o  d i s r e g a r d  it might  e n t a i l  unde- 
s i r a b l e  consequences .  

ON THE CONCEPT OF HEALTH 

S e v e r a l  q u e s t i o n s  have been r a i s e d  i n  a t t e m p t i n g  t o  d e f i n e  
h e a l t h .  One of  them is ,  " I s  it p o s s i b l e  t o  d e f i n e  h e a l t h ? "  
Another  i s ,  " I s  it n e c e s s a r y  t o  d e f i n e  it i n  o r d e r  t o  measure 
i t ? "  

W e  w i l l  set a s i d e  t h e  q u e s t i o n  of whether  o r  n o t  it i s  pos- 
s i b l e  t o  d e f i n e  h e a l t h .  The m u l t i p l e  a t t e m p t s  i n  r e c e n t  l i t e r a -  
t u r e  t o  d e f i n e  h e a l t h  [ 7 , 8 , 11 ,30 ,40 ,41 ]  i n d i c a t e  t h a t  i n  t h i s  
a r e a ,  a s  i n  o t h e r s ,  t h e r e  a r e  o p t i m i s t s  and p e s s i m i s t s .  W e  w i l l  
l a y  a s i d e  t h e  q u e s t i o n  because  t h e  d i s c u s s i o n  is  fundamen ta l l y  
p h i l o s o p h i c a l  and t h i s  Conference  might  n o t  s e e m  t h e  p rope r  p l a c e  
t o  spend t i m e  on it. Another ,  more impor t an t ,  r e a s o n  f o r  avo id -  
i n g  a  p r e c i s e  d e f i n i t i o n  i s  t h a t  t h e  development  o f  measurements 
o f  h e a l t h  may n o t  r e q u i r e  a  d e f i n i t i o n  on  which t h e r e  i s  t o t a l  
agreement .  The d i f f i c u l t i e s  o f  measuring h e a l t h  may be ana logous  
t o  t h e  d i f f i c u l t i e s  o f  d e f i n i n g  t i m e .  Al though t i m e ,  a s  a n  
i ndependen t  e n t i t y ,  ha s  n o t  been d e f i n e d ,  t h i s  h a s  n o t  p r even t ed  
t h e  development  o f  m u l t i p l e  p rocedu re s  f o r  measur ing  it. The 
concep t  o f  h e a l t h  is p robab ly  a l s o  a  r e l a t i v e  one ,  f o r  which t h e  
r e l a t e d  d imens ions  must b e  d i s c o v e r e d .  

I n  f a c t ,  h e a l t h  p robably  c a n  o n l y  be  d e f i n e d  i f  it i s  r e c -  
ogn i zed  t h a t  t h e r e  a r e  a t  l e a s t  t h r e e  sys tems  t h a t  i n t e r a c t :  t h e  
p sycho -b io log i ca l  sys tem t h a t  i s  man, t h e  p h y s i c a l  and b i o l o g i c a l  
sys tem t h a t  c o n s t i t u t e  man's  n a t u r a l  environment ,  and t h e  s o c i a l  
system t h a t  h e  ha s  c r e a t e d  ( F i g u r e  1 ) .  It is a  t r u i s m  t o  s a y  
t h a t  each  of  t h e s e  sys tems  is  h i g h l y  complex, b u t  pe rhaps  it is  
n o t  s o  g e n e r a l l y  pe r ce ived  t h a t  man must be  c o n s i d e r e d  a s  a  com- 
p l e x  sys tem h imse l f  and n o t  s imp ly  a s  a  component o f  t h e  n a t u r a l  
and s o c i a l  sys tems .  I f  t h e  s imu l t aneous  e x i s t e n c e  of  t h e s e  t h r e e  





systems i s  recognized,  it is p o s s i b l e  t o  d e f i n e  h e a l t h  from t h r e e  
r e l a t i v i s t i c  p o i n t s  of view: from t h e  viewpoint  of  t h e  phys ic ian ,  
who c o n s i d e r s  man a s  an organismic system; from t h e  p o i n t  of 
view of t h e  e c o l o g i s t ,  who c o n s i d e r s  man a s  an element of na tu re ;  
and from t h e  p o i n t  of view of t h e  a d m i n i s t r a t o r ,  who c o n s i d e r s  
man a s  a  source  of needs t h a t  must be s a t i s f i e d  by t h e  a v a i l a b l e  
r e sources  wi th in  h i s  c o n t r o l .  

THE MEASUREMENT OF HEALTH 

Severa l  i n v e s t i g a t o r s  i n  t h e  USA and o t h e r  c o u n t r i e s  have 
t r i e d  t o  c o n s t r u c t  i n d i c e s  of  "hea l th"  f o r  t h e  purpose of a s ses s -  
i n g  h e a l t h  s t a t u s  and d e t e c t i n g  changes i n  t h i s  s t a t u s  over t ime.  
The problem i s  t h a t  t h e s e  i n d i c e s  r e l a t e  more t o  d i s e a s e  than 
h e a l t h  [19].  The c u r r e n t  u se  of d i s e a s e  i n d i c a t o r s  o r  of c r i t e -  
r i a  of  h e a l t h  s e r v i c e s  u t i l i z a t i o n  a s  measurements of h e a l t h  i s  
t e n a b l e  only  because parameters  o r  i n d i c a t o r s  of  p o s i t i v e  h e a l t h  
have n o t  been proposed o r  e x p l i c i t l y  de f ined .  

Given t h e  f a c t  t h a t  i n d i c a t o r s  of  p o s i t i v e  h e a l t h  a r e  not  
p r e s e n t l y  a v a i l a b l e  f o r  s t a t i s t i c a l  a n a l y s i s ,  s e v e r a l  "hea l th"  
i n d i c e s ,  based on d i s e a s e  and i t s  impact upon t h e  i n d i v i d u a l  and 
s o c i e t y ,  have been proposed s i n c e  t h e  l a t e  t h i r t i e s  [33].  These 
i n d i c e s  vary a s  r ega rds  t h e  o b j e c t  of s tudy,  t h e  v a r i a b l e s  se -  
l e c t e d ,  t h e  methods of d a t a  c o l l e c t i o n  and t h e  computat ional  
models used.  The o b j e c t  of s tudy i s  e i t h e r  t h e  i n d i v i d u a l  [9,15, 
17,24,25],  o r  a  popula t ion  [1,16,22,35],  o r  a  h e a l t h  c a r e  system 
[14,20,36].  The v a r i a b l e s  may be b i o l o g i c a l ,  environmental ,  o r  
d a t a  r e l a t i n g  t o  h e a l t h  s e r v i c e s  o r  o t h e r  a c t i v i t i e s .  The methods 
of  informat ion  ga the r ing  have v a r i e d  from mult ipurpose o r  s p e c i f -  
ic-purpose surveys  [I51 t o - t h e  use  of medical and behav io ra l  
obse rva t ions  [17],  p a t i e n t  t r a c e r s  [I41 o r  a c t u a r i a l  d a t a  111. 
The models may c o n s i s t  of s imple ,  i n t u i t i v e  a l g e b r a i c  expres-  
s i o n s  [221 o r  more s o p h i s t i c a t e d ,  s t o c h a s t i c ,  p r o b a b i l i s t i c  
formula t ions  151. Among a l l  of t h e s e  e f f o r t s ,  t h e r e  has  been 
only  one [21 t h a t  has  at tempted a  q u a n t i t a t i v e  approach t o  t h e  
WHO d e f i n i t i o n  of h e a l t h  a s  t h e  "phys ica l ,  mental  and s o c i a l  
well-being (of t h e  i n d i v i d u a l ) ,  no t  merely t h e  absence of d i s e a s e  
o r  i n f i r m i t y " .  Laudable a s  it i s ,  t h e  p rospec t s  of t h i s  e f f o r t  
a r e  a l s o  l i m i t e d  because, a l though t h e  t h r e e  dimensions of h e a l t h  
a r e  cons idered ,  t h e  v a r i a b l e s  used a r e  s t i l l  e s s e n t i a l l y  d i s e a s e  
i n d i c a t o r s .  

Some of t h e  most e l a b o r a t e  models [9] emphasize l e v e l  of 
f u n c t i o n  and prognosis  a s  t h e  two major parameters  i n  t h e  con- 
s t r u c t i o n  of h e a l t h  i n d i c e s  models. The concept  of prognosis ,  
a s  app l i ed  t o  popula t ions  r a t h e r  than  t o  i n d i v i d u a l s ,  may be 
u s e f u l  t o  t h e  a d m i n i s t r a t o r ,  b u t  i s  of much l e s s  v a l u e  t o  t h e  
i n d i v i d u a l  o r  t o  t h e  phys ic ian  who i s  i n t e r e s t e d  i n  p rogress ive  
medical  sc ience .  From t h e i r  p o i n t  of view, prognosis  should be 
based on b i o l o g i c a l  parameters  r a t h e r  than  measures of  prevalence  
o r  inc idence .  The p r o b a b i l i t y  of  moving from one s t a t e  of 
h e a l t h  o r  d i s e a s e  t o  another  is fundamentally dependent on in-  
d i v i d u a l  b i o l o g i c a l  parameters .  



T h e o r e t i c i a n s  [ I  0 ,23,34] have p o s t u l a t e d  c o n d i t i o n s  o r  c r i -  
t e r i a  t h a t  h e a l t h  i n d i c e s  should meet. Some of  t h e s e  c r i t e r i a  
a r e  s o  c l o s e l y  t a i l o r e d  t o  t h e  p r e s e n t  s i t u a t i o n  t h a t  t h e i r  i n -  
d i s c r i m i n a t e  adopt ion  might i n h i b i t  t h e  e x p l o r a t i o n  of  new pos- 
s i b i l i t i e s .  The c o n d i t i o n  t h a t  an index of h e a l t h  must be made 
o f  measurable components (341 i s  necessary ,  b u t  no t  s u f f i c i e n t .  
The measurable component must a l s o  be  a s  d i r e c t l y  a s  p o s s i b l e  
r e l a t e d  t o  h e a l t h .  F a i l u r e  t o  r e a l i z e  t h i s  conceptua l  t h r u s t  
encourages t h e  tendency t o  s e l e c t  i n d i c a t o r s  on t h e  b a s i s  of  mea- 
s u r a b i l i t y  r a t h e r  t han  of s t r i c t  and p o s i t i v e  r e l a t i o n s h i p  t o  
h e a l t h .  The d e f i c i e n c i e s  of  m o r t a l i t y  r a t e s  a s  i n d i c a t o r s  of  
h e a l t h  c l e a r l y  i l l u s t r a t e  t h a t  u s e  o f  s u r r o g a t e  i n d i c a t o r s  does  
no t  reduce  t h e  need t o  con t inue  seeking  i n d i c a t o r s  t h a t  have a  
h ighe r  v a l i d i t y  i n  r e s p e c t  t o  what i s  t o  be measured, t h a t  is,  
h e a l t h .  I n  t h e  mind of many i n v e s t i g a t o r s ,  h e a l t h  and d i s e a s e  
a r e  t r e a t e d  a s  complementary concepts .  Even i f  it could be prov- 
en t h a t  t h e y  a r e ,  t h e  t o t a l i t y  of h e a l t h  i s  n o t  known. The same 
"amount" of d i s e a s e  may have q u i t e  d i f f e r e n t  consequences i n  two 
i n d i v i d u a l s  depending on t h e  s t a t u s  of h e a l t h  of each i n d i v i d u a l .  
Freedom from d i s e a s e  is  n o t  e q u i v a l e n t  t o  h e a l t h .  From a  method- 
o l o g i c a l  s t a n d p o i n t ,  it w i l l  always be a  weak ph i lo soph ica l  ap- 
proach t o  t r y  t o  d e f i n e  t h i n g s  by what t hey  a r e  n o t ,  r a t h e r  t han  
by what t hey  a r e .  

I t  has  been s a i d  [23] t h a t  a t  p r e s e n t  t h e  occu r rence  of ill- 
n e s s  and premature d e a t h  a r e  more compell ing even t s  i n  d e c i d i n g  
t h e  a l l o c a t i o n  of r e s o u r c e s  t h a n  t h e  c o n s i d e r a t i o n  of  p o s i t i v e  
h e a l t h .  This  is  t r u e ,  bu t  it can  only  be accepted  a s  a  good 
argument f o r  po l i cy  making i f  it can  be shown t h a t  such an a t t i -  
t ude  i s  accompanied by a  cont inued r i s e  i n  h e a l t h  b e n e f i t s :  f o r  
example, a  r educ t ion  i n  m o r t a l i t y .  Now, a  r e c e n t  a n a l y s i s  of  
m o r t a l i t y  r a t e s  i n  t h e  USA [23] i n d i c a t e s  t h a t  m o r t a l i t y  from 
c h r o n i c  d i s e a s e s  and a c c i d e n t s  i s  l i k e l y  t o  keep t h e  d e a t h  r a t e  
nea r  i t s  p r e s e n t  l e v e l  u n t i l  major advances a r e  made i n  t h e  con- 
t r o l  o f  d e a t h  from t h e s e  two causes .  It i s  d i f f i c u l t  t o  imagine 
t h a t  p r o g r e s s  i n  t h e  c o n t r o l  of  ch ron ic  d i s e a s e  w i l l  be  achieved 
except  through medical  and environmental  r e s e a r c h .  On t h e  o t h e r  
hand, t h e  p r e d i c t i v e  a s p e c t  of  any index of h e a l t h  can  be  improved 
only  i f  d i s t u r b a n c e s  i n  func t ion ,  s t r u c t u r e  and a d a p t a t i o n  t h a t  
h e r a l d  d i s e a s e  a r e  i d e n t i f i e d  i n  man a s  e a r l y  a s  p o s s i b l e .  

The weaknesses of i n d i c e s  based on m o r t a l i t y  have been p o i n t -  
ed o u t  by s e v e r a l  i n v e s t i g a t o r s  i n  t h e  f i e l d  and d e s i r a b l e  c r i -  
t e r i a  f o r  " h e a l t h "  i n d i c a t o r s  have been proposed [23,29,34] . 
Most of t h e  proposed c r i t e r i a  d e a l  w i th  p r a c t i c a l  c o n s i d e r a t i o n s  
r e l a t i n g  t o  t h e  c o l l e c t i o n  and p rocess ing  of d a t a ,  t o  t h e  compre- 
h e n s i b i l i t y  of  t h e  models and i n t e r p r e t a t i o n  of r e s u l t s  and t o  
t h e  adequacy of  t h e i r  u t i l i z a t i o n  i n  connect ion  wi th  s p e c i f i c  
purposes.  Unfo r tuna te ly ,  t h e  c r i t e r i a  f o r  i n d i c e s  of " h e a l t h "  
s o  f a r  proposed do n o t  i n c l u d e  any dimension of  h e a l t h .   his 
d e f i c i e n c y  e x i s t s  because measurements o r  i n d i c e s  of  h e a l t h  can  
most probably be ob ta ined  o n l y  from t h e  i n d i v i d u a l .  



Measurement of  i n d i v i d u a l  and of s o c i a l  h e a l t h  may r e q u i r e  
d i f f e r e n t  approaches even though t h e  two a r e  c l e a r l y  r e l a t e d .  
I f  h e a l t h  could  be measured f o r  each i n d i v i d u a l ,  t h e  assessment 
o f  community h e a l t h  would c e r t a i n l y  be  s i m p l i f i e d .  The hypoth- 
esis t h a t  t h e  h e a l t h  of a  community should be cons idered  a s  an 
"emergent" phenomenon 1181, a  whole whose p r o p e r t i e s  cannot  be  
p r e d i c t e d  by r e f e r r i n g  merely t o  t h e  p r o p e r t i e s  of  t h e  p a r t s ,  i s  
one t h a t  should be cons idered .  To be  accep ted ,  though,  t h i s  hy- 
p o t h e s i s  w i l l  have t o  be proved and t h i s  means t h a t  it w i l l  be  
necessary  t o  measure i n d i v i d u a l  h e a l t h  a s  w e l l  a s  community 
h e a l t h .  

I f ,  a s  F igu re  1 sugges t s ,  t h e  measurement o f  h e a l t h  must be  
based on c h a r a c t e r i s t i c s  of t h e  organismic  system i n  r e l a t i o n  t o  
t h e  n a t u r a l  and s o c i a l  environments,  t h e n  t h e  measurement of 
h e a l t h  r e q u i r e s :  

- The i d e n t i f i c a t i o n  o f  t h e  environmental  f a c t o r s  which 
a f  f  e c t  h e a l t h ;  

- The de te rmina t ion  of  t h e  range  of  v a r i a t i o n  o f  t h e s e  
f a c t o r s  w i t h i n  which l i f e  i s  p o s s i b l e ;  

- The study, .  i n  q u a n t i t a t i v e  terms, of t h e  p h y s i o l o g i c a l ,  
biochemical  and psychic responses  t o  changes and r a t e s  
of  change i n  t h e  environment; 

- The s tudy  of t h e  a d a p t a b i l i t y  of  t h e  i n d i v i d u a l  t o  t h e  
environment, t h a t  i s ,  t h e  human c a p a c i t y  t o  r e a l i z e  
p h y s i o l o g i c a l ,  s t r u c t u r a l  and mental  a d a p t i v e  changes 
t o  meet s t r e s s f u l  changes i n  t h e  environment. 

The c o n d i t i o n s  i n  t h e  environment t h a t  a r e  necessary  f o r  t h e  
e x i s t e n c e  of l i f e  (presence  o f  oxygen, carbon d i o x i d e ,  s o l a r  r a -  
d i a t i o n ,  moderate tempera ture  and wa te r )  must,  o f  cou r se ,  be  s a t -  
i s f i e d .  Moreover, h igher  forms o f  l i f e  t o l e r a t e  narrower v a r i a -  
t i o n s  o f  phys i ca l  f a c t o r s  t han  lower forms o f  l i f e .  The physi-  
c a l  f a c t o r s  which a f f e c t  human h e a l t h ,  i nc lud ing  tempera ture ,  
l i g h t ,  n o i s e ,  v i b r a t i o n ,  a c c e l e r a t i o n ,  atmospheric  p o l l u t i o n  by 
g a s e s  and p a r t i c l e s ,  water  p o l l u t i o n  and r a d i a t i o n ,  must t he re -  
f o r e  be cons idered .  To t h e s e  phys i ca l  f a c t o r s  one must add b io-  
l o g i c a l  f a c t o r s  i n  t h e  form of micro-organisms o r  n u t r i e n t s  and 
t h e  psycho-social  f a c t o r s  t h a t  a r e  making an i n c r e a s i n g  impact 
on each pe r son ' s  l i f e .  

Thus, a s  f a r  a s  man, t h e  organismic system, i s  concerned,  
t h e  dimensions o f  h e a l t h  a r e  s t r u c t u r a l ,  p h y s i o l o g i c a l ,  bio-  
chemical  and psychic .  

An up-to-date concept  o f  h e a l t h  should be based on t h e  s tudy  
of human performance i n  response  t o  a  v a r i e t y  of p h y s i c a l  and 



nonphys ica l  f a c t o r s .  To ta l  human performance can  be  desc r ibed  
i n  te rms  o f :  

- The c a p a c i t y  t o  perform c e r t a i n  f u n c t i o n s ;  

- The o p t i m a l i t y  w i th  which t h e s e  f u n c t i o n s  can  be per -  
formed, cons ide r ing  t h e  s t a t e  of  t h e  organism; 

- The a d a p t a b i l i t y  o f  t h e  organism t o  environmental  changes.  

Thus, from t h e  s t a n d p o i n t  of  c a p a c i t y ,  man can be c h a r a c t e r i z e d  
by a  p r o f i l e  of  h i s  a b i l i t i e s  and i n a b i l i t i e s ,  by h i s  c a p a c i t y  
f o r  p h y s i c a l  work, by h i s  f u n c t i o n a l  r e s e r v e s  and by h i s  r e -  
sponses  t o  phys i ca l  and psycho-soc ia l  s t i m u l i .  From t h e  s tand-  
p o i n t  o f  o p t i m a l i t y ,  man can b e  c h a r a c t e r i z e d  by t h e  e f f i c i e n c y  
wi th  which he i s  a b l e  t o  f u l f i l l  p h y s i o l o g i c a l  and psycho log ica l  
f u n c t i o n s ,  by m o d a l i t i e s  o f  f u n c t i o n a l  r e g u l a t i o n ,  by development 
of f u n c t i o n a l  h i e r a r c h i e s  and by t h e  mechanisms o f  ad jus tment  t o  
t h e  environment [3 ,4 ,32 ] .  From t h e  s t a n d p o i n t  of  a d a p t a b i l i t y ,  
man can  be desc r ibed  i n  te rms  o f  h i s  p o t e n t i a l  t o  l e a r n  new t h i n g s ,  
t o  overcome p h y s i c a l  i n c a p a c i t y  and t o  adap t  himself  t o  t h e  ever -  
expanding world i n  which he l i v e s .  

S t r u c t u r a l  i n t e g r i t y  is  normally a s s o c i a t e d  wi th  good h e a l t h ,  
b u t  l a c k  of  s t r u c t u r a l  i n t e g r i t y  does  no t  n e c e s s a r i l y  imply d i s -  
e a s e .  One of  t h e  most encouraging e f f o r t s  i n  p r e s e n t  c l i n i c a l  
r e s e a r c h  i s  t h e  a p p l i c a t i o n  o f  s c i e n t i f i c  knowledge and modern 
technology t o  overcome d i s a b i l i t y  i n  s p i t e  of  s t r u c t u r a l  and 
f u n c t i o n a l  d e f i c i e n c i e s .  

P h y s i o l o g i c a l  performance i s ,  indeed ,  a  major i n d i c a t o r  of 
h e a l t h .  S t u d i e s  o f  f u n c t i o n a l  c a p a c i t y  a t  t h e  motor ,  s e n s o r i a l  
and psychic  l e v e l s  a r e  p o s s i b l e  today  wi th  s a t i s f a c t o r y  t e s t i n g  
procedures .  The p e r i o d i c  a d m i n i s t r a t i o n  of t h e s e  t e s t i n g  proce- 
d u r e s  i s  proving  o f  v a l u e  i n  p rov id ing  an o b j e c t i v e  d e s c r i p t i o n  
of  t h e  p roces s  of  ag ing .  One of  t h e  most obvious  m a n i f e s t a t i o n s  
o f  ag ing  i s  t h e  d e c l i n e  i n  t h e  a b i l i t y  t o  e x e r c i s e  and work. 
S ince  t h e  r a t e  o f  d e t e r i o r a t i o n  i n  t h e  p roces s  of  ag ing  d i f f e r s  
from one i n d i v i d u a l  t o  ano the r  [26 ,31 ] ,  measurements of  t h e  r a t e  
of  d e t e r i o r a t i o n  i n  r e l a t i o n  t o  age  could  be c o r r e l a t e d  t o  t h e  
p reva l ence  and inc idence  o f  d i s e a s e  and t h u s  be  v a l i d a t e d  a s  pos- 
s i b l e  measures of  h e a l t h  and a s  p r e d i c t o r s  of  morbid i ty .  

E x e r c i s e  t e s t i n g  i s  a  good means of e v a l u a t i n g  t h e  t o t a l  
c a r d i o r e s p i r a t o r y  f i t n e s s  o f  an  i n d i v i d u a l  [31] .  Other  q u a n t i -  
t a t i v e  t e s t s ,  f a c i l i t a t e d  g r e a t l y  by modern technology,  a r e  
a v a i l a b l e  f o r  a s s e s s i n g  muscular  s t r e n g t h ,  range  of a r t i c u l a r  
motion,  ne rve  conduct ion  v e l o c i t y ,  h e p a t i c  and r e n a l  f u n c t i o n ,  
v i s i o n  a c u i t y  and hea r ing  a b i l i t y .  

~ d a ~ t a t i o n  t o  s h o r t  and prolonged changes i n  t h e  environment 
c o n s t i t u t e  ano the r  parameter  of  h e a l t h .  P rog re s s  i n  procedures  



t o  t e s t  t h e  a d a p t a b i l i t y  of  t h e  v a r i o u s  organ  systems of  t h e  body 
h a s  n o t  been e q u a l l y  r a p i d  f o r  every system o r  organ bu t  t e s t s  
a r e  a v a i l a b l e  f o r  many of  them. The medical  requi rements  c r e a t e d  
by man's  e x p l o r a t i o n  of space  have been a  g r e a t  i n c e n t i v e  t o  t h e  
development o f  such new t e s t i n g  techniques .  

From a  biochemical  s t a n d p o i n t ,  it has  been amply documented 
t h a t ,  a s  f a r  a s  t h e  biochemical  parameters  used i n  c l i n i c a l  eva l -  
u a t i o n  a r e  concerned,  t h e r e  i s  a  h igh  deg ree  of  uniqueness i n  
each  i n d i v i d u a l  [38].  Much is then  t o  be gained i n  developing  
a  methodology f o r  t h e  de t e rmina t ion  of  human h e a l t h  t h a t  compares 
t h e  i n d i v i d u a l  w i t h  himself  r a t h e r  t han  w i t h  a  u s u a l l y  undefined 
popula t ion .  I t  should be recognized  once and f o r  a l l  t h a t  nor- 
malcy and h e a l t h  a r e  no t  e q u i v a l e n t  concepts .  Normalcy i s  a  
s t a t i s t i c a l  concept ,  whereas h e a l t h  i s  a  b i o l o g i c a l  one. I n  
te rms o f  h e a l t h ,  t o  compare an  i n d i v i d u a l  wi th  a  popu la t ion  norm 
i s  p r a c t i c a l l y  meaningless,  s i n c e ,  f o r  t h e  parameter  cons ide red ,  
t h e  i n t r a i n d i v i d u a l  and i n t e r i n d i v i d u a l  v a r i a t i o n s  over  t ime a r e  
bo th  r e l a t i v e l y  l a r g e .  It has  been suggested t h a t  f o r  each  i n d i -  
v i d u a l  t h e  range  o f  va lues  of  any blood c o n s t i t u e n t  e s t a b l i s h e d  
du r ing  a  pe r iod  of  optimum h e a l t h  i s  a  b e t t e r  c r i t e r i o n  than  t h e  
s t a t i s t i c a l  v a l u e s  ob ta ined  i n  popu la t ion  samples 1391. 

I n  t h e  dimension o f  mental  h e a l t h ,  it has been suggested 
1121 t h a t  i n d i c a t o r s  o f  p o s i t i v e  mental  h e a l t h  should be sought:  

- I n  t h e  a t t i t u d e s  o f  an  i n d i v i d u a l  toward h i s  own s e l f ;  

- I n  what a  person  does  w i t h  h i s  s e l f  over  a  pe r iod  of 
t ime ; 

- I n  a  c e n t r a l  s y n t h e s i z i n g  psychologica l  f u n c t i o n  recog- 
n i z a b l e  i n  each person;  

- I n  t h e  i n d i v i d u a l '  s deg ree  of independence from s o c i a l  
i n f  luences ;  

- I n  t h e  adequacy o f  an i n d i v i d u a l ' s  pe rcep t ion  of  r e a l i t y ;  

- I n  t h e  i n d i v i d u a l ' s  c a p a c i t y  f o r  environmental  mas tery .  

The e x t e n t  t o  which t h e s e  i n d i c a t o r s  can  be used t o  formula te  
expres s ions  of  mental  h e a l t h  t h a t  can be q u a n t i t a t e d  according  
t o  an  a p p r o p r i a t e  s c a l e  is  n o t  c l e a r  a t  t h i s  t ime.  On t h e  o t h e r  
hand, t h e  two-way r e l a t i o n s h i p  o f  mental  p rocesses  t o  somatic  
f u n c t i o n  is  an open f i e l d  f o r  i n v e s t i g a t i o n ,  a l though some of 
i ts  a s p e c t s  a r e  p r e s e n t l y  a t t r a c t i n g  t h e  a t t e n t i o n  o f  a b l e  inves-  
t i g a t o r s  [6 ,13] .  

It has  long been surmised t h a t  g e n e t i c  endowment i s  a  major 
de terminant  o f  h e a l t h .  The r e l a t i o n s h i p  between t h e  g e n e t i c  
make-up and c e r t a i n  d i s e a s e s  i s  not  i n  doubt;  bu t  we a r e  j u s t  
beginning t o  unders tand  t h e  b a s i c  n a t u r e  of t h i s  r e l a t i o n s h i p .  
Although it is  o n l y  l o g i c a l  t o  assume t h a t  i f  g e n e t i c  f a c t o r s  



relate t o  d i s e a s e ,  t hey  must a l s o  relate t o  h e a l t h ,  we have n o t  
y e t  reached t h e  p o i n t  where g e n e t i c  i n d i c a t o r s  o f  p o s i t i v e  h e a l t h  
have been i d e n t i f i e d .  An i n v e s t i g a t i o n  o f  such g e n e t i c  f a c t o r s  
and o f  t h e i r  i n t e r a c t i o n  wi th  t h e  phys i ca l  and psycho-social  envi -  
ronments i s  a major and promising t a s k  i n  h e a l t h  r e s e a r c h .  

An i n t e r e s t i n g  s t e p  toward us ing  b i o l o g i c a l  parameters  and 
o t h e r  r i s k  f a c t o r s  t o  p r e d i c t  d i s e a s e  h a s  been made a t  t h e  Pre-  
v e n t i v e  Medicine I n s t i t u t e - - S t r a n g  C l i n i c  o f  New York [21] and 
a s  a r e s u l t  of  t h e  Hear t  Disease  Epidemiological  Study conducted 
i n  Framingham, Massachuse t t s ,  USA. The Framingham s tudy  r e s u l t e d  
i n  a c o l l e c t i o n  o f  d a t a  t h a t  pe rmi t t ed  t h e  c a l c u l a t i o n  of  t h e  
p r o b a b i l i t y  o f  developing coronary  h e a r t  d i s e a s e  i n  s i x  y e a r s  i n  
r e l a t i o n  t o  seven r i s k  f a c t o r s :  s e x ,  age ,  c i g a r e t t e  smoking, 
a r t e r i a l  blood p r e s s u r e ,  serum c h o l e s t e r o l ,  g lucose  t o l e r a n c e  and 
e l e c t r o c a r d i o g r a p h i c  abnorma l i t i e s .  

IMPLICATIONS FOR HEALTH SYSTEMS PLANNING 

A system is  u s u a l l y  conceived a s  an aggrega te  o f  s u b j e c t s  
o r  components l i n k e d  by some form o f  i n t e r a c t i o n  s o  a s  t o  per-  
form a s p e c i f i c  func t ion .  The a p p l i c a t i o n  of  t h i s  d e f i n i t i o n  
t o  a h e a l t h  c a r e  system r e q u i r e s  t h e  d e s c r i p t i o n  o f :  

- The f u n c t i o n s  of  t h e  system; 

- The components o f  t h e  system; 

- The i n t e r a c t i o n  among components. 

The f u n c t i o n s  o f  a h e a l t h  c a r e  system'were amply reviewed i n  t h e  
f i r s t  IIASA Conference o f  1974 [371. These a r e :  

- Medical r e s e a r c h  and accumulat ion of  medical  knowledge; 

- Comprehensive i n d i v i d u a l  and community measures f o r  
p reven t ion  o f  d i s e a s e ,  w i th  s p e c i a l  emphasis on i n f a n t  
and c h i l d  c a r e  and environmental  h e a l t h ;  

- Timely d i a g n o s i s  o f  d i s e a s e s  and t h e i r  adequate  t r e a t -  
ment and cu re .  

It should be  recognized t h a t  n o t  a l l  t h e  h e a l t h  c a r e  systems 
t h a t  e x i s t  o r  a r e  be ing  planned a r e  capab le  of  f u l f i l l i n g  a l l  
t h e s e  f u n c t i o n s  [271. On t h e  o t h e r  hand, n o t  a l l  t h e  f u n c t i o n s  
t h a t  a h e a l t h  c a r e  system should  f u l f i l l  a r e  mentioned above. 
I f  it i s  admit ted  t h a t  h e a l t h  can  be improved, a s  it is  r e a d i l y  
admi t ted  t h a t  it can be impai red ,  t h a t  d i s e a s e  can be r e s i s t e d  
and t h a t  t h e  p rocess  o f  n a t u r a l  b i o l o g i c a l  d e t e r i o r a t i o n  has  a 
d i f f e r e n t  tempo f o r  d i f f e r n t  i n d i v i d u a l s  and perhaps  can be  re- 
t a r d e d ,  t h e n  t h e  promotion and r e s t o r a t i o n  of h e a l t h ,  t h e  e a r l y  
d e t e c t i o n  and p reven t ion  o f  d i s e a s e  and t h e  r e h a b i l i t a t i o n  o f  t h e  
p h y s i c a l l y  and s o c i o g e n i c a l l y  d i s a b l e d  must be p a r t  of  t h e  func- 
t i o n s  t o  be  f u l f i l l e d  by a h e a l t h  c a r e  system. I n  p a r t i c u l a r ,  



s t u d i e s  aimed a t  t h e  i d e n t i f i c a t i o n  of  de t e rminan t s  o f  p o s i t i v e  
h e a l t h  should  be p a r t  of  t h e  r e s e a r c h  g o a l s  of  h e a l t h  c a r e  sys-  
t e m s .  The i d e n t i f i c a t i o n  o f  de t e rminan t s  o f  p o s i t i v e  h e a l t h  
should  provide  t h e  b a s i s  f o r  a  p r e d i c t i v e  medicine. P r e d i c t i v e  
medicine must be conceived a s  t h e  measuring s t i c k  a g a i n s t  which 
t h e  e f f e c t i v e n e s s  o f  p reven t ive  measures can  be  a s ses sed .  I t  
i s  widely recognized t h a t  one o f  t h e  major g o a l s  of  a  h e a l t h  c a r e  
system i s  t h e  p reven t ion  o f  d i s e a s e .  The promotion of  h e a l t h  
should  a l s o  be added. I t  i s ,  t h e r e f o r e ,  o f  paramount importance 
t h a t ,  i n  p lanning  h e a l t h  c a r e  systems,  t h e  concept  o f  p o s i t i v e  
h e a l t h  no t  be overlodked.  

The i n t e r e s t  i n  apply ing  systems theo ry  t o  t h e  o r g a n i z a t i o n  
and o p e r a t i o n  of h e a l t h  d e l i v e r y  systems is  t h a t ,  i f  t h e  objec-  
t i v e s ,  components and r e l a t i o n s  among t h e  components a r e  known, 
t h e n  t h e  theo ry  t h a t  has been developed i n  connect ion  w i t h  sys-  
tems should  be u s e f u l  i n  t h e  r e g u l a t i o n  and e v a l u a t i o n  of any 
h e a l t h  system i n  r e l a t i o n  t o  i t s  goa l s .  I t  should be r e a l i z e d ,  
though, t h a t  h e a l t h  systems d e a l  w i th  l i v i n g  components and t h a t  
t h e  c h a r a c t e r i s t i c  of  l i v i n g  components i s  t h a t  t hey  a r e  adap t ive .  
I t  i s ,  t h e r e f o r e ,  impor tant  t h a t  a  h e a l t h  system be  conceived a s  
a  system t h a t  w i l l  have t h e  a b i l i t y  t o  adapt  dynamical ly t o  
changes i n  man and i n  t h e  n a t u r a l  and s o c i a l  systems.  The theo ry  
of  systems a n a l y s i s  h a s  n o t  been p a r t i c u l a r l y  developed i n  t h e  
d i r e c t i o n  of  a d a p t a b i l i t y  s o  t h a t  it can be r e a d i l y  a p p l i e d  t o  
h e a l t h  systems.  I n  apply ing  systems theo ry  p r i n c i p l e s  t o  h e a l t h  
systems,  it may w e l l  become necessary  t o  expand t h e  unde r ly ing  
theo ry  s o  t h a t  t h e  a d a p t i v e  c h a r a c t e r i s t i c s  of  h e a l t h  systems 
can  be p rope r ly  inco rpora t ed .  

The p lanning  of f u t u r e  h e a l t h  systems should i n c l u d e  t h e  
p o s i t i v e  h e a l t h  approach. Add i t iona l  o b j e c t i v e s  t o  be inc luded 
i n  a  h e a l t h  system t h a t  t a k e s  i n t o  c o n s i d e r a t i o n  t h e  concept  of  
p o s i t i v e  h e a l t h  a r e :  

- The q u a n t i f i c a t i o n  o f  i n d i v i d u a l  ( b i o l o g i c a l  and menta l )  
parameters  t h a t  d e s c r i b e  t h e  process  o f  ag ing;  

- The i d e n t i f i c a t i o n  of  i n d i v i d u a l  and n a t u r a l  and s o c i a l  
environmental  f a c t o r s  a s s o c i a t e d  wi th  low morbid i ty ,  
l ongev i ty  and causes  of  m o r t a l i t y ;  

- The c o n s t r u c t i o n  o f  a  model of  h e a l t h  t h a t  i n c l u d e s  i n d i -  
v i d u a l  and environmental  parameters  such t h a t  it can  be 
used f o r  t h e  de t e rmina t ion  o f  h e a l t h  s t a t u s  i n  t h e  i n d i -  
v i d u a l  and i n  popula t ions .  

Thus, a s  a  f i r s t  s t e p  i n  t h i s  d i r e c t i o n ,  r e s e a r c h  should be con- 
ducted  t o  i d e n t i f y  parameters  o f  h e a l t h  i n  man and i n  t h e  n a t u r a l  
and s o c i a l  systems.  Then, a  s e l e c t i o n  of s u i t a b l e  parameters  
should  be made, due c o n s i d e r a t i o n  being g iven  t o  how e s s e n t i a l  
t hey  a r e  f o r  d e s c r i b i n g  h e a l t h  and how easy they  a r e  t o  measure 
i n  p h y s i c a l  and economical terms.  Next, p r o v i s i o n s  should be 
made t o  monitor  t h e s e  parameters  i n  a t  l e a s t  a  few h e a l t h  systems 



s t r a t e g i c a l l y  loca ted  a t  t h e  n a t i o n a l  l e v e l  and throughout t h e  
world. F i n a l l y ,  procedures should be developed t h a t  would a l -  
low t h e s e  parameters t o  be entered i n t o  t h e  information systems 
[ 2 8 ]  t h a t  support  each of t h e  c o l l a b o r a t i v e  hea l th  systems par-  
t i c i p a t i n g  i n  a j o i n t  e f f o r t  organized according t o  a commonly 
agreed experimental  design.  

The move toward a philosophy of h e a l t h  systems d e l i v e r y  
which incorpora tes  t h e  concept of p o s i t i v e  h e a l t h  i s  t imely ,  
not only because it i s  a r e a l i s t i c  need t h a t  draws support  from 
presen t  t r e n d s  i n  medical r e sea rch ,  but  a l s o  because chronic  
d i s e a s e  and poor hea l th  a r e  being perceived a s  two major f a c t o r s  
of  morbidity and a r e  becoming t h e  bui ld ing blocks of s o c i a l  de- 
mand f o r  progress ive  publ ic  h e a l t h  a c t i o n .  
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Benefit-Cost Modeling in the Presence of 

Multiple Decision Criteriat 

Robert M. Thrall and David Cardus 

INTRODUCTION 

The purpose of this paper is to consider the role of bene- 
fit-cost modeling for health care and, in particular, to see 
how such modeling can contribute to the dynamic approach out- 
lined by Dr. Kiselev [ I ] .  The paper presents a brief discussion 
of the Kiselev approach to the micro-, intermediate and macro- 
levels of modeling. A hypothetical micro-level problem is intro- 
duced and further elaborated on. A general benefit-cost model 
for health care programs is developed, and lastly, a brief sta- 
tus summary is given. 

In our discussion of benefit-cost decision making in the 
presence of multiple objectives and goals, five main stages are 
considered: identification of objectives, measurement of levels 
of achievement of each objective, scaling of each objective in 
a multidimensional value space, determination of relative weights 
for several value dimensions by relevant classes of evaluators, 
and synthesis of the outputs of the earlier stages by the re- 
sponsible decision maker. It seems worthwhile to obtain gen- 
eral agreement among all evaluators in the first three stages, 
but this should not be expected at the fourth stage nor should 
one expect the model to prescribe to the decision maker the 
value judgments inherent in his final synthesis. Indeed, fail- 
ure to recognize this significant feature of benefit-cost mod- 
eling has resulted in rejection of many otherwise promising 
models. 

The model developed in this paper is linear. The authors 
are fully aware that there are significant nonlinearities in 
the real-world situations being modeled, and regard the present 
linear model as a first step toward the development of more 
realistic nonlinear models. Moreover, the linear case is suffi- 
ciently rich to justify consideration on its own and its analyt- 
ic simplicity should enhance understanding by those who might be 
unwilling to attempt understanding or who use more general and 
complex models. 

+This paper is an extension of an earlier one: R.M., Thrall, 
Benefit/Cost Estimation, Alternatives, Requirements, Advantages, 
and Disadvantages, forthcoming in the Proceedings of t h e  SAMS 
1 9 7 5  Annual Meet ing.  



MACRO-, INTERMEDIATE AND MICRO-MODELS 

In a recent paper, A S y s t e m s  Approach t o  H e a l t h  Care [I], 
Dr. A. Kiselev has proposed a strategy for tackling this "com- 
plex dynamic object". In this introductory paper, he suggests 
the application to health of some of the dynamic modeling prin- 
ciples that Forrester [2] and his school have brought into pro- 
minence in other problem areas, e.g. industrial, urban and world- 
dynamics. (References [3,4,5] provide an instructive review and 
defense of industrial dynamics.) 

The Forrester models share with macro-economic models the 
characteristic of selecting a few important variables and at- 
tempting to set up viable relationships among them which can be 
used to forecast system behavior. 

One of the weaknesses of macro-models is their inability to 
deal effectively with major changes in policy, e.g. in environ- 
mentak conditions, in technology, or in other important factors. 
For example, in the USA, the effects of the recent quadrupling 
of the price of petroleum seems to have stretched macro-models 
of the national economy beyond their ranges of validity. 

One way to maintain some meaning at the macro-level is to 
set up a hierarchy of models--micro, intermediate and macro. In 
the petroleum example, one starts with micro-models at the indi- 
vidual factory level to find what adjustments in its production 
processes will optimize operations under the new petroleum prices. 
Then one passes to intermediate level input-output models whose 
coefficients can be adjusted using information gleaned from the 
micro-models. Next, the intermediate-level models can be em- 
ployed to simulate the entire national economy, and finally, 
outputs from the intermediate model can be aggregated and fed 
into macro-models to yield predictions in terms of relatively 
few, but generally well recognized and important variables. 

One of the strengths of the Kiselev approach is that he 
realizes the necessity of, and provides for, intermediate level 
modeling (itself embodying dynamic features). His three figures 
[I] provide a useful display of health care indices and impor- 
tant interrelations among them. 

It is not clear, however, from his introductory paper just 
what role he has assigned to the micro-level of modeling. A 
health care measure will generally depend for its success on 
its effects on individual patients, physicians, health facility 
managers, and the "paymasters" (e.g., government agencies, insur- 
ance companies or private donors). 

The authors have recently witnessed one phase of a massive 
medical program face failure, not because of any internal flaws, 
but because it had not taken into account the fact that the po- 
sition of Mexican-American males in their own social structure 
reduced their (voluntary) participation in the program far below 



t h e  l e v e l  e s s e n t i a l  f o r  i t s  func t ion ing .  I t  i s  t r u e  t h a t  t h i s  
p a r t i c u l a r  example i s  a s s o c i a t e d  wi th  t h e  mode o f  o p e r a t i o n  o f  
h e a l t h  c a r e  i n  t h e  USA. Can we be c e r t a i n ,  however, t h a t  micro- 
l e v e l  phenomena w i l l  n o t  be s i g n i f i c a n t  i n  any h e a l t h  c a r e  sys-  
tem? A r e  such f a c t o r s  l i k e l y  t o  be accounted f o r  a t  any l e v e l  
above t h e  micro-model and can  w e  a c c e p t  a  methodology which does  
n o t  provide  f o r  t h e i r  i d e n t i f i c a t i o n ?  

EXAMPLE OF A MULTI-OBJECTIVE PROBLEM 

Measures o f  b e n e f i t s  and c o s t s  a r e  c l e a r l y  impor tant  a t  
a l l  l e v e l s  o f  modeling. Let  u s  focus  on t h e i r  r o l e  a t  t h e  micro- 
l e v e l .  Consider  a  h y p o t h e t i c a l  r e h a b i l i t a t i o n  program. Its 
o b j e c t i v e s  might i nc lude :  

- Pat ien t -Centered:  

- R e s t o r a t i o n  o f  ea rn ing  power; 

- Rel i e f  o f  pa in ;  

- General  enhancement of t h e  q u a l i t y  of  l i f e ;  

- Increased  c a p a c i t y  f o r  s e l f  c a r e .  

- Physician-Centered:  

- Increased  s c i e n t i f i c  unders tanding  of t h e  b a s i c  medi- 
c a l  problem; 

- Improvement i n  methods o f  t r ea tmen t .  

- Fac i l i t y -Cen te red :  

- Enhanced c o s t - e f f e c t i v e  handl ing  of i n - p a t i e n t  c a r e ;  

- Enhanced c o s t - e f f e c t i v e  handl ing  of  o u t - p a t i e n t  c a r e .  

It would n o t  be  d i f f i c u l t  t o  f i n d  a d d i t i o n a l  r e l e v a n t  o b j e c t i v e s ,  
b u t  t h i s  l ist  i s  a l r e a d y  long enough t o  i l l u s t r a t e  t h a t ,  even a t  
t h e  micro- leve l ,  w e  a r e  d e a l i n g  wi th  a  v e c t o r  valued o b j e c t i v e  
func t ion .  W e  w i l l  r e t u r n  t o  t h i s  example a s  w e  develop  a  g e n e r a l  
framework f o r  eva lua t ion .  

BENEFIT-COST MODELING 

The u s e  o f  b e n e f i t - c o s t  a n a l y s i s  a s  an a i d  t o  d e c i s i o n  mak- 
i n g  h a s  been cons idered  i n  many a r e a s .  There a r e  s e v e r a l  good 
r easons  why i ts  a c t u a l  u se  h a s  n o t  been more widespread. Major 
among t h e  r easons  i s  t h e  d i f f i c u l t y  o f  d e v i s i n g  g e n e r a l l y  accept -  
a b l e  models f o r  measuring b e n e f i t s  and c o s t s  [ 6 1 .  T h i s  d i f f i -  
c u l t y  i s  compounded by t h e  presence  of  m u l t i p l e  cr i ter ia ,  e.g.,  
economic, s o c i a l ,  p o l i t i c a l .  



I n  t h e  h e a l t h  c a r e  a r e a ,  both t h e  o b j e c t i v e s  and t h e  dec i -  
s i o n  c r i t e r i a  seem e s p e c i a l l y  d i v e r s e .  Moreover, measurement 
f o r  any s i n g l e  c r i t e r i o n  is  f a r  from simple.  For example, a  
few y e a r s  ago i n  t h e  United S t a t e s ,  Department of  Heal th ,  Educa- 
t i o n  and Welfare i n s t r u c t i o n s  were t o  measure on ly  d i r e c t  eco- 
nomic b e n e f i t s  and c o s t s  where " d i r e c t "  was i n t e r p r e t e d  t o  mean 
" r e l a t e d  t o  t h e  n a t i o n a l  budget:. When a p p l i e d  t o  r e h a b i l i t a t i o n  
t h e s e  i n s t r u c t i o n s  were f a r  from c l e a r  s i n c e  they  . requi red  com- 
pa r ing  near-term c o s t s  f o r  r e h a b i l i t a t i o n  w i t h  long term sav ings  
i n  c u s t o d i a l  c a r e .  Now, a l though some of  t h e  near-term c o s t s  
can be  r a t h e r  we l l  c a l c u l a t e d ,  t h e  long te rm phenomena a r e  s t o -  
c h a s t i c  w i t h  l i t t l e  known d i s t r i b u t i o n s  s o  t h a t  even c a l c u l a t i o n  
of expected economic b e n e f i t s  and c o s t s  i s  n o t  c l e a r  c u t .  

Even i f  one could  o b t a i n  g e n e r a l l y  accepted  measures f o r  
each o f  t h e  c r i t e r i a ,  t h e r e  would remain s u b s t a n t i a l  d i f f e r e n c e s  
among d e c i s i o n  makers a s  t o  t h e  r e l a t i v e  weights  t o  be  a l l o c a t e d  
t o  economic, s o c i a l  and p o l i t i c a l  b e n e f i t s .  

I f  we r e t u r n  t o  t h e  r e h a b i l i t a t i o n  example, we no te  t h a t  t h e  
p a t i e n t  b e n e f i t s  a r e  cumulat ive over  i n d i v i d u a l s  whereas t h e  phy- 
s i c i an -cen te red  b e n e f i t s  a r e  no t .  

We may a l s o  no te  t h a t  r e s t o r a t i o n  of  ea rn ing  power i s  an 
economic b e n e f i t ,  whereas t h e  o t h e r  t h r e e  p a t i e n t - c e n t e r e d  ben- 
e f i t s  a r e  e i t h e r  noneconomic o r  only  p a r t l y  economic. An impor- 
t a n t  key t o  handl ing  t h i s  d i s t i n c t i o n  i s  t o  measure each objec-  
t i v e  on i t s  own s p e c i a l l y  c o n s t r u c t e d  s c a l e  and d e f e r  any com- 
p a r i s o n  between s c a l e s  till a  l a t e r  s t a g e  of  t h e  modeling. 

Consider  r e s t o r a t i o n  of ea rn ing  power over  a  s u b j e c t  popu- 
l a t i o n  S of  N i n d i v i d u a l s  s l ,  ..., sN. I f  t h e  r e s t o r a t i o n  f o r  

i n d i v i d u a l  si has  economic v a l u e  e ( s i )  t hen  t h e  b e n e f i t  over  t h e  

e n t i r e  popu la t ion  i s  

S i m i l a r l y ,  r e l i e f  of  pa in  and enhanced q u a l i t y  of  l i f e  could 
have r e s p e c t i v e  measures 

and 

which might even have a  common u n i t  of  measure, c l e a r l y  no t  t h e  
same one a s  f o r  e-(S) . 



I n c r e a s e d  c a p a c i t y  f o r  s e l f - c a r e  would have bo th  economic 
and s o c i a l  b e n e f i t s  and s o  would be measured by a  v e c t o r  va lued  
f u n c t i o n  

w i t h  sc (S)  measured on t h e  same s c a l e  a s  e (s) and sc2 (S)  on t h e  1 
same one a s  r ( S )  and q ( S ) .  

There  i s  a n  impor t an t  s p e c i a l  c a s e  where t h e  f u n c t i o n s  
e r r , q , s c l , s c 2  a r e  c o n s t a n t  f o r  a l l  members o f  S.  Then e ( S )  = 

N e ( s l ) ,  e tc . ,  and t h e  t o t a l  p a t i e n t  b e n e f i t  f o r  t h e  p o p u l a t i o n  

s would be  g i v e n  by t h e  2-component v e c t o r  

The phys i c i an -cen t e r ed  b e n e f i t s  might  be  measured on a n o t h e r  
s c a l e  and have t h e  v a l u e  

which i s  independent  o f  t h e  s i z e  N o f  t h e  p a t i e n t  p o p u l a t i o n  S.  

The f a c i l i t y - c e n t e r e d  b e n e f i t s  might  be  d e s c r i b e d  by a  sum 
o f  t h e  form 

2 where B : ~  r e p r e s e n t s  t h e  f a c i l i t y  s a v i n g s  pe r  p a t i e n t  and Bfa 

r e p r e s e n t s  p o s s i b l e  c a p i t a l  s a v i n g s ,  bo th  measured i n  t h e  eco -  
nomic u n i t  a l r e a d y  used  f o r  e a r n i n g  power. 

I n  t h i s  m i n i a t u r e  example we have a  three-component v e c t o r  



which measures v a r i o u s  b e n e f i t  a t t r i b u t e s .  Continuing t o  assume 
l i n e a r i t y ,  a  t o t a l  b e n e f i t  V ( B )  w i l l  t a k e  t h e  form 

where W = [!!I i s  a u e i g h t  v e c t o r  determined by t h e  

dec i son  maker concerned. For example, a  p a t i e n t  might s e l e c t  

a  phys ic ian ,  

and a h e a l t h  a d m i n i s t r a t o r  

I f  n o t  one,  bu t  two r e h a b i l i t a t i o n  programs ( I  and 11) a r e  
be ing  eva lua t ed ,  t h e s e  v a r i a t i o n s  i n  t h e  weight  v e c t o r s  could  
r e s u l t  i n  d isagreements  a s  t o  which program (I o r  11) was b e t t e r  
even though one w e r e  a b l e  t o  o b t a i n  agreement among a l l  concerned 
on t h e  r e s p e c t i v e  a t t r i b u t e  v e c t o r s  B(1)  and B ( I 1 )  . 

A GENERAL BENEFIT-COST MODEL 

W e  now t u r n  t o  t h e  c o n s t r u c t i o n  o f  a  g e n e r a l  b e n e f i t - c o s t  
model f o r  h e a l t h  c a r e  programs. Th i s  model b u i l d s  on concepts  
d i s c u s s e d  i n  t h e  preceding s e c t i o n  b u t  i s  w r i t t e n  i n  a b s t r a c t  
form s o  t h a t  it can be broadly  a p p l i e d .  



We r e a l i z e  t h a t  few n a t u r a l  phenomena a r e  t r u l y  l i n e a r ,  
but choose t o  assume l i n e a r i t y  i n  t h i s  paper s ince :  

- Nonlinear func t ions  f requen t ly  have good l i n e a r  approx- 
mations; 

- Development of a nonl inear  model r e q u i r e s  f a r  g r e a t e r  
a b s t r a c t i o n  and thus  makes communication between model 
bu i lde r  and reader  more d i f f i c u l t ;  and 

- Construction of  a l i n e a r  model i n i t i a l l y  w i l l  not  pre- 
c lude (and might even a i d  i n )  development of nonl inear  
models l a t e r  on. 

Consider a hea l th  c a r e  program HC which is designed with a 
s e t  

of benef i t  f a c t o r s  o r  ob jec t ives  of which t h e  f i r s t  pl 

a r e  ind iv idua l  o r  d i r e c t  b e n e f i t  f a c t o r s  and t h e  remaining 
P2 = p - PI 

a r e  i n d i r e c t  b e n e f i t  f a c t o r s .  We suppose t h a t  t h e  t a r g e t  popu- 
l a t i o n  S c o n s i s t s  of N ind iv idua l s  

By d e f i n i t i o n ,  ind iv idua l  b e n e f i t  f a c t o r s  a r e  cumulative over 
t h e  e n t i r e  t a r g e t  population,  whereas t h e  i n d i r e c t  b e n e f i t  fac-  
t o r s  (e.g.,  advances i n  understanding of some category of d i s -  
e a s e  o r  ~ l l n e s s )  a r e  independent of t h e  s i z e  of S. 

We assume t h a t  b e n e f i t s  of each o b j e c t i v e  can be assessed 
by a vector  whose components q u a n t i t i z e  e f f e c t s  on a s e t  of mea- 
surement ca tegor ies .  For example 



o f  which t h e  f i r s t  q l r  

r e p r e s e n t  b e n e f i t s  (economic, p o l i t i c a l ,  s o c i a l ,  s c i e n t i f i c ,  e t c . )  
and  o f  which t h e  r e m a i n i n g  q 2  = q  - q l ;  

r e p r e s e n t s  c o s t s  ( a l s o  economic and p o l i t i c a l ) .  

L e t  m. measure  t h e  e f f e c t  o f  one  u n i t  o f  o b j e c t i v e  j  i n  
11 

t h e  i t h  c a t e g o r y  measurement s c a l e .  For  i 5 q l r  m i j  2 0 and f o r  

i > q l 1  m . .  =< 0 . 
11 

Next ,  l e t  

where f o r  e a c h  i (=  1 ,  . . . , p l ) ,  y . .  r e p r e s e n t s  t h e  amount o f  ob- 
1 1  

j e c t i v e  i c o n f e r r e d  o n  i n d i v i d u a l  j  under  t h e  h e a l t h  c a r e  pro-  
gram HC. 

Then, because  o f  o u r  l i n e a r i t y  assumpt ion  we c a n  measure  
t h e  c o n t r i b u t i o n  of  HC t o  t h e  s u b j e c t  p o p u l a t i o n  v i a  direct ben- 
e f i t s  a s  

where 



Le t  t h e  v e c t o r  

measure t h e  c o n t r i b u t i o n  o f  HC t o  t h e  i n d i r e c t  b e n e f i t s ;  t hen  
t h e  p-vector  

measures t h e  e x t e n t  t o  which each  of  t h e  p -ob jec t ives  has  been 
achieved  by HC . 

Now, l e t  

r e p r e s e n t  t h e  t o t a l  measure of  HC ( through a l l  o f  i t s  o b j e c t i v e s )  
on t h e  q measurement c a t e g o r i e s .  Then, a g a i n  r e l y i n g  on o u r  
l i n e a r i t y  assumption,  we s e e  t h a t  

D = MY, o r ,  e q u i v a l e n t l y  

EVALUATORS AND WEIGHTS 

The v e c t o r  D measures t h e  e f f e c t s  of  t h e  h e a l t h  c a r e  program 
HC i n  te rms  of  q d i f f e r e n t  c a t e g o r i e s  which t o  t h i s  p o i n t  have 
n o t  been g iven  compara t ive  va lues .  Indeed ,  t h e  p o s s i b i l i t i e s  and 
t h e  p r o p r i e t y  of  comparing t h e s e  d i f f e r e n t  c a t e g o r i e s  ( f o r  exam- 
p l e ,  l i f e  v e r s u s  money) have bo th  been ques t ioned  by many thought-  
f u l  pe r sons  i n t e r e s t e d  i n  h e a l t h  c a r e .  

However, d e c i s i o n s  a r e  made every  day from which we can  
deduce such comparisons ( t o  a  deg ree  of  p r e c i s i o n  which i n c r e a s e s  
w i th  t h e  number o f  obse rvab le  d e c i s i o n s ) .  Th i s  concept  of  
" i n v e r s e  v a l u a t i o n "  i s  an impor tan t  c o n t r i b u t i o n  of  systems ana ly-  
sis methodology. 



Inverse  va lua t ion  i s  f a r  more r e l i a b l e  when appl ied  t o  
a c t i o n s  of a s i n g l e  dec i s ion  maker o r  eva lua to r  than a t  a  group 
l e v e l  ( r eg iona l ,  n a t i o n a l ,  i n t e r n a t i o n a l )  . 

Consider, a  c o l l e c t i o n  of r eva lua to r s ,  

each of whom has h i s  own weight  v e c t o r  

and corresponding over -a l l  s c a l a r  va lua t ion  

f o r  HC. The r -vector  

V = [:'I . . = .TI) (where W = [W1, ..., W r l )  (30) 

'r 

con ta ins  a l l  of t h e  eva lua to r s '  s c a l a r  va lua t ions  of HC. 

It seems t o  us  unreasonable t o  expect  t h e  eva lua to r s  t o  
agree  on a common weight and we consider  t h i s  f e a t u r e  of our 
model i s  a key one. 

There i s  a s u b s t a n t i a l  methodology r e l a t e d  t o  s o c i a l  choice 
a lgor i thms [see ,  f o r  example, 7 1 .  One of t h e  simpler ones t h a t  
could be considered here i s  somehow t o  s e l e c t  a vec to r  Z of 
soc i e taZ  we igh t s  z l ,  ..., z f o r  t h e  r eva lua to r s ,  then r 

T T T BE = BE(HC) = Z V =  zlV1 + ... Z V = Z W M Y  r r (31) 

g i v e s  a s o c i e t a l  n e t  b e n e f i t  i n  terms of a s i n g l e  s c a l a r  measure. 

We have no easy method t o  propose f o r  t h e  s e l e c t i o n  of t h e  
vec to r  Z .  We would presume t h a t  i ts  s e l e c t i o n  would be t h e  ob- 
j e c t  of nego t i a t ions  between t h e  eva lua to r s .  This  nego t i a t ion  
might be express ib le  i n  game t h e o r e t i c  terms. 

I n  many con tex t s ,  s e l e c t i o n  of t h e  vec to r  Z i s  regarded a s  
a management prerogat ive .  I f  a  dec i s ion  maker is  respons ib le  
f o r  t h e  consequences of h i s  dec i s ion ,  he may i n s i s t  on d e t e r -  
mining h i s  own weights, even though a wise manager may f e e l  it 
important  t o  consider  t h e  views of those  impacted by h i s  dec i s ion .  



We review t h e  f i v e  main s t a g e s  of  t h e  model cons t ruc t ion :  

- Stage  One. I d e n t i f i c a t i o n  of  o b j e c t i v e s :  s e e  01, ..., 0 
Equations ( 1 3 ) ,  ( 1 4 ) ,  and ( 1 5 ) .  P' 

- Stage  Two. Measurement of  l e v e l s  of  achievement of  each 
o b j e c t i v e :  s e e  t h e  y i j  and y ~ q u a t i o n s  (20) - ( 2 4 ) .  

j  ' 
- Stage  Three. Sca l ing  of  each o b j e c t i v e  i n  a  multidimen- 

s i o n a l  va lue  space:  s e e  M I ,  ..., M and D,  Equations ( 1 7 ) ,  
q 

(181, (191, (251, and ( 2 6 ) .  

- Stage  Four. Determination of  r e l a t i v e  weights  f o r  t h e  
s e v e r a l  v a l u e  dimensions by r e l e v a n t  c l a s s e s  of evalu-  
a t o r s :  s e e  w and Vk,  Equat ions  (27) - (33) . 

j  k  
- Stage  Five .  Syn thes i s  o f  t h e  o u t p u t s  of  t h e  e a r l i e r  

s t a g e s  by t h e  r e s p o n s i b l e  d e c i s i o n  maker: s e e  Z ,  
Equation ( 3  1 ) . 

MEASUREMENT I N  BENEFIT-COST MODELS 

The most u n i v e r s a l  and p r i m i t i v e  l e v e l  of measurement i s  
t h e  nominal one [ see  8 p. 281. Th i s  l e v e l  i s  encountered he re  
i n  i d e n t i f y i n g  t h e  b e n e f i t  f a c t o r s  and t h e  measurement c a t e g o r i e s .  
For t h e  c a l c u l a t i o n s  i n  S tage  Four,  t h e  model parameters  m i j f  

Y i j f  yif w i i ,  and z must be measured a s  r e a l  numbers; s i n c e  a l l  i 
t h e s e  have a n a t u r a i  ze ro  p o i n t ,  they  a l l  r e q u i r e  r a t i o  s c a l e s  
[ see  8 p. 34, and 91. However, r a t i o  s c a l e s  a r e  no t  always read-  
i l y  a v a i l a b l e  and one may have t o  be con ten t  i n i t i a l l y  w i th  a  
s i m p l e  order  s c a l e  and t h e n  use  d e c i s i o n  theo ry  methods t o  
s t r e n g t h e n  t h e  s c a l e .  

A b e n e f i t - c o s t  model has  been developed by t h e  a u t h o r s  [ 6 ] .  
An a p p l i c a t i o n  of  t h i s  methodology t o  r e s e a r c h  p r o j e c t  s e l e c t i o n ,  
sponsored by t h e  S o c i a l  and R e h a b i l i t a t i o n  Se rv ice  (SRS), was 
c a r r i e d  o u t  a t  t h e  Texas I n s t i t u t e  of  R e h a b i l i t a t i o n  and Research 
by an i n t e r d i s c i p l i n a r y  team l e d  by D r .  William A. Spencer. This  
team i s s u e d  12 (working paper)  r e p o r t s  i n  1973 under t h e  acronym 
AARPS (Analy t ic  Aid f o r  Research P r o j e c t  S e l e c t i o n ) .  The c e n t r a l  
b e n e f i t - c o s t  model is  desc r ibed  by T h r a l l  and Cardus [61. The 
b e n e f i t  term has  t h e  form 

where 

PS = P r o b a b i l i t y  of success ,  

PU = P r o b a b i l i t y  of  u t i l i z a t i o n  i f  s u c c e s s f u l ,  



N = Number of i n d i v i d u a l s  i n  t h e  t a r g e t  popula t ion ,  

BI = Expected b e n e f i t  per  ind iv idua l  ( o r  u n i t )  impacted i f  
success fu l ,  

BS = I n d i r e c t  b e n e f i t s  i f  success fu l ,  

BF = Benef i t s  of  funding resea rch  whether o r  not  it is  
success fu l .  

Each of t h e s e  s i x  teams r e q u i r e s  i t s  own a n a l y s i s .  One f e a t u r e  
of t h e  a n a l y s i s  was a  Delphi s tudy which i d e n t i f i e d  2 3  components 
f o r  BI and another 2 3  components f o r  BS. A change of adminis t ra-  

t i o n  i n  SRS r e s u l t e d  i n  a  new philosophy of R&D management under 
which t h e  AARPS b e n e f i t  model was not  used. However, t h e  4 6  
b e n e f i t  components have been incorpora ted  i n t o  t h e  SRS proposal  
s t r u c t u r e .  

Baker and Freeland [ l o ]  have surveyed t h e  s t a t u s  of b e n e f i t  
measurement and p r o j e c t  s e l e c t i o n  methods, and Haimes and Hall  
[71 have developed a  methodology f o r  handling m u l t i o b j e c t i v e s  
t h a t  they then appl ied  t o  water r e source  systems a n a l y s i s .  One 
can o b t a i n  some apprec ia t ion  f o r  t h e  breadth  and ex ten t  of  s t u d i e s  
i n  b e n e f i t  measurement by not ing t h a t  none of Baker-Freeland's 
4 9  r e fe rences  i s  included i n  t h e  3 6  l i s t e d  i n  Haimes-Hall. We 
can expect  some convergence of t h e  s e v e r a l  independent approaches 
a s  they  a r e  presented  a t  p ro fess iona l  meetings and a s  more a p p l i -  
c a t i o n s  a r e  repor ted .  

Since much of t h e  measurement r equ i red  f o r  benef i t - cos t  
ana lyses  i s  n e c e s s a r i l y  " s o f t " ,  it may be u s e f u l  t o  c i t e  R a i f f a ' s  
D e c i s i o n  A n a l y s i s  [ I l l  and a  r e c e n t  review by Linstone and 
Turoff [ I  21 of t h e  Delphi Method. 

CONCLUSION 

We have presented here  a  po in t  of view which o u t l i n e s  an 
approach t o  benef i t - cos t  a n a l y s i s  i n  t h e  presence of mul t ip le  
o b j e c t i v e s  and wi th  a  m u l t i p l i c i t y  of d e c i s i o n  maker eva lua to r s .  
What we have done r e p r e s e n t s  only  t h e  f i r s t  s t e p s  on a  long 
t r a i l  t h a t  w i l l  need t o  be t r ave r sed  before  a  d e f i n i t i v e  model 
i s  obta ined.  However, we b e l i e v e  t h a t  each s t e p  along t h i s  
t r a i l  w i l l  provide u s e f u l  i n s i g h t s .  Each of t h e  v e c t o r s  and 
mat r i ces  i n  t h e  model p resen t s  a  r e sea rch  problem, and q u a l i t a -  
t i v e  i d e n t i f i c a t i o n  of t h e  components should be of  s u b s t a n t i a l  
use t o  p lanners .  
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S t r a t e g i c  Modeling f o r  Health Care Managers 

Edward B. Roberts and Gary B.  Hi rsch  

The complexity o f  t o d a y ' s  h e a l t h  c a r e  environment r e q u i r e s  
more comprehensive t o o l s  t o  h e l p  managers e s t a b l i s h  s u i t a b l e  
o r g a n i z a t i o n a l  g o a l s ,  develop  new programs and des ign  o v e r a l l  
p o l i c i e s  and t h e  p l ans  needed t o  ach ieve  them. Many h e a l t h  and 
s o c i a l  s e r v i c e  programs f a i l  because of  f l aws  i n  t h e i r  des ign  
t h a t  a r e  q u i t e  obvious when viewed i n  r e t r o s p e c t .  Others  a r e  
a b l e  t o  remian i n  o p e r a t i o n ,  bu t  never r e a l l y  become e f f e c t i v e  
a t  d e l i v e r i n g  t h e  u r g e n t l y  needed s e r v i c e s  t hey  were designed 
t o  provide .  Ou t r igh t  f a i l u r e  o r  prolonged i n e f f e c t i v e n e s s  i s  
u s u a l l y  t h e  r e s u l t  o f  a  f a i l u r e  on t h e  p a r t  of  p l anne r s  and ad- 
m i n i s t r a t o r s  t o  cons ide r  a l l  t h e  f a c t o r s  impinging on program 
e f f e c t i v e n e s s .  

During t h e  p a s t  seven y e a r s ,  t h e  s t r a t e g i c  modeling methods 
developed i n i t i a l l y  f o r  i n d u s t r i a l  o r g a n i z a t i o n s  have been e f f e c -  
t i v e l y  adapted t o  t h e  needs o f  h e a l t h  execu t ives .  These t o o l s ,  
based on p r a c t i c a l  a p p l i c a t i o n s  of  t h e o r i e s  and computer tech-  
n iques  c r e a t e d  a t  t h e  MIT Sloan  School o f  Management [ I ] ,  a l low 
s imul taneous  c o n s i d e r a t i o n  of t h e  complex s e t  of  f a c t o r s  t h a t  
de termine  whether a  h e a l t h  program w i l l  succeed o r  f a i l .  Once 
an adequate  s t r a t e g i c  model i n c o r p o r a t i n g  t h e s e  f a c t o r s  has  been 
assembled, it c a n  be used t o  h e l p  make d e c i s i o n s  concerning  pro- 
gram des ign ,  r e s o u r c e  a l l o c a t i o n  and t h e  cho ice  of program p o l i -  
c i e s .  Models can a l s o  be  used t o  a s s e s s  (be fo re  any r e s o u r c e s  
have a c t u a l l y  been committed t o  it) t h e  impact a  h e a l t h  program 
w i l l  have on i t s  socio-medical  environment and t h e  e f f e c t  t h a t  
changes i n  t h i s  environment w i l l  have on t h e  program. Even 
b e f o r e  a  program has  been conceived ,  s t r a t e g i c  models permi t  
p l anne r s  t o  s tudy  h e a l t h  problems and f i n d  t h e  l e v e r a g e  p o i n t s ,  
i . e . ,  where t h e  investment  o f  h e a l t h  c a r e  r e s o u r c e s  w i l l  b r i n g  
t h e  g r e a t e s t  r e t u r n .  The l eve rage  p o i n t s  can  a s s i s t  i n  d e f i n i n g  
t h e  program and de termining  t h e  a l l o c a t i o n  of  i ts i n e v i t a b l y  l i m -  
i t e d  r e sources .  

Beginning wi th  an i l l u s t r a t i v e  example, t h i s  a r t i c l e  i n d i -  
c a t e s  t h e  a r e a s  o f  a p p l i c a t i o n  o f  s t r a t e g i c  modeling t o  h e a l t h  
management i s s u e s  and reviews t h e  methodology needed f o r  devel -  
oping  and us ing  t h e s e  models. 

AN ILLUSTRATIVE EXAMPLE: PLANNING AN HMO 

D i f f i c u l t i e s  encountered i n  t h e  e s t ab l i shmen t  of  numerous 
prepaid  group p r a c t i c e s  and HMOs (Heal th  Maintenance Organiza- 
t i o n s )  sugges t  t h a t  a  model might h e l p  t o  a n t i c i p a t e  a r e a s  of 



manager ia l  problems. Such a  model might f i r s t  be l i m i t e d  t o  a  
v i s u a l  t r a c i n g  of t h e  major c a u s e s  and e f f e c t s  t h a t  a r i s e  i n  t h e  
development and o p e r a t i o n  of t h i s  t y p e  of  h e a l t h  o r g a n i z a t i o n .  

Basic  Flows 

The number of  s u b s c r i b e r s  t o  an  HMO grows a s  new s u b s c r i b e r s  
e n t e r  and d e c l i n e s  a s  d i s s a t i s f i e d  s u b s c r i b e r s  l e a v e .  Subscr ib-  
e r s  p r e s e n t  c a r e  needs t h a t  must be t r e a t e d  wi th  o u t p a t i e n t  s e r -  
v i c e s  o r  by h o s p i t a l i z a t i o n .  Because t h e s e  needs cannot  be  
d e a l t  w i th  i n s t a n t a n e o u s l y ,  a  c a r e  backlog g r a d u a l l y  b u i l d s  up. 
The backlog i s  reduced a t  a  t r e a t m e n t  r a t e  t h a t  i s  l i m i t e d  by 
t h e  number o f  d o c t o r s  employed by, o r  under c o n t r a c t  t o ,  t h e  
HMO. For  any g iven  number of d o c t o r s ,  t h e  t r e a t m e n t  r a t e  c a n  be 
i n c r e a s e d  t o  a  deg ree  by i n c r e a s i n g  i n d i v i d u a l  workloads and by 
employing paramedical  people.  Beyond t h a t  p o i n t ,  however, t h e  
c a r e  backlog beg ins  t o  grow. These o v e r a l l  system e lements  and 
t h e  r e l a t i o n s h i p s  among them a r e  shown i n  F igu re  1 .  
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Figure 1 .  Simple representation of care delivery. 

A s  t h e  number of s u b s c r i b e r s  grows and t h e i r  demands begin  
t o  exceed t h e  t r ea tmen t  c a p a c i t y  of  t h e  a v a i l a b l e  d o c t o r s ,  two 
mechanisms, i n  t h e  form of  n e g a t i v e  feedback c o n t r o l  l o o p s ,  come 
i n t o  p l ay  t o  r e l i e v e  t h e  s t r a i n .  The f i r s t ,  and more d e s i r a b l e  
o f  t h e  two, i s  t h e  ad jus tment  of  t h e  number of d o c t o r s  t o  match 
t h e  c a r e  needs of t h e  s u b s c r i b e r  popu la t i on .  When c a r e  backlogs 



begin t o  grow, t h e  r equ i r ed  number of d o c t o r s  a l s o  r i s e s  which 
mot iva t e s  h i r i n g .  The r a t e  a t  which new d o c t o r s  can be h i r e d  
may be dependent on t h e  s a l a r y  r ange  o f f e r e d  by t h e  HMO, a s  w e l l  
a s  o t h e r  i n f l u e n c e s .  More d o c t o r s  enab le  t h e  t r e a t m e n t  r a t e  t o  
b e  inc reased  and backlog t o  be reduced.  This  ad jus tment  mecha- 
nism i s  i l l u s t r a t e d  i n  F igu re  2 .  
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Figure 2.  Medical staff expansion loop. 

The nega t ive  s i g n  on t h e  d o t t e d  loop arrow i n d i c a t e s  a  s e t  
o f  c lo sed  r e l a t i o n s h i p s  t h a t  move towards t h e  d e s i r e d  goa l :  a s  
t h e  c a r e  backlog i n c r e a s e s ,  t h e  doc to r  h i r i n g  r i s e s  t o  i n c r e a s e  
t h e  medica l  t r e a t m e n t  r a t e ,  b r ing ing  t h e  c a r e  backlog down. 

The o t h e r  mechanism t h a t  reduces  t h e  s t r a i n  of l a r g e  c a r e  
needs i s  somewhat l e s s  d e s i r a b l e .  A s  t h e  c a r e  backlog r i s e s ,  
t h e  d e l a y  i n  g e t t i n g  c a r e  a l s o  i n c r e a s e s  and has a  n e g a t i v e  i m -  
p a c t  on s u b s c r i b e r  s a t i s f a c t i o n .  Subsc r ibe r s  s e n s i t i v e  t o  poor 
s e r v i c e  may l e a v e  t h e  HMO, reducing  t h e  number of  s u b s c r i b e r s .  
Care needs go down and t h e  backlog i s  reduced.  Th i s  second 
adjus tment  mechanism i s  shown i n  F igu re  3 .  It i s  a l s o  a nega- 
t i v e  feedback loop:  a s  c a r e  backlog i n c r e a s e s ,  s u b s c r i b e r s  a r e  
g r a d u a l l y  reduced,  b r ing ing  down t h e  c a r e  backlog.  

The two mechanisms shown i n  F igu res  2 and 3 a r e  o f t e n  a b l e  
t o  a d j u s t  workload t o  a  manageable l e v e l ,  b u t  they  do no t  always 
work. I f  t h e  HMO's a d m i n i s t r a t i o n  i s  ve ry  conse rva t ive  about  
h i r i n g  o r  c o n t r a c t i n g  f o r  a d d i t i o n a l  d o c t o r s  o r  i f  p a t i e n t s  a r e  
i n s e n s i t i v e  t o  d e l a y s  because o f  inadequate  acces s  t o  o t h e r  
sou rces  of  c a r e ,  t h e  backlog con t inues  t o  grow, p u t t i n g  i n c r e a s -  
i ng  s t r a i n  on t h e  s t a f f .  A v i c i o u s  c y c l e  ( p o s i t i v e  feedback 
loop)  may develop  i n  which t h e  over load  causes  d o c t o r s  t o  begin 
l e a v i n g  and t h e  number of  d o c t o r s  d e c l i n e s .  Treatment  r a t e  goes 
down and l e a v e s  t h e  remaining d o c t o r s  faced  wi th  a n  even l a r g e r  
c a r e  backlog.  This  v i c i o u s  c y c l e  can  l e a d  t o  a  s t e a d i l y  d e t e r i -  
o r a t i n g  s i t u a t i o n  i n  which fewer d o c t o r s  a r e  a v a i l a b l e  f o r  
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Figure 3. Subscriber dissatisfaction loop. 

growing c a r e  needs. The f a c t o r s  unde r ly ing  such a s i t u a t i o n  a r e  
shown i n  F igu re  4. The p o s i t i v e  s i g n  on t h e  l o o p  arrow i n d i c a t e s  
a p o s i t i v e  feedback loop ,  one t h a t  f o s t e r s  s e l f - ampl i fy ing  change. 
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Figure 4. Doctors leaving due to severe overloads. 

Such v i c i o u s  c y c l e s  a s  i n  F i g u r e  4 ,  more t y p i c a l  of  an  urban 
p u b l i c  c a r e  program t h a n  a p repa id  HMO, a r e  c l e a r l y  t o  be  avoid-  
ed. The management o f  t h e  HMO must t a k e  measures t o  avoid  s i t u -  
a t i o n s  l i k e  t h i s .  L imi t ing  t h e  growth i n  t h e  number o f  sub- 
s c r i b e r s  o r  having a temporary sou rce  of pa r t - t ime  d o c t o r s  t o  
p rov ide  f l e x i b l e  c a p a c i t y  du r ing  t h e  growth phase o f  t h e  HMO a r e  
p o s s i b l e  p r e v e n t i v e  measures. Deal ing w i t h  s i t u a t i o n s  a s  t h e y  
a r i s e ,  however, i s  o f t e n  no t  enough. By t h e  t i m e  a problem be- 
comes e v i d e n t ,  anyth ing  less t h a n  d r a s t i c  measures may be  inade-  
qua t e .  A s  t h e  number of  s u b s c r i b e r s  grows, t h e  number o f  d o c t o r s  
a v a i l a b l e  may s t i l l  seem s u f f i c i e n t .  However, a f t e r  s u b s c r i b e r s  



have been wi th  t h e  HMO f o r  some t ime,  they  become more knowl- 
edgeable about t h e  range  of medical  s e r v i c e s  a v a i l a b l e  t o  them 
and u t i l i z e  them more f r e q u e n t l y  f o r  h e a l t h  maintenance a s  we l l  
a s  t h e  t r ea tmen t  of  i l l n e s s .  By t h e  t ime t h i s  phenomenon be- 
comes e v i d e n t ,  it may be t o o  l a t e  t o  c o n t r o l  workload by l i m i t -  
i ng  new subsc r ibe r s .  Before many new d o c t o r s  can be h i r e d ,  t h e  
v i c i o u s  c y c l e  of d o c t o r s  l eav ing  and inc reas ing  workload p e r  
doc to r  may begin.  I f  t h e  HMO g e t s  a  r e p u t a t i o n  f o r  having a ve ry  
heavy workload, it w i l l  encounter  d i f f i c u l t i e s  i n  r e c r u i t i n g  new 
d o c t o r s  and t h e  v i c i o u s  c y c l e  may have d e v a s t a t i n g  e f f e c t s  on 
t h e  HMO's ope ra t ions .  

Another s e t  of v i c i o u s  c y c l e s  can  a l s o  have s e r i o u s  d e t r i -  
mental  e f f e c t s  on t h e  HMO. Unlike a convent ional  medical i n s u r -  
ance program t h a t  has  no f i x e d  overhead o t h e r  than  a d m i n i s t r a t i v e  
c o s t s ,  a  l a r g e  p ropor t ion  of an  HMO's expenses ( f o r  example, 
s a l a r i e s ,  r e n t s ,  c o n t r a c t s )  a r e  f i x e d  and must be pa id  regard-  
l e s s  of t h e  s u b s c r i b e r  popula t ion .  These l a r g e  f i x e d  c o s t s  i m -  
p ly  some breakeven p o i n t ,  a  s p e c i f i c  number of s u b s c r i b e r s  t h e  
HMO needs i n  o rde r  t o  o p e r a t e  wi thout  l o s i n g  money. New HMOs 
u s u a l l y  s e t  a s i d e  funds t o  d e a l  w i th  d e f i c i t s  dur ing  t h e  s t a r t -  
up per iod  wi thout  u n f a i r l y  burdening those  who a r e  among t h e  
f i r s t  t o  become subsc r ibe r s .  Suppose, however, t h a t  t h e  growth 
i n  t h e  number of s u b s c r i b e r s  dur ing  t h e  s t a r t - u p  per iod  i s  slower 
than  a n t i c i p a t e d .  D i f f i c u l t i e s  i n  s ign ing  up s u b s c r i b e r s  a s  
r a p i d l y  a s  expected might stem from peoples '  pe rcep t ion  of t h e  
HMO a s  a  provider  of " c l i n i c  medicine" o r  from t h e  f a c t  t h a t  
t h e r e  a r e  a l r eady  we l l - e s t ab l i shed  sources  of h e a l t h  c a r e  i n  t h e  
community. For a  l i m i t e d  per iod ,  t h e  s t a r t - u p  r e s e r v e  can  a c t  
a s  a  b u f f e r  between s u b s c r i b e r s  and t h e  ve ry  high t o t a l  c o s t  pe r  
a c t u a l  subsc r ibe r  e n r o l l e d .  Eventual ly ,  though, t h e s e  high c o s t s  
have t o  be r e f l e c t e d  i n  h igher  premiums u n l e s s  some of t h e  s t a f f  
a r e  r e l e a s e d .  Because an  HMO's p r o f e s s i o n a l  s t a f f  i s  o f t e n  under 
c o n t r a c t ,  t h i s  remedy is f r e q u e n t l y  not  a v a i l a b l e  o r ,  f o r  o t h e r  
good reasons ,  a d m i n i s t r a t o r s  a r e  r e l u c t a n t  t o ~ a p p l y  it. Should 
h igher  premiums r e s u l t ,  t h e  HMO would become even l e s s  a t t r a c t i v e  
compared t o  convent ional  arrangements,  new enrol lments  would de- 
c l i n e  even f u r t h e r ,  and some of t h o s e  i n  t h e  HMO would dec ide  
t h a t  it had become t o o  expensive and drop ou t .  The c o s t  per  
s u b s c r i b e r  would then  i n c r e a s e  even f u r t h e r  and t h e  remaining 
s u b s c r i b e r s  would have t o  pay s t i l l  h igher  premiums. This  v i -  
c i o u s  c y l c e  might c a u s e a  promising HMO t o  d i e  be fo re  it ever  
r e a l l y  g o t  o f f  t h e  ground. The c a u s a l  f a c t o r s  t h a t  could pro- 
duce t h i s  c y c l e  a r e  shown i n  F igure  5,  which inc ludes  a p o s i t i v e  
feedback loop a f f e c t i n g  s u b s c r i b e r s  leaving.  

The e x i s t e n c e  of a  c a u s a l  s t r u c t u r e  t h a t  can  produce t h i s  
kind of problem sugges t s  a  need f o r  a t  l e a s t  two measures t o  
p r o t e c t  t h e  f l e d g l i n g  HMO. One i s  t h e  p rov i s ion  of a  l i n e  of 
c r e d i t  through governmental o r  p r i v a t e  sources  f o r  HMOs t h a t  
f i n d  t h e i r  s t a r t - u p  r e s e r v e s  inadequate  t o  cover i n i t i a l  l o s s e s .  
The o t h e r  measure i s  t h e  g radua l  a c q u i s i t i o n  of  s t a f f  and f a c i l -  
i t i e s  by t h e  HMO dur ing  i t s  growth per iod .  Both measures would 
h e l p  t o  prevent  t h e  HMO from f a l l i n g  i n t o  t h e  v i c i o u s  c y c l e  
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Figure 5.  Cost increases resulting from slow growth. 

desc r ibed .  The a l l o c a t i o n  o f  more r e sources  t o  market ing a c t i v -  
i t i e s  would a l s o  he lp .  

The l a s t  problem t o  be d i scussed  i n  t h e  c o n t e x t  o f  t h i s  
s imple  i l l u s t r a t i v e  model i s  ano the r  v i c i o u s  c y c l e  t h a t  can a f -  
f e c t  an  HMO i n  e i t h e r  i t s  growth phase o r  i t s  long-term phase of  
s t a b l e  o p e r a t i o n s .  I f  t h e  e f f i c i e n c y  o f  t h e  H M O ' s  o p e r a t i o n s  
begins  t o  d e c l i n e ,  more s t a f f  have t o  be h i r e d  and f a c i l i t i e s  
acqui red  t o  s e r v e  t h e  same number of  s u b s c r i b e r s .  Cos t s  pe r  
s u b s c r i b e r  go  up and a r e  e v e n t u a l l y  r e f l e c t e d  i n  h igher  premiums. 
People who a r e  o f t e n  ill and r e q u i r e  c a r e  may n o t  be bothered  
by t h e  h igher  premiums, f e e l i n g  t h a t  they  can  s t i l l  g e t  t h e i r  
money's worth. People who a r e  h e a l t h i e r  and g e t  less use  o u t  o f  
a h e a l t h  program would be less w i l l i n g  t o  j o i n  t h e  HMO a s  i t s  
premiums r i s e .  S i m i l a r l y ,  h e a l t h i e r  people a l r e a d y  e n r o l l e d  i n  
t h e  HMO may be  motivated by h igher  premiums t o  drop  o u t  whi le  
t h o s e  who u t i l i z e  s e r v i c e s  more f r e q u n e t l y  w i l l  be  l e s s  s e n s i t i v e  
t o  premium i n c r e a s e s .  The expens ive  HMO, i n  e f f e c t ,  becomes a 
f i l t e r ,  drawing i n  people who r e q u i r e  more c a r e  whi le  d i scour -  
ag ing  and d r i v i n g  o u t  t h o s e  who a r e  h e a l t h i e r  and would not  u t i -  
l i z e  i t s  s e r v i c e s  very  f r e q u e n t l y .  The average  morbid i ty  of 
s u b s c r i b e r s  i n c r e a s e s  a s  a r e s u l t  of t h i s  f i l t e r  e f f e c t  and c a r e  
needs go  up. I f  t h e  HMO improves b e n e f i t s  t o  compensate par-  
t i a l l y  f o r  t h e  h igher  premiums, u t i l i z a t i o n  can  go up even f u r -  
t h e r  and t h e  HMO may a l s o  become even more a t t r a t i v e  t o  t h o s e  
who a r e  ve ry  ill. Higher u t i l i z a t i o n  c r e a t e s  l a r g e r  backlogs 
and g r e a t e r  r e source  requi remtns ,  e s p e c i a l l y  more d o c t o r s .  A s  
d o c t o r s  a r e  h i r e d  and o t h e r  r e sources  acqu i r ed ,  c o s t s  go  up and 
f o r c e  h igher  premiums t o  complete t h e  c y c l e .  The s t r u c t u r e  t h a t  
produces t h i s  behavior  i s  shown i n  F igu re  6 .  

Two s t r a t e g i e s  can  be  employed t o  prevent  o r  g e t  o u t  of  
t h i s  v i c i o u s  cyc le .  The HMO should have a cos t -account ing  sys-  
t e m  t h a t  r e v e a l s  whether excess ive  c o s t  i n c r e a s e s  a r e  due t o  
o p e r a t i n g  i n e f f i c i e n c i e s  o r  a r e  caused by a r i s i n g  average  
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Figure 6. Factors that generate higher costs and greater average morbidity. 
(dotted loop arrows are omitted for simplification.) 

morb id i ty  among s u b s c r i b e r s .  I f  i n e f f i c i e n t  o p e r a t i o n s  a r e  shown 
t o  be t h e  cause  o f  r i s i n g  c o s t s ,  a  s t r a t e g y  should be used t h a t  
focuses  on c o s t  c o n t r o l  and a l l o c a t e s  more e f f o r t  t o  cos t - sav ing  
s t u d i e s ,  measures t o  improve e f f i c i e n c y  and t h e  i n t r o d u c t i o n  of 
labor-saving  technology.  I f ,  on t h e  o t h e r  hand, t h e  H M O ' s  c o s t s  
seem t o  be  r i s i n g  because it i s  s e r v i n g  h igher  c o s t  s u b s c r i b e r s ,  
a  s t r a t e g y  of  s e l e c t i v e  market ing i s  i n  o r d e r .  S e l e c t i v e  mar- 
k e t i n g  can  be c a r r i e d  o u t  i n  s e v e r a l  ways. E f f o r t s  t o  s t i m u l a t e  
new enrol lment  can  be d i r e c t e d  a t  groups t h a t  a r e  expected t o  
c o n t a i n  most ly  low u t i l i z e r s .  Experience r a t i n g  under which 
groups  w i t h  proven low u t i l i z a t i o n  a r e  o f f e r e d  lower premiums i s  
ano the r  way of  overcoming high u t i l i z a t i o n  problems. Adjustment 
of t h e  b e n e f i t  package i n  a  way t h a t  would no t  a f f e c t  low u t i -  
l i z e r s  ve ry  much b u t  would d i scourage  h igh  u t i l i z e r s  i s  a  t h i r d  
a l t e r n a t i v e .  The u s e  of a t  l e a s t  one of t h e s e  a l t e r n a t i v e s  may 
be necessary  i f  t h e  r i s i n g  average  morbidity--high c o s t  c y c l e  
is  t o  be avoided.  

The complete model s t r u c t u r e  a s  developed t h u s  f a r  is shown 
i n  F igu re  7 .  
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Figure 7. Complete HMO model structure for illustrative example. 

Using t h e  Model 

The p rocess  of  developing  a  v i s u a l  cause-and-effect  model 
o f  t h e  type  i l l u s t r a t e d  i s  u s e f u l  i n  p lanning  s t r a t e g y .  It he lps  
t o  u n i t e  a  m u l t i d i s c i p l i n a r y  s t a f f  i n  p u r s u i t  of  a  common goa l  
and on p o l i c y  i s s u e s  t h a t  s t and  i n  t h e  way of e f f e c t i v e  program 
des ign .  When s t a f f  p e r c e i v e  t h e  i n t e r r e l a t i o n s h i p  between t h e  
d i f f e r e n t  f u n c t i o n a l  a r e a s  of  a  h e a l t h  o r g a n i z a t i o n ,  they  come 
t o  understand t h e i r  common o b j e c t  and interdependence.  The u s e  
o f  v i s u a l  modeling t o  h e l p  i n  s o l v i n g  problems and t o  d e c i d e  on 
f u t u r e  s t r a t e g y  h a s  now been app l i ed  s u c c e s s f u l l y  t o  s e v e r a l  com- 
p l ex  h e a l t h  o r g a i n z a t i o n s  [ 2 ] .  



But i n  many c a s e s  t h e  complexity w i l l  wa r ran t  f u r t h e r  e l ab -  
o r a t i o n  and d e t a i l i n g  of t h e  v i s u a l  model and r e p r e s e n t a t i o n  i n  
computer language t o  enab le  more r i g o r o u s  a n a l y s i s .  For t h e  type  
o f  model i l l u s t r a t e d  i n  F igu re  7 a s p e c i a l  language h a s  been 
developed,  c a l l e d  DYNAMO [ 3 ] ,  t h a t  pe rmi t s  easy  t r a n s l a t i o n  of  
t h e  v i s u a l  model i n t o  mathematical  equa t ions  i n  computer form. 
The computer can then  s imula t e  t h e  e f f e c t  on t h e  model over  a 
pe r iod  o f  t ime of  a v a r i e t y  o f  p o s s i b l e  o r  l i k e l y  s c e n a r i o s .  
Th i s  i s  of a s s i s t a n c e  i n  f o r e c a s t i n g  t h e  r e s u l t s  of v a r i o u s  man- 
agement p o l i c i e s .  

For example, even wi th  t h e  s imple HMO model d e s c r i b e d ,  a 
set o f  DYNAMO s imula t ions  can h e l p  t o  answer some of  t h e  f o l -  
lowing ques t ions :  

- What problems ( i n  a d d i t i o n  t o  t h e  ones  d i s c u s s e d )  a r e  
l i k e l y  t o  a r i s e  du r ing  t h e  growth phase o r  s t a b l e  oper-  
a t i o n  o f  t h e  HMO? 

- What p o l i c y  of  h i r i n g  d o c t o r s  w i l l  y e i l d  t h e  lowest  c o s t  
f o r  t h e  HMO wh i l e  c r e a t i n g  t h e  h i g h e s t  p o s s i b l e  l e v e l s  
of  s a t i s f a c t i o n  f o r  both  s u b s c r i b e r s  and d o c t o r s ?  

- What p o l i c i e s  f o r  r e f l e c t i n g  c o s t s  i n  premiums should be 
fol lowed? Allowing premiums t o  l a g  very  f a r  behind c o s t s  
w i l l ,  of cou r se ,  l ead  t o  bankruptcy.  Adjus t ing  premiums 
t o o  q u i c k l y  i n  response  t o  r i s i n g  c o s t s  may l e a d  t o  t h e  
high cost--high morbid i ty  v i c i o u s  c y c l e .  S imula t ions  
c a r r i e d  o u t  wi th  t h e  model can i n d i c a t e  t h e  proper  ba l -  
ance  necessary  t o  avoid  e i t h e r  s i t u a t i o n .  

Even t h i s  s imple  a model can h e l p  t h e  d e c i s i o n  makers i n  t h e  HMO 
t o  choose t h e  r i g h t  p o l i c i e s  f o r  hea l thy  growth and smooth opera-  
t i o n .  A more d e t a i l e d  model can h e l p  them wi th  d e c i s i o n s  on a 
wider  r ange  of  i s s u e s .  

I n  f a c t ,  a model r e f l e c t i n g  many of t h e  i s s u e s  d i scussed  
above was developed a s  p a r t  of  an  HMO planning p rocess  f o r  t h e  
A l b e r t  E i n s t e i n  Col lege  of  Medicine i n  New York [4]. The model 
con ta ined  f a r  more d e t a i l ,  t a k i n g  i n t o  c o n s i d e r a t i o n  s p e c i f i c  
c h a r a c t e r i s t i c s  of  a v a r i e t y  of  p o t e n t i a l  s u b s c r i b e r s ,  a s  we l l  
as s e v e r a l  a l t e r n a t i v e  t r ea tmen t  programs. Development and com- 
p u t e r  s imu la t ion  of  t hak  model helped t o  persuade t h e  medical  
school  t h a t  an  HMO would be r e l a t i v e l y  i n e f f e c t i v e  and o v e r l y  
expens ive  under t h e  then  e x i s t i n g  environmental  c o n d i t i o n s .  They 
t h e r e f o r e  dec ided  n o t  t o  proceed w i t h  t h e  HMO. An e a r l i e r  ver-  
s i o n  of  a s i m i l a r  HMO model was h e l p f u l  i n  p lanning  t h e  deve l -  
opment o f  t h e  Harvard Community Health P lan ,  a medical  school  
sponsored HMO i n  a ve ry  d i f f e r e n t  s e t t i n g .  

DEVELOPING STRATEGIC HEALTH CARE MODELS 

The most u s e f u l  models f o r  so lv ing  s t r a t e g i c  c a r e  d e l i v e r y  
problems and f o r  p lanning  new h e a l t h  educat ion  o r  h e a l t h  s e r v i c e  



programs are those developed by teams of senior managers and 
program leaders working in collaboration with model-building 
specialists. Active participation of the health organization's 
leadership group assures that the model more accurately repre- 
sents the real world system and improves its chances of being 
used by planners and decision makers. This group of participants 
provide the model-builders with an initial set of impressions, 
experiences, anecdotes, and intuitive feelings which, when com- 
bined with hard data and documented case studies, become the 
basis for a visual model structure. 

As the visual cause-and-effect model evolves, those team 
members with experience of health problems criticize and modify 
its formulations until an acceptable structure is achieved. The 
model is then represented by equations in the special-purpose 
computer language and "run" to determine its basic behavior un- 
der a baseline set of data and assumptions. Its behavior is 
studied by the experts. If it is deemed unrealistic, its struc- 
ture is further revised. An attempt should be made to avoid 
collecting unnecessary and extensive data. Attention should be 
confined, at least initially, to the relatively few parameters 
whose accuracy is significant in explaining system behavior. 
Experience has shown that wide variation in most of a model's 
parameters has little effect on system behavior. Usually only 
a few parameters have much influence. These sensitive parameters 
are found by performing baseline runs with changes in only one 
parameter per run. The few that produce major behavior shifts 
are then more carefully researched. 

Once the model has been developed in this manner, the health 
services people in the modeling team help to suggest topics for 
research, develop hypotheses, propose experiments, and evaluate 
the implications for program planning of simulation results. 
Their participation is also essential to achieve the implementa- 
tion of the appropriate set of programs, organizational forms, 
policy sets and linkages among service units and provision of 
supportive services in an operating program. 

Model building is useful because it forces team members to 
clarify their assumptions about the causes of service delivery 
problems. Where these assumptions differ, the model serves as 
a vehicle for achieving consensus. In the course of building a 
model, many interesting (and sometimes at first sight, unlikely) 
hypotheses are evolved about the structure of the system and 
the corresponding effect on behavior. These can then be tested 
by means of the model. As a completed model emerges, its feed- 
back loops become more apparent and more elaborate behavioral 
hypotheses can be formulated. 

The completed model has several uses. Primarily, it enables 
the health care manager or planner to ask "What if?" questions 
and perform simulations to get the answers. Simulation helps to 
prevent experimental tampering with existing programs or setting 
up new ones that may have critical flaws. firther sensitivity 



a n a l y s i s  c a n  be done  w i t h  t h e  comple ted  model t o  i d e n t i f y  l e v e r -  
a g e  p o i n t s  and  s u g g e s t  a d d i t i o n a l  t o p i c s  f o r  r e s e a r c h .  O p e r a t i n g  
models  c a n  a l s o  s e r v e  t o  in form p o e p l e  who were n o t  i n v o l v e d  i n  
b u i l d i n g  t h e  model.  By o b s e r v i n g  t h e  e f f e c t s  on i t s  b e h a v i o r  of  
c h a n g e s  i n  p o l i c i e s  and p a r a m e t e r s ,  s u c h  p e o p l e  c a n  b e t t e r  under -  
s t a n d  t h e  dynamic f o r c e s  a t  work i n  t h e  r e a l - w o r l d  system.  Mod- 
e l s  a r e  open-ended and c a n  a l w a y s  b e  m o d i f i e d  t o  i n c l u d e  a n a l y s e s  
o f  more d e t a i l e d  a s p e c t s  o f  t h e  s y s t e m  s t r u c t u r e .  I f  a g roup  o f  
h e a l t h  program p l a n n e r s  have a f a i r l y  good model of t h e  o p e r a t i o n s  
and economics o f  t h e i r  p l a n ,  b u t  a r e  wondering a b o u t  community 
r e a c t i o n  t o  t h e  program, a community r e s p o n s e  s e c t o r  c a n  be add- 
ed t o  t h e  model.  Many,such i s s u e s  c a n  b e  h a n d l e d  i n  t h i s  manner.  

AREAS OF APPLICATION OF STRATEGIC HEALTH CARE MODELING 

Al though  dynamic h e a l t h  sys tem models  h a v e  been under  d e v e l -  
opment f o r  o n l y  s e v e n  y e a r s ,  t h e y  have a l r e a d y  been a p p l i e d  t o  
management i s s u e s  i n  academic m e d i c a l  c e n t e r s ,  h o s p i t a l s  and 
community c a r e  o r g a n i z a t i o n s ;  t h e y  have a l s o  been  used i n  s e v e r a l  
manpower p l a n n i n g  and h e a l t h  p o l i c y  a r e a s .  F o r  example,  i n  a d d i -  
t i o n  t o  t h e  HMO p l a n n i n g  models f o r  E i n s t e i n  and Harvard de-  
s c r i b e d  above ,  t h e  models  b u i l t  f o r  t h r e e  o t h e r  m e d i c a l  s c h o o l s  
have r e v e a l e d  a set  o f  c a u s a l  f a c t o r s  common t o  a l l  t h r e e  s c h o o l s  
and t h e  p rob lems  t h e y  f a c e .  One of  t h e s e  models f o c u s e s  on f u -  
t u r e  p a t i e n t  u t i l i z a t i o n  o f  a m e d i c a l  s c h o o l ' s  t e a c h i n g  h o s p i t a l  
a n d  problems t h a t  may c a u s e  u t i l i z a t i o n  t o  d e c l i n e  below l e v e l s  
needed f o r  t e a c h i n g  p u r p o s e s .  Another  d e a l s  w i t h  t h e  number o f  
s t u d e n t s  t h a t  c a n  be accomodated i n  t h e  v a r i o u s  programs a t  a n  
academic h e a l t h  c e n t e r  w i t h o u t  d e t r i m e n t  t o  t h e  q u a l i t y  of  t r a i n -  
i n g  and o f  p a t i e n t  c a r e  p r o v i d e d  by t h e  h e a l t h  c e n t e r ,  f o c u s i n g  
on  t h e  problems a s s o c i a t e d  w i t h  e n r o l l i n g  t o o  many s t u d e n t s .  A 
t h i r d  model d e a l s  w i t h  d i f f i c u l t i e s  e n c o u n t e r e d  by a m e d i c a l  
s c h o o l  i n  i t s  r e l a t i o n s h i p s  w i t h  a number of  i t s  a f f i l i a t e d  hos- 
p i t a l s .  D e s p i t e  t h e  a p p a r e n t  d i v e r s i t y  o f  t h e  problems and t h e  
g r e a t  d i f f e r e n c e s  i n  t h e  s c h o o l s  o n  whose b e h a l f  t h e y  a r e  b e i n g  
modeled, t h e  r e l a t i o n s h i p s  diagrammed i n  F i g u r e  8 s e e m  a p p l i c a b l e  
i n  a l l  t h r e e  c a s e s .  (They a r e ,  o f  c o u r s e ,  r e p r e s e n t e d  i n  t h e  
f i g u r e  a t  t h e  o v e r a l l  l e v e l ;  t h e  set  o f  r e l a t i o n s h i p s  i n v o l v e d  
i n  each  model i s  much more complex.)  

I n  e a c h  o f  t h e s e  m e d i c a l  c e n t e r  p r o j e c t s ,  t h e  i n t e r p l a y  
between a m e d i c a l  s c h o o l  and one o r  more t e a c h i n g  h o s p i t a l s  was 
c e n t r a l  t o  t h e  p r i n c i p a l  problem a n a l y z e d .  Work h a s  been  c a r r i -  
ed o u t  i n  a p p r a i s i n g  s t r a t e g i c  p l a n n i n g  i s s u e s  a t  s e v e r a l  o t h e r  
h o s p i t a l s  a s  w e l l .  For  example,  [ 2 ]  d e s c r i b e s  t h e  model ing o f  
a community-based h o s p i t a l  f a c i n g  a d e c l i n e  i n  t h e  numbers o f  
b o t h  o u t -  and  i n - p a t i e n t s  which s e r i o u s l y  t h r e a t e n e d  t h e  v i a -  
b i l i t y  of t h e  whole o r g a n i z a t i o n .  F i g u r e  9 s u g g e s t s  p a r t  o f  t h e  
p r e d i c a m e n t  f a c e d  by t h a t  h o s p i t a l .  

The d i a g r a m  i n d i c a t e s  t h a t  if t h e  O u t - P a t i e n t  Department  
(OPD) " d r i e s  up" ,  t h e  h o s p i t a l  c e n s u s  w i l l  d e c l i n e  and  t h e  a c u t e  
s e r v i c e s  would e v e n t u a l l y  have  t o  be d i s c o n t i n u e d .  Tha t  is 
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because a declining hospital census will make it harder to main- 
tain the ancillary support services (for example, lab, x-ray) 
and to justify the purchase of needed equipment. This will in 
turn reduce the attractiveness of the hospital to physicians, 
reduce the quality of OPD care, and further reduce the number 
of hospital admissions (i.e., OPD will have to refer more pa- 
tients elsewhere). This downward spiral could result in the dis- 
continuation of acute services, which would lead to a further 
decline in the quality of OPD care. 

In that hospital, the building of the model led to a broad 
program of institutional change, now largely implemented, that 
has reversed the downward spiral. The hospital is now past its 
crisis phase and is steadily improving in health. Other strate- 
gic models have focused upon mental hospitals [5] and community 
mental health centers 161, ambulatory care [7] and emergency 
care [8]. The model specialists have also been commissioned by 
neighboring Boston-area institutions and have built models deal- 
ing with issues at Massachusetts General Hospital, New England 
Medical Center Hospital, Boston City Hospital, and Cambridge 
Hospital. 

Manpower planning is the focus of two major current modeling 
projects, which seek to understand supply, demand and impact upon 
care in the separate areas of dental care and nursing. Earlier 
efforts in the dental area [9] have now been expanded into the 
largest computerized dynamic model yet developed, treating over 
2000 detailed variables relating to the future of dentistry. A 
similar effort in the nursing field is now underway in collabo- 
ration between the Division of Nursing of the Western Interstate 
Commission on Higher Eduction (WICHE) and Pugh-Roberts Associates 
of Cambridge, Massachusetts. 

In broader aspects of health policy, strategic modeling has 
attempted to cope with the complexities of comprehensive health 
planning, with defensive medicine [lo], and the total system of 
urban heroin addiction, its consequences and the various strat- 
egies for dealing with it [ll]. The latter work exemplifies the 
type of comprehensive analysis that is possible using dynamic 
models. At a time when the nation was acclaiming the apparent 
end of the drug problem, the analysis concluded that drug abuse 
persisted and would not soon be eradicated, an assessment now 
firmly supported by the latest nationwide studies. 

As indicated above, strategic models can serve a number of 
useful functions for health program administrators and planners. 
For some of the basic managerial functions such as problem diag- 
nosis, resource allocation, decision making, cost-benefit analy- 
sis, evaluation of alternative program and assessment of the re- 
sults of proposed programs, they can be extremely useful to any 
health program, planned or operating. There are several other 
specific areas in which it might be worthwhile to use models: 



- Analyzing the relationship between living conditions and 
health to identify the most effective public health mea- 
sures to help maintain good health. This would involve 
developing models that related to the overall health of 
the client population such environmental factors as poor 
nutrition, overcrowding, inadequate pre-natal and child 
care, lead poisoning and the tensions of living in areas 
of extreme poverty. Such models would allow planners to 
find the most effective allocation of resources among the 
corresponding public health programs. 

- Designing programs to deal with illnesses whose treatment 
is complicated by the fact that they are regarded as so- 
cially reprehensible. Models representing the forces 
impinging upon such problems as alcoholism and narcotics 
addiction (for example, how people become involved, puni- 
tive societal response, etc.) help planners to design 
comprehensive programs that deal with every aspect of the 
problem, including prevention, treatment, rehabilitation, 
follow-up and changing community attitudes to the prob- 
lem. 

- Exploring needs for program and technolgical development 
in order to determine high-priority topics for research 
and development, i.e., analysis of the problems confront- 
ing the care delivery system by using models to find the 
points at which technological or programmatic innovations 
would be especially useful in reducing the cost of care 
or improving its quality. This approach has been used in 
other industries, but not yet in the area of health care 
technology. 

- Epidemiological models can be developed to design a com- 
prehensive approach to particular diseases and health 
programs. These models can be used to evaluate the cost 
effectiveness of various strategies and to find the most 
effective measures of prevention and mass treatment. 
Academic models showing the feasibility of this approach 
already exist [12,13] . 

Strategic models represent flexible tools for decision making, 
resource allocation, policy design and program evaluation. As 
demonstrated with the HMO example, models can be built to include 
the important causal factors that determine the success or fail- 
ure and effectiveness of any program. With these models, it is 
possible to take the right steps to make programs successful and 
avoid many of the pitfalls that spell the end of well-intentioned 
but poorly designed programs. The causal factors underlying par- 
ticular health problems can also be assembled into models that 
reveal the set of programs and policies needed to alleviate them. 
Many remedial efforts, when based on an incorrect or incomplete 
understanding of problems, fail to have any effect or actually 
make matters worse. Through strategic models, managerial planners 
and problem-solvers can understand better the causes of problems 
and foresee the effects of remedial efforts; they can choose the 
most effective remedial programs and eschew harmful ones. 
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Modeling t h e  Aus t r i an  Heal th  Care System 

P e t e r  F l e i s s n e r  

THE RESEARCH TEAM AND ITS STRUCTURE 

A t  t h e  beginning of  1972, a  group of  2 0  s c i e n t i s t s  s t a r t e d  
t o  ana lyze  t h e  long-term development of medica l  c a r e  i n  Aus t r i a .*  
Sponsored by t h e  Aus t r i an  Prime M i n i s t e r  and l o c a t e d  a t  t h e  
I n s t i t u t e  f o r  Advanced S t u d i e s ,  Vienna, under t h e  s c i e n t i f i c  
l e a d e r s h i p  of P ro fe s so r  Naschold ( U n i v e r s i t y  of  Konstanz, FRG), 
t h e  group d i d  a  p o l i t i c a l  and economic a n a l y s i s  of  t h i s  c r i t i c a l  
s e c t o r  o f  Aus t r i an  s o c i e t y .  An i n t e r d i s c i p l i n a r y  approach was 
needed t o  d e a l  w i th  t h e  d i f f e r e n t  a s p e c t s  of t h e  medica l  c a r e  
systems (MCS); and t h i s  i s  r e f l e c t e d  i n  t h e  composi t ion of t h e  
team ( s e e  F igu re  1 ) :  

Figure 1. Composition of the team. 
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THE SCOPE OF THE PROJECT* 

The scope o f  t h e  p r o j e c t  was ve ry  broad.  S t a r t i n g  from t h e  
meaning and h i s t o r y  o f  h e a l t h  and i l l n e s s  i n  d i f f e r e n t  t y p e s  of 
s o c i e t i e s ,  t h e  team proceeded t o  a n  a n a l y s i s  of  marke t -or ien ted  
c o u n t r i e s ,  f ocus ing  on t h e  A u s t r i a n  MCS. The fo l lowing  main 
f e a t u r e s  of  t h e  Aus t r i an  system were cons idered:  

- P u b l i c  h e a l t h  i n su rance ,  which cove r s  more t h a n  95 per -  
c e n t  o f  t h e  popula t ion ;  

- P r i v a t e  monopolies o r  o l i g o p o l i e s  such a s  t h e  pharmaceu- 
t i c a l ,  c o n s t r u c t i o n ,  and e l e c t r o n i c  i n d u s t r i e s ,  p r i v a t e  
g e n e r a l  p r a c t i t i o n e r s ,  s p e c i a l i s t s ,  and p r i v a t e  h e a l t h  
i n su rance  companies which c o e x i s t  w i t h  p u b l i c  h e a l t h  
i n su rance ;  

- Unequal d i s t r i b u t i o n  of  medical  f a c i l i t i e s  and i n s t i t u -  
t i o n s ,  low d e n s i t y  i n  low-income d i s t r i c t s  ( i n  r u r a l  
a r e a s  and i n  d i s t r i c t s  where b l u e - c o l l a r  workers  l i v e ) ;  

- Cost  exp los ion  i n  t h e  h o s p i t a l  s e c t o r  and i n c r e a s e s  i n  
g e n e r a l  p r a c t i t i o n e r  (GP) f e e s  and i n  p r i c e s  of  pharma- 
c e u t i c a l s ;  

- Very poor r e s u l t s  i n  o v e r a l l  h e a l t h  i n d i c e s  of  t h e  popu- 
l a t i o n ,  l a c k  o f  improvement i n  l i f e  expectancy f o r  males,  
h igh  i n f a n t  m o r t a l i t y ,  h igh  r a t e s  o f  l i v e r  c i r r h o s i s  and 
lung  cance r ,  u n s a t i s f a c t o r y  h o s p i t a l  c a r e  f o r  t h e  e l d e r l y ,  
non in t eg ra t ed  occupa t iona l  h e a l t h  c a r e  system. 

The team i s o l a t e d  f i v e  s e c t o r s  o f  t h e  Aus t r i an  MCS f o r  de- 
t a i l e d  i n v e s t i g a t i o n :  t h e  p r i v a t e  GP system, h o s p i t a l  c a r e ,  
problems o f  d i s t r i b u t i o n  of  medica l  c a r e  i n  r u r a l  a r e a s ,  psychi-  
a t r i c  d i s e a s e  and c a r e ,  and occupa t iona l  h e a l t h .  

S t r a t e g i e s  were developed f o r  more equa l  d i s t r i b u t i o n  o f  
t h e  MCS. P reven t ive  r a t h e r  t h a n  c u r a t i v e  measures w e r e  e labo-  
r a t e d ,  a s  f o r  example, t h e  fo l lowing:  

*.Besides t h e i r  s c i e n t i f i c  work, t h e  team communicate t h e i r  i d e a s  
and r e s u l t s  t o  t h e  pub l i c .  They coopera ted  i n  a  TV f i l m  on 
s i c k n e s s  i n  A u s t r i a ,  and f o r  one month had d a i l y  u s e  of  one o r  
two pages of  t h e  b i g g e s t  A u s t r i a n  newspaper. Soon o t h e r  news- 
pape r s  took  up t h e  i s s u e ,  and h e a d l i n e s  appeared d e a l i n g  wi th  
medica l  c a r e  i n  A u s t r i a .  Although t h i s  campaign was success-  
f u l ,  no change i n  t h e  h e a l t h  c a r e  system has  y e t  t aken  p l ace .  
Indeed,  t h e  s i t u a t i o n  is worse t h a n  b e f o r e  because of  economic 
d i f f i c u l t i e s ;  governmental budgets  a r e  expec ted  t o  be  v e r y  
t i g h t  nex t  yea r .  



- An i n t e g r a t e d  hea l th  c a r e  system t h a t  included occupa- 
t i o n a l  h e a l t h  and was respons ib le  t o  workers'  counc i l s  
and labor  unions; 

- Reforms of t h e  pure food and drug laws; 

- In t h e  t r a n s p o r t a t i o n  and road t r a f f i c  s e c t o r ,  measures 
f o r  reducing p o l l u t i o n  and road accidents ;  

- Revised s tandards  f o r  t h e  cons t ruc t ion  of nuclear  power 
p l a n t s  . 

THE USE OF SYSTEMS ANALYSIS 

To i n t e g r a t e  t h e  va r ious  d i s c i p l i n e s ,  t h e  team decided t o  
apply t h e  technique of systems ana lys i s .  During t h e  i n i t i a l  
phase of t h e  p r o j e c t ,  i n t e r n a l  seminars were held  t o  f a m i l i a r i z e  
t h e  team with  t h e  bas ic  elements of systems a n a l y s i s ,  and t h e  
d e c i s i o n  was made t o  use causa l  loop diagrams i n  t h e  team re -  
p o r t s .  With t h e  growing knowledge of t h i s  t o o l ,  communication 
became e a s i e r  and misunderstandings were reduced. I n t e g r a t i o n  
was f a c i l i t a t e d  by adopting a s  a working technique t h e  prepara- 
t i o n  of r e p o r t s  i n  each of t h e  d i f f e r e n t  f i e l d s  of i n t e r e s t ;  
these  were l a t e r  d iscussed i n  plenary sess ions ,  from which quide- 
l i n e s  emerged f o r  f u r t h e r  ind iv idua l  work. Thus t h e  knowledge 
of each team member about important problems i n  o t h e r  spec ia l -  
t i e s  was improved.. 

THE MODEL 

After  t h e  e a r l y  plenary sess ions  it became evident  t h a t  t h e  
MCS cannot be modeled i n  i s o l a t i o n ;  account b.ad t o  be taken of  
t h e  most important subsystems surrounding tht? hea l th  s e c t o r  
which in f luence  o r  a r e  inf luenced by t h e  MCS. This  i s  necessary 
because of t h e  long-term o r i e n t a t i o n  of t h e  resea rch  p r o j e c t .  
Chang,es i n  s e c t o r s  e x t e r n a l  t o  t h e  MCS may induce changes i n s i d e  
t h e  MCS. 

Since it genera tes  t h e  bas ic  dynamics of t h e  soc ie ty ,  t h e  
economic system of Aus t r i a  had t o  be included i n  t h e  model. I n  
t h i s  predominantly market-oriented system, economic f a c t o r s  such 
a s  in£ l a t i o n ,  wage s t r u c t u r e ,  d i s t r i b u t i o n  of income over d i f  - 
f e r e n t  s o c i a l  s t r a t a  and t h e  in f luence  of t h e  publ ic  s e c t o r  
govern t h e  f i n a n c i a l  resources  a l l o c a t e d  t o  t h e  MCS and t o  o t h e r  
government s e r v i c e s .  The economy and i ts  l e v e l  of development 
a r e  d i r e c t l y  r e l a t e d  t o  t h e  l i v i n g  and working cond i t ions  t h a t  
in f luence  t h e  h e a l t h  s t a t u s  of Aust r ian  soc ie ty .  The h e a l t h  
s t a t u s  of t h e  working population is  i n  t u r n  r e l a t e d  t o  t h e  amount 
of s i c k  l eave ,  thereby inf luencing p roduc t iv i ty  and output  of 
t h e  economy. 



For long-term c o n s i d e r a t i o n s ,  t h e  age  s t r u c t u r e  of  t h e  pop- 
u l a t i o n  and c e r t a i n  o t h e r  demographic d a t a  a r e  u s e f u l  f o r  a s s e s s -  
i n g  t h e  p o s s i b l e  l oad  of t h e  MCS. The re fo re  a  popu la t i on  model 
was c o n s t r u c t e d ,  from which t h e  economy model d e r i v e s  i t s  poten-  
t i a l  l a b o r  f o r c e .  The medica l  c a r e  of  c h i l d r e n  and e l d e r l y  can  
a l s o  be d i f f e r e n t i a t e d  w i th  t h i s  submodel. 

To ensu re  t h e  r e a l i s t i c  and r e l e v a n t  behavior  of  t h e  model, 
a  p o l i t i c a l  subsystem of h e a l t h  c a r e  was developed,  r e f l e c t i n g  
c e r t a i n  p o l i t i c a l  i s s u e s .  Changes i n  t h e  MCS a r e  u s u a l l y  pre-  
ceded by changes i n  t h e  power s t r u c t u r e  of  d i f f e r e n t  i n t e r e s t  
g roups ,  which depends on  t h e  socio-economic c o n d i t i o n s  of  d i f -  
f e r e n t  s t r a t a .  The p o l i t i c a l  subsystem d e a l s  w i t h  t h e  i n t e r -  
p l a y  of  power and d e s c r i b e s  i t s  r e s u l t s  i n  terms of  i n d i c a t o r s  
of t h e  p o l i t i c a l  s i t u a t i o n .  

The p ro  j e c t  team had f i r  st in tended  t o  i n c l u d e  f i v e  i s s u e s  
i n  t h i s  s e c t o r :  1 )  t h e  changing emphasis of  MCS from t r e a t m e n t  
t o  p reven t ion ;  2) p u b l i c  o r  p r i v a t e  f i n a n c i n g  of t h e  MCS; 3 )  
ownership of  t h e  means of medical  product ion;  4 )  equa l  c a r e ;  and 
5 )  t h e  deg ree  of coope ra t ion  on t h e  p a r t  o f  popu la t i on  w i t h  t h e  
MCS. (Owing t o  l a c k  o f  manpower and t ime on  t h e  p a r t  o f  t h e  
team, t h i s  subsystem must be  regarded  a s  a  p i l o t  s t u d y ) .  

However, because o n l y  10 p e r c e n t  of t h e  t eam ' s  manpower 
cou ld  be  a l l o c a t e d  t o  t h e  c o n s t r u c t i o n  of t h e  model, on ly  p o i n t s  
1 and 2  above were r e p r e s e n t e d  i n  t h i s  subsystem. Nearly 50 
hour s  of  d i s c u s s i o n  were needed by t h e  p o l i t i c a l  s c i e n t i s t s  t o  
e s t a b l i s h  t h e  dynamics of each of t h e  i s s u e s  and t o  r e a c h  agree-  
ment abou t  t h e  sys tem's  behavior .  

The r e s u l t  o f  t h e  des ign  p roces s  was a  h i e r a r c h i c a l  two- 
l e v e l  model, where t h e  socio-economic founda t ions  a r e  formed 
by t h e  submodels o f  t h e  MCS, t h e  economy, and t h e  popu la t i on .  
The upper l e v e l  i s  r e p r e s e n t e d  by t h e  h e a l t h  p o l i t i c s  subsystem 
(F igu re  2 ) .  

HEALTH 

Figure 2. Structure of the model. 



The two s t r a t a  a r e  connected by c a u s a l  r e l a t i o n s h i p s .  The 
socio-economic model is  used f o r  t h e  d e r i v a t i o n  of  i n d i c a t o r s  
o f  p o l i t i c a l  power o f  t h e  d i f f e r e n t  i n t e r e s t  groups.  The powers 
a r e  t r e a t e d  a s  v e c t o r s  which can  be added and s u b t r a c t e d .  The 
r e s u l t a n t  power changes t h e  s t a t u s  i n d i c a t o r  of t h e  p o l i t i c a l  
i s s u e  i n  ques t ion .  Th i s  i n d i c a t o r  changes t h e  v a l u e s  of  c e r t a i n  
c o e f f i c i e n t s  o r  v a r i a b l e s  of  t h e  socio-economic model. The feed- 
back loop i s  completed by t h e  socio-economic i n d i c a t o r s  r e s u l t -  
ing  from t h e  changed c o e f f i c i e n t s .  

I n  accordance wi th  t h e  p o l i t i c a l  assessment of  f u t u r e  devel -  
opment, d i f f e r e n t  v a r i a n t s  were cons idered .  I n  theo ry ,  a  g r e a t  
v a r i e t y  of  p o s s i b l e  f u t u r e s  can be envisaged.  I n  conformity 
wi th  p o l i t i c a l  terminology,  t h e  broad spectrum of f u t u r e  devel -  
opment was reduced t o  t h e  fo l lowing f i v e  c l a s s e s :  

- The r e f o r m  v a r i a n t :  This  i s  t h e  most probable  v a r i a n t  
f o r  A u s t r i a  du r ing  t h e  coming yea r s .  I t  i s  c h a r a c t e r -  
i z e d  by a  h igher  deg ree  o f  c o l l e c t i v e  f i n a n c i n g  o f  t h e  
MCS and a  tendency towards p reven t ive  measures. The 
s o c i a l  w e l f a r e  i n s t i t u t i o n s  a r e  very  i n f l u e n t i a l  because 
they  have popular  suppor t .  S o c i a l  m o b i l i t y  i n c r e a s e s .  
There i s  a  t r e n d  towards equal  chances f o r  a l l .  

- The c o n s e r v a t i v e  v a r i a n t :  The MCS i s  more o r  l e s s  f r o -  
zen i n  i t s  t r ea tmen t  o r i e n t a t i o n .  I n d i v i d u a l l y  pa id  
f e e s  and i n d i v i d u a l  f i n a n c i n g  a r e  s t rengthened.  The 
s o c i a l  w e l f a r e  i n s t i t u t i o n s  a l l y  themselves wi th  t h e  
s p e c i f i c  i n t e r e s t s  of  t h e  medical  p ro fe s s ion ,  i n t o  an 
o b j e c t i v e  supported by f i r m s  producing pharmaceut ica ls ,  
e l e c t r o n i c  dev ices ,  and o t h e r  goods used i n  t h e  MCS. 

The r e v o Z u t i o n a r y  v a r i a n t :  A s  t h e  product ion  and d i s -  
t r i b u t i o n  o f  h e a l t h  s e r v i c e s  a r e  no longe r  s u b j e c t  t o  
t h e  l o g i c  o f  p r o f i t s ,  t h e  h e a l t h  requi rements  of  t h e  
popu la t ion  become g u i d e l i n e s  f o r  t h e  development o f  
s o c i a l  p a t t e r n s .  I n  p o l i t i c a l l y  a c t i v a t e d  groups ,  t h e  
popu la t ion  i t s e l f  changes and shapes i t s  l i v i n g  and 
working c o n d i t i o n s  i n  t h e  d i r e c t i o n  of  primary preven- 
t i o n .  The popula t ion  i s  i n t e g r a t e d  i n t o  a  c e n t r a l l y -  
planned medical  c a r e  s e r v i c e ,  c o n s i s t i n g  o f  an  occupa- 
t i o n a l  h e a l t h  branch,  medical  c e n t e r s  f o r  r u r a l  and 
urban popu la t ions ,  and h o s p i t a l s  connected wi th  t h e s e  
c e n t e r s .  

- The r e a c t i o n a r y  v a r i a n t :  A f t e r  t h e  a b o l i t i o n  o f  p u b l i c  
h e a l t h  in su rance ,  pu re ly  c a p i t a l i s t  i n t e r e s t s  e x e r t  
t h e i r  c o n t r o l  by means of  t h e  p o l i t i c a l  and admin i s t r a -  
t i v e  system. The h e a l t h  c a r e  system i s  narrowed down 
t o  low-qual i ty  c u r a t i v e  medicine.  Marginal  groups a r e  
excluded from h e a l t h  c a r e .  P r i v a t e  h e a l t h  in su rance  is 
a v a i l a b l e  t o  t h e  r i c h .  " S o l i d a r i t y "  schemes a r e  e s t a b -  
1 ished  . 



- The s tandard  v a r i a n t :  A s  a  "waste product" t h i s  v a r i a n t ,  
where t h e  p o l i t i c a l  system i s  not  e x p l i c i t l y  considered,  
e x t r a p o l a t e s  t h e  system behavior of t h e  p a s t .  Most of 
t h e  c u r r e n t  s imulat ion and econometric models f a l l  under 
t h i s  heading. 

Given t h e  present  p o l i t i c a l  power s e t  up i n  Aus t r i a  and t h e  
l e v e l  of development of t h e  theory of s o c i a l  r evo lu t ion ,  it seems 
impossible t o  contemplate t h e  revo lu t ionary  v a r i a n t .  The reac- 
t i o n a r y  v a r i a n t  seems t o  be very  u n l i k e l y  a t  t h e  moment. So t h e  
team decided t o  model t h e  re form,  t h e  c o n s e r v a t i v e ,  and t h e  
s tandard  v a r i a n t s  only .  

OBSERVATIONS ON METHODOLOGY 

I n  analyzing a c e r t a i n  s e c t o r  of s o c i e t y ,  one has  t o  d e a l  
wi th  i n t e r r e l a t i o n s  and/or c o n t r a d i c t i o n s  among v a r i a b l e s .  There 
a r e  i n t e r n a l  and e x t e r n a l  i n t e r r e l a t i o n s .  The i n t e r n a l  r e l a t i o n s  
a r e  formalized by equi l ibr ium equat ions  and d e f i n i t i o n  equat ions .  
There i s  no causa l  order ing and t h e  elements of t h e  equi l ibr ium 
equat ions  e x i s t  s imultaneously.  On t h e  o t h e r  hand, e x t e r n a l  
r e l a t i o n s  between A and B can be analyzed by i s o l a t i n g  t h e  e f -  
f e c t  of A on B and v i c e  versa .  For t h e  model, t h e  team i n t r o -  
duced t h e  following g raph ica l  r ep resen ta t ion :  

I n t e r n a l  r e l a t i o n  External  r e l a t i o n  

For example, A = B + C, o r  That is: A = f  (B)  , and 
A =  B .  C B = g (A),  

I n  d i s c r e t e  t ime systems, very o f t e n  a  stock-flow equat ion 
is  used: 

Although t h i s  equat ion could be i n t e r p r e t e d  a s  an e x t e r n a l  r e l a -  
t i o n  between t h e  same v a r i a b l e ,  it is u s e f u l  t o  regard  it a s  an  
equi l ibr ium a t  d i f f e r e n t  po in t s  of t ime.  Therefore we represen t  
it i n  t h e  following way: 



With t h e  he lp  of only two elements,  equi l ibr ium and causa l  
in f luence ,  we can cons t ruc t  near ly  every model i n  t h e  f i e l d  of 
econometrics o r  s o c i a l  sc iences .  One advantage of t h i s  repre-  
s e n t a t i o n  i s  i t s  s i m p l i c i t y .  Furthermore, one i s  not  r e s t r i c t e d  
t o  r e c u r s i v e  models ( a s  i s  t h e  c a s e  i n  us ing DYNAMO [ I ] ) .  

The causa l  r e l a t i o n s h i p s  were econometrically es t imated 
whenever poss ib le .  The parameters of t h e  economic subsystem 
were computed by o rd ina ry  leas t -squares  on t h e  d a t a  base f o r  
t h e  per iod 1954-1970, using annual da ta .  The es t ima t ion  tech- 
niques used here  a r e  t h e r e f o r e  not  very i n t e r e s t i n g .  Our argu- 
ment i s  t h a t  e r r o r s  of e s t ima t ion  a r e  much smal ler  than e r r o r s  
of  s p e c i f i c a t i o n .  

Since t h e  r e s u l t i n g  system of economic equat ions  i s  simul- 
taneous and nonl inear ,  t h e  economic subsector  was d e a l t  with by 
i t e r a t i v e  procedures. To speed up convergency, we used a modi- 
f i e d  Gauss-Seidel method with l i n e a r  approximations of t h e  f ixed  
po in t .  About 10 i t e r a t i o n s  a r e  necessary f o r  a s t a b l e  s o l u t i o n  
f o r  each year of model time. The r e s t  of t h e  model i s  recurs ive .  
The complete model produces numerical va lues  f o r  about 500 
v a r i a b l e s  p e r  year ,  from 1961 up t o  1995 f o r  each of t h e  p o l i t i -  
c a l  v a r i a n t s .  

MODELING THE MCS [2] 

A s e t  of i n d i c a t o r s  was s e l e c t e d  f o r  h e a l t h  and i l l n e s s ,  
t h e  load of  h o s p i t a l  and ou t -pa t i en t  c a r e ,  t h e  producers of  
medical s e r v i c e s ,  and t h e  amount of money necessary.  The rea-  
sons f o r  t h i s  s e l e c t i o n  a r e  a s  follows: l i v i n g  and working 
condi t ions  i n  Aus t r i a  a r e  genera t ing a tendency towards a grow- 
ing number of morbid episodes.  These episodes  represen t  a pre- 
p ro fess iona l  concept of nonhealth, composed of sub jec t ive  and 
o b j e c t i v e  f a c t o r s  [3]. Produc t iv i ty  was taken a s  a rough indi-  
c a t o r  of l i v i n g  and working condi t ions .  Only one-quarter t o  
one-third of  t h e s e  morbid episodes  w i l l  be t r e a t e d  i n  t h e  profes-  
s i o n a l  MCS; t h e  remaining must be coped with by t h e  a i l i n g  per- 
sons themselves. F i l t e r  c o e f f i c i e n t s  convert  t h e  number of 
morbid episodes  i n t o  t h e  number of ambulatory p a t i e n t s  t r e a t e d .  
The p a t i e n t  load of a panel  doc to r  w i l l  a f f e c t  h i s  i n c l i n a t i o n  
t o  s h i f t  p a t i e n t s  t o  t h e  hosp i t a l .  

Data on t h e  s i c k  l eave  of manual and nonmanual workers, 
male and female, were processed separa te ly .  It was i n t e r e s t i n g  
t o  s e e  a s i g n i f i c a n t  in f luence  of t h e  business  c y c l e  on t h e  
s i c k  l eaves  per  c a p i t a  f o r  manual workers; t h i s  d i d  n o t  apply 
t o  nonmanual workers. 

The r e l a t e d  regress ion  equat ions  a re :  



where y l  i s  s i c k  l eaves  per  c a p i t a  of  male manual workers, 

y2 i s  s i c k  l eaves  pe r  c a p i t a  of  female manual workers, 

y3 i s  s i c k  l eaves  pe r  c a p i t a  of male nonmanual workers, 

y4  i s  s i c k  l eaves  pe r  c a p i t a  of female nonmanual workers, 

g  growth r a t e  of t h e  economy, 

q  p roduc t iv i ty ,  

t-1 t ime l a g  of one year .  

The f i g u r e s  i n  pa ren thes i s  r e p r e s e n t  t h e  s tandard  d e v i a t i o n  d i -  
vided by t h e  c o e f f i c i e n t  a s  a  percentage.  About two-thirds of 
t h e  va r i ance  of y  i s  explained by t h e s e  equat ions .  The equa- 
t i o n s  show i n  empir ica l  terms t h a t  s i c k  l eave  i s  a  phenomenon 
inf luenced by h e a l t h  cond i t ions  and by socio-economic f a c t o r s .  
The lagged t e r m s  on t h e  r i g h t  hand s i d e  i n d i c a t e  a  damping be- 
havior  i n  s i c k  leaves .  The f i rms  seem t o  have a  r u l e  of,.thumb: 
i f  l a s t  year  s i c k  l eave  was high,  they t r y  t o  reduce it t h i s  year ;  
i f  low, they t o l e r a t e  a  r i s e .  

Sick l eave  i s  f u r t h e r  d iv ided  i n t o  e i g h t  groups according 
t o  d iagnos i s .  The sha re  of any given d iagnos i s  group was taken 
t o  depend on t h e  o v e r a l l  i n d i c a t o r  of l i v i n g  and working con- 
d i t i o n s .  With r e spec t  t o  r e s p i r a t o r y  d i s e a s e s ,  f o r  example, 
r eg ress ion  a n a l y s i s  showed nega t ive  c o r r e l a t i o n  wi th  p r o d u c t i v i t y  
f o r  male, and p o s i t i v e  c o r r e l a t i o n  f o r  female workers. The co- 
e f f i c i e n t  of de terminat ion  f o r  male workers i s  more than twice 
t h a t  f o r  female workers. Since t h e  sha re  of r e s p i r a t o r y  d i s e a s e s  
i n  t h e  t o t a l  f o r  a l l  groups is ,  on t h e  average l o w  f o r  females,  
a  t r end  toward a  s i m i l a r  p a t t e r n  f o r  both sexes can be seen. 

Based on a v a i l a b l e  d a t a ,  h o s p i t a l  s t a y s  w e r e  d iv ided by t h e  
fol lowing f i v e  s t r a t a :  manual workers, nonmanual workers and 
pub l i c  s e r v i c e  employees, e l d e r l y  persons (65 yea r s  and o v e r ) ,  
c h i l d r e n  (15 yea r s  and under ) ,  and farmers ( p a r t i c i p a t i n g  i n  
a  f a rmer ' s  h e a l t h  insurance  scheme). The r e s u l t s  show a  very 
s i g n i f i c a n t  in f luence  of t h e  bus iness  c y c l e  on h o s p i t a l  s t a y s  
per c a p i t a l  and per stratum. Regression a n a l y s i s  l e a d s  t o  equa- .. 
t i o n s  wi th  very  high R ~ .  For example, 



where y  i s  t h e  number of h o s p i t a l  s t a y s  per c a p i t a  f o r  nonmanual n  workers and 

ye t h a t  f o r  e l d e r l y  people, 

g  i s  t h e  growth r a t e  of the  economy, and 

c  denotes t h e  cases  of ambulatory ca re .  

I f  c  inc reases ,  more people a r e  t r a n s f e r r e d  t o  h o s p i t a l .  The 
same holds f o r  per iods  of slow economic growth. The t h e o r e t i c a l  
explanat ion f o r  these  f a c t s  i s  not  very developed. One could 
argue t h a t  it i s  more d i f f i c u l t  t o  f i n d  a  job i n  the  year follow- 
ing a  period of economic s t agna t ion ,  and t h a t  people tend t o  
overcome t h i s  s i t u a t i o n  by a  s t a y  i n  a  h o s p i t a l ;  but t h i s  would 
hold only f o r  persons of working age. There i s  no such expla- 
nat ion f o r  t h e  e l d e r l y .  

Similar  v a r i a b l e s  inf luence t h e  dura t ion  of t h e  s t a y  i n  t h e  
h o s p i t a l .  The regress ion  equations determine t h e  l eng th  of s t a y  
r e l a t i v e  t o  t h e  o t h e r  s t r a t a .  The abso lu te  l eng th  of s t a y  de- 
pends on t h e  number of beds a v a i l a b l e .  

Each v i s i t  t o  a  GP and each day of h o s p i t a l  s t a y  i s  assoc i -  
a t e d  wi th  c o s t s .  The budget of t h e  publ ic  h e a l t h  insurance i n  
p a r t i c u l a r  was analyzed i n  t h e  model. Costs of medical c a r e  were 
combined wi th  t h e  r a t e  of i n f l a t i o n  of t h e  consumer p r i c e  index. 

Three kinds of nonf inancia l  h e a l t h  resources  were e x p l i c i t l y  
analyzed. There a r e  the  numbers of physicians,  t h e  number of 
nursing s t a f f ,  and t h e  number of beds a v a i l a b l e .  For each of 
these  a  more o r  l e s s  e laborated model was developed. For pur- 
poses of i l l u s t r a t i o n ,  t h e  "physicians" model i s  g r a p h i c a l l y  
represented i n  Figure  3 .  

THE STRUCTURE OF THE HEALTH-POLITICAL SUBSYSTEM 

I n  o rde r  t o  endogenize p o l i t i c s  i n t o  t h e  model, t h e  p o l i t i c a l  
power of t h e  i n t e r e s t  groups of t h e  MCS were exp l i ca ted .  Five 
groups were included i n  t h e  model: genera l  c a p i t a l  investment 
i n t e r e s t s ,  medical c a p i t a l  investment i n t e r e s t s ,  medical c l a s s  
i n t e r e s t s ,  s o c i a l  welfare  i n s t i t u t i o n s ,  and i n t e r e s t s  a r i s i n g  
from t h e  h e a l t h  requirements of t h e  population.  

For each of t h e  groups, a socio-economic i n d i c a t o r  was 
chosen t o  represen t  i t s  p o l i t i c a l  power. A s  a  t y p i c a l  t r a n s f o r -  
mation from t h e  socio-economic t o  t h e  power l e v e l ,  t h e  following 
formula was used: 
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STUDIES 

t - t+l 

Figure 3. The training of physicians. 

where I i s  t h e  power i n d i c a t o r ,  
P  

Ise i s  t h e  socio-economic i n d i c a t o r ,  

c r e p r e s e n t s  t h e  e x t e n t  t o  which t h e  power i n d i c a t o r  i s  inf luenced 
by a  percentage  change i n  t h e  socio-economic i n d i c a t o r .  With 
I (to) one can  s t anda rd ize  i n i t i a l  cond i t ions  (t=to). A sub- 

P 
j e c t i v e  s c a l e  from -5 t o  +5 was used f o r  assessment purposes.  

The v a r i o u s  power i n d i c a t o r s  were added. The a d j u s t e d  re- 
s u l t i n g  power IRes was used a s  an  increment of t h e  i n d i c a t o r  of 

t h e  g iven p o l i t i c a l  i s s u e ,  II' 

We used: 

5  

and 



where 1 - 11=(t)/ represents a damping factor to include polit- 
ical resistance against puristic solutions. II is standardized 

between -1 and +I. II = 1 means, for example, wholly publicly- 
- 

financed MCS, or completed investment in prevention and cure in 
the MCS; a converts the resulting power into the indicator of 
the political issue in question. Figure 4 is a graphical repre- 
sentation of the subsystem. 

INDICATOR OF 
THE POLITICAL 
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'/ ' SOClO-ECONOMIC 
I \, MODEL I 

I a \ 
\ 

POWER INDICATORSS 

SOCIO-ECONOMIC 
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CHANGING COEFFICIENTS 
OF THE SOCIO-ECONOMIC 
MODEL 

Figure 4. Structure of the health-politic subsystem. 

APPLICATIONS 

Although many questions within the health-politic subsystem 
remain unsolved, the model gains in relevance through the inclu- 
sion of the endgenized political sector. It should not be used 
solely as a predictive tool but should enable management in 
social planning to formulate its views more clearly and rationally. 



It a l s o  he lps  i n  d e f i n i n g  d a t a  needs i n  a s t r u c t u r e d  form. 
Health i n d i c a t o r s  should be viewed n o t  a s  s e p a r a t e  and i s o l a t e d  
v a r i a b l e s  bu t  w i th in  t h e  framework of t heo ry ;  t h e  connect ions  
and dependencies must be t aken  i n t o  account .  The model p re sen ted  
he re  i s  c u r r e n t l y  being used i n  p u b l i c  h e a l t h  in su rance  i n  
A u s t r i a  a s  a t o o l  f o r  ana lyz ing  changes i n  h e a l t h  p o l i t i c s .  The 
modular s t r u c t u r e  of t h e  computer program enab le s  t h e  u s e r  t o  
change t h e  d i f f e r e n t  p a r t s  of t h e  model very  qu ick ly  according  
t o  h i s  own p o i n t  o f  view, bu t  he is  ob l iged  t o  use  an i n t e g r a t e d  
and comprehensive approach. 

The development o f  t h e  model i t s e l f  took about  t h r e e  man- 
y e a r s  and was no t  very  c o s t l y ;  b u t  one should bear  i n  mind t h a t  
some members o f  t h e  team were experienced i n  model c o n s t r u c t i o n ,  
e s p e c i a l l y  i n  econometric  modeling, and t h a t  a computerized d a t a  
bank of  economic d a t a  and d i f f e r e n t  k inds  of  s t a t i s t i c a l  programs 
were a t  t h e i r  d i s p o s a l .  We would e s t i m a t e  t h e  t o t a l  c o s t  of  t h e  
model, i nc lud ing  computer t ime,  d a t a  c o l l e c t i o n  and documentation, 
a t  l e s s  than  one m i l l i o n  Aus t r i an  S c h i l l i n g s .  

I t  i s  l i k e l y  t h a t  a much more i n t e g r a t e d  approach w i l l  be  
used i n  f u r t h e r  developments o f  t h e  model. There is  a t r e n d  
towards provid ing  a d e f i n i n g  framework i n  t h e  shape of a socio-  
economic account ing  scheme, i n t e g r a t i n g  s o c i a l  s t r u c t u r e ,  demo- 
g raph ic  c h a r a c t e r i s t i c s  and s i c k n e s s  i n t o  t h e  n a t i o n a l  economic 
accounts .  The r e s u l t i n g  scheme is  much more r i g o r o u s  and theo- 
r e t i c a l l y  based than  t h e  approach p re sen ted  here .  Th i s  soc io-  
economic account ing  scheme w i l l  make i n t e r n a t i o n a l  comparisons 
e a s i e r .  
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Summary: A Basic Model of the Human Environment 

R. Miksl, et al. 

In recent years, scientists all over the world have be- 
come increasingly concerned with the question of the environ- 
ment. Their work has been hampered by the fact that hitherto 
researchers have worked within their own specialisms and the 
results have not been integrated into a multidisciplinary whole 
so as to produce a satisfactory overall model of the environ- 
ment. The authors have therefore used a systems approach in an 
attempt to build such a model. 

Basic problems are whether or not man should be regarded as 
part of the environment, how nature itself should be represented 
and what are the parameters of the model. The authors have adopt- 
ed Marx's thesis that people consciously mould their environment 
and that a socialist community does so in a scientific way. The 
systems approach to the environment distinguishes the economic, 
scientific and political systems. The political system controls 
the other two as far as the environment is concerned. 

The system of the environment is divided into three mate- 
rial subsystems and three functional subsystems. The material 
subsystems are dwellings, work places (working conditions being 
a component of this subsystem), and places of recreation. These 
subsystems are all man-made and have definable goals. Each has 
its implicit function and they are not specific to any location. 

There are three functional subsystems which interrelate 
with the material subsystems, namely: 

- Human social activities: elements of which occur in all 
the subsystems of the environment and enter into the po- 
litical system. The requisite data and indicators are 
provided by sociology and demography. Independent fac- 
tors regulating social activities, mainly in the work 
subsystem, enter from the economic system. 

- Arts and culture: the creation and enjoyment of which 
is a requirement of the human psyche. Although it has 
not yet been formally described, it would be possible 
to assess the behavioral response. This functional sub- 
system may affect the outputs of the political system 
in both the human environment and the economic system 
and is in its turn affected by them. 

- Services: largely linked with the material subsystems. 
The basic services are education, the health service, 



communal s e r v i c e s ,  t r a n s p o r t ,  communications, d i s t r i b u -  
t i o n ,  banking and t h e  a d m i n i s t r a t i v e  a u t h o r i t i e s .  This  
subsystem is  mainly in f luenced  by i n p u t s  of  t h e  p o l i t i -  
c a l  and economic systems through t h e  human environment. 
Implementation of such  s e r v i c e s  is o f t e n  regarded  a s  
a  c r i t e r i o n  of  t h e  success  of  a  p a r t i c u l a r  socio-econom- 
i c  formation.  

Nature i t s e l f  is n o t  modeled a s  a  system. I n s t e a d ,  f a c t o r s  
i n  t h e  environment a f f e c t i n g  man a r e  i d e n t i f i e d .  These a r e  phys- 
i c a l ,  chemical ,  b i o l o g i c a l ,  socio-economic and psycho-socia l .  
It i s  u s e f u l  t o  r e l a t e  them t o  independent  and dependent v a r i -  
a b l e s  o f  t h e  human environment. 

The main c r i t e r i o n  f o r  t h e  model i s  t h e  q u a l i t y  of  s u r v i v a l .  
I n  t h i s  r e s p e c t ,  t h e  environment may be c l a s s i f i e d  i n t o  t h e  f o l -  
lowing c a t e g o r i e s :  

- Des t ruc t ive :  t h e  popu la t ion  i s  incapab le  of  economic o r  
any o t h e r  a c t i v i t y  and cannot  su rv ive .  

- Bad: t h e  popula t ion  has  t h e  b a r e  means of  s u b s i s t e n c e .  
No a c t i v i t i e s  o t h e r  t han  economic. The popu la t ion  can  
s u r v i v e  b u t  i s  incapab le  of  improving t h e  environment. 

- Adequate: it ensu res  t h e  m a t e r i a l  e x i s t e n c e  of t h e  pop- 
u l a t i o n  and fundamental nonmater ia l  s e r v i c e s  b u t  cannot  
prevent  s e r i o u s  s c a r c i t i e s  l ead ing  t o  occas iona l  c a t a s -  
t rophes .  However, s i n c e  it i s  i n t e r l i n k e d  wi th  t h e  
o t h e r  systems,  p o s i t i v e  development may occur under 
f a v o r a b l e  c o n d i t i o n s .  

- Good: it enhances t h e  phys i ca l  and psych ica l  c a p a c i t y  
o f  t h e  popula t ion .  Environmental advance is  s c i e n t i f -  
i c a l l y  c o n t r o l l e d  and cannot  become nega t ive .  

- Unbalanced: popula t ion  en joys  m a t e r i a l  s e c u r i t y .  Dif- 
f e r e n c e s  between groups of  popu la t ion  l ead  t o  growing 
demands which can be s a t i s f i e d  on ly  by harming ano the r  
environmental  subsystem. Development i s  t h e r e f o r e  l i m -  
i t e d .  

- Luxurious: m a t e r i a l  demands a r e  immediately s a t i s f i e d  
from v a s t  m a t e r i a l  r e s e r v e s ,  bu t  it cannot  s u r v i v e  o r  
develop  p o s i t i v e l y ,  s i n c e  it merely consumes and does  
n o t  produce. 

I n  o r d e r  t o  de termine  t h i s  c r i t e r i o n ,  it is  necessary  t o  
d e c i d e  upon q u a l i t a t i v e  and q u a n t i t a t i v e  i n d i c e s  ( s t anda rds )  
and a moni tor ing  and e v a l u a t i o n  system. The h e a l t h  s t a t u s  of  
t h e  popu la t ion  i s  one o f  t h e s e  i n d i c a t o r s .  

The model has  no t  been b u i l t  a s  p a r t  o f  an  automated con- 
t r o l  system. A l l  t h e  dependent  and independent  v a r i a b l e s  a r e  



l o c a t e d  i n  a  space  and expressed i n  numerical  te rms,  whether 
t h e y  r e l a t e  t o  q u a n t i t a t i v e  o r  q u a l i t a t i v e  c h a r a c t e r i s t i c s .  The 
s t a t i c  and dynamic i n t e r r e l a t i o n s h i p s  a r e  determined by f a c t o r a l  
a n a l y s i s  and m u l t i p l e  r e g r e s s i o n  c o e f f i c i e n t s ,  t h e  model being 
bo th  d e s c r i p t i v e  and a n a l y t i c .  The model i n d i c a t e s  changes i n  
t h e  dependent v a r i a b l e s  caused by changes i n  t h e  m u l t i f a c t o r a l  
r e l a t i o n s h i p s  of  t h e  independent  v a r i a b l e s .  I n  t h i s  way, it i s  
p o s s i b l e  t o  d e c i d e  when mod i f i ca t ions  may improve t h e  s t a t e  of 
t h e  whole and when t h e  p o s i t i v e  e f f e c t s  would not  warrant  t h e  
e f f o r t .  

A graph ic  r e p r e s e n t a t i o n  of  p a r t  of t h e  model i s  c a l l e d  an  
environment topogram. I t  i s  a  d e s c r i p t i o n  of  components of t h e  
system which, a l though it may invo lve  some l o s s  of  informat ion ,  
makes it p o s s i b l e  t o  proceed t o  a n . a n a l y s i s  o f  t h e  sys t em ' s  
s t r u c t u r e  and dynamic behavior .  Owing t o  i ts  complexity,  it i s  
d i f f i c u l t  t o  break  t h e  environmental  system down i n t o  i t s  b a s i c  
components o r  t o  predetermine t h e i r  i n t e r r e l a t i o n s h i p s .  The 
f i n a l  g o a l ,  however, must be  t h e  d e s c r i p t i o n  of t h e  e n t i r e  model. 
The topogram is  a  s t a t i c  model of  r e a l i t y ,  b u t  it i s  necessary  
t o  know how changes and r ees t ab l i shmen t  of  a  s t a t e  of  e q u i l i b -  
rium occur .  The s o l u t i o n  may be t o  automate a  success ion  of  
topograms r e l a t i n g  t o  p a r t i c u l a r  p o i n t s  of  t ime.  The a n a l y s i s  
of  t h i s  t r a j e c t o r y  of  topograms w i l l  correspond t o  a  l o c a l i z a -  
t i o n  i n  space.  The o b j e c t i v e  may appear modest,  b u t  we a r e  s t i l l  
a t  t h e  beginning of  environmental  r e s e a r c h  d e a l i n g  w i t h  a  r e a l  
system o f  complex acces s .  The f i r s t  s t e p ,  which t h e  a u t h o r s  a t -  
tempted i n  t h e  pe r iod  1972 t o  1973, was t o  c r e a t e  ma t r i ce s  of 
t h e  inc idence  and s t r u c t u r e  of t h e  environmental  v a r i a b l e s .  

The o b j e c t i v e  of  t h e  m u l t i p l e  r e g r e s s i o n  c o e f f i c i e n t  i s  t o  
provide  t h e  op t ima l  e s t i m a t e  of dependent v a r i a b l e s  on t h e  b a s i s  
of  independent  v a r i a b l e s .  F a c t o r a l  a n a l y s i s  endeavors t o  uncover 
new v a r i a b l e s  which e x p l a i n  t h e  i n t e r r e l a t i o n s h i p  between known 
v a r i a b l e s .  Ob jec t ions  have been r a i s e d  t o  t h e  use  of  f a c t o r a l  
a n a l y s i s  bu t  t h e  writers found it a  u s e f u l  t o o l .  The model d e a l s  
on ly  w i t h  q u a n t i t a t i v e  r e l a t i o n s h i p s  seeking  t o  connect  environ- 
menta l  v a r i a b l e s  through s t a t i s t i c a l l y  r evea led  p a t t e r n s .  I t  
h a s  been b u i l t  and t e s t e d  by t h e  a u t h o r s .  

It has  16 independent v a r i a b l e s ,  namely: h e a l t h  c a r e ,  water  
supply ,  p r o v i s i o n  o f  schools ,  d i s p o s a l  of  was te  water ,  p rov i s ion  
of  goods and s e r v i c e s ,  c o l l e c t i v e  t r a n s p o r t ,  d i s p o s a l  o f  commu- 
n a l  ( s o l i d )  was te ,  a i r  p u r i t y ,  a e s t h e t i c  q u a l i t y  of  t h e  land- 
scape  i n  a r e a  under s tudy ,  housing,  work c o n d i t i o n s  i n  a r e a  un- 
d e r  s tudy ,  a f f o r e s t a t i o n  i n  a r e a  under s tudy,  c l i m a t i c  c o n d i t i o n s  
o f  a r e a  under s tudy,  r e c r e a t i o n a l  water  a r e a s  i n  a r e a  under s tudy ,  
percentage  of  t h o s e  l i v i n g  on t h e  land  i n  a r e a  under s tudy ,  pop- 
u l a t i o n  d e n s i t y  i n  a r e a  under s tudy .  Health s t a t u s ,  i . e .  t h e  
c a p a c i t y  t o  work, was s e l e c t e d  a s  a  dependent v a r i a b l e .  

The a u t h o r s  defend t h e i r  r e p r e s e n t a t i o n  of t h e  va lue  of 
v a r i a b l e s  on a  d i s c r e t e  s c a l e  on t h e  grounds t h a t  it does  n o t  
change t h e  c h a r a c t e r  of t h e  r e l a t i o n s h i p  between them, t h a t  i n  



many c a s e s  t h e r e  i s  no o t h e r  way of measuring them and t h a t  a  
uniform system of measurement is  required t o  work ou t  c o r r e l a -  
t i o n  c o e f f i c i e n t s .  They found c loseness  between independent 
and dependent va r i ab les ,  i n d i c a t i n g  t h e  following r e l a t i o n s h i p  
between four  main va r i ab les  and the  independent va r i ab les :  

- The f i r s t  v a r i a b l e ,  a f f e c t i n g  provis ion of goods and 
s e r v i c e s  ( t h e  commercial system) and work cond i t ions ,  
may be descr ibed a s  human work and se rv ices .  

- The second v a r i a b l e ,  a f f e c t i n g  t h e  h e a l t h  s t a t u s  of the  
population,  t h e  percentage of  those  l i v i n g  on t h e  land,  
a f f o r e s t a t i o n  and a i r  p u r i t y ,  may be termed na tu re  and 
population.  (Note t h a t  the  s i g n  of s a t u r a t i o n  a t  a  
given percentage of those  l i v i n g  on the  land d i f f e r s  
from t h e  s ign  f o r  o t h e r  s a t u r a t i o n  p o i n t s ,  i . e .  the  
vec to r  of the  second v a r i a b l e  i s  opposi te  t o  t h a t  of 
o t h e r  r eg ress ion  v a r i a b l e s  i n  regard  t o  the  percentage 
of those  l i v i n g  on t h e  land.  This i s  i n  agreement wi th  
the  r e s u l t s  of  r eg ress ion  a n a l y s i s . )  

- The t h i r d  v a r i a b l e ,  a f f e c t i n g  the  water supply, the  pro- 
v i s i o n  of schools and housing and the  r e c r e a t i o n a l  water 
a r e a s ,  may be descr ibed a s  t e c h n i c a l  and c u l t u r a l  sup- 
p l i e s .  

- The f o u r t h  v a r i a b l e ,  a f f e c t i n g  t h e  d i sposa l  of water 
waste, communal waste and c o l l e c t i v e  t r a n s p o r t ,  may be 
termed engineering supp l i es .  

The r e s u l t s  may be i n t e r p r e t e d  by d iv id ing  t h e  i n i t i a l  environ- 
mental v a r i a b l e s  i n t o  f o u r  groups. But some r e l a t i o n s h i p s  ap- 
pear t o  be only s t a t i s t i c a l  and t o  have no reason o r  func t iona l  
connection and c l e a r l y  o t h e r  v a r i a b l e s  should be sought. The 
model r ep resen t s  a comparatively open system. 

The regress ion  curves i n d i c a t e  how a  change i n  one v a r i a b l e  
in f luences  t h e  path of o t h e r  v a r i a b l e s  and which v a r i a b l e  should 
be improved a t  any given time t o  maximize b e n e f i c i a l  r e a c t i o n s  
i n  o t h e r  v a r i a b l e s .  

To a s s e s s  t h e  s t a t e  of t h e  human organism and t h e  indepen- 
den t  v a r i a b l e s ,  the  following s c a l e  has been used: very good, 
good, s a t i s f a c t o r y ,  unsa t i s fac to ry ,  bad, and very bad. I n  the  
c a s e  of human organisms, very bad would q u a l i f y  f o r  a  d i s a b i l i t y  
pension. The dependent v a r i a b l e  of h e a l t h  s t a t u s  was found us- 
ing C o r n e l l ' s  publ ic  inquiry  on t h e  sub jec t .  These d a t a  were 
r e c l a s s i f i e d  i n  accordance with t h e  above s c a l e ,  rounding down 
where app l i cab le .  The regress ion  funct ion ( p a r t l y  l i n e a r  and 
p a r t l y  second o r d e r ) ,  r e l a t e s  t o  hea l th  s t a t u s ,  i . e .  work e f f i -  
c iency,  and has been c a l c u l a t e d  on the  b a s i s  of t h e s e  r e s u l t s .  



The r e g r e s s i o n  curve  shows t h a t  t h e  f u n c t i o n  r eaches  an  
a b s o l u t e  maximum f o r  t h e  independent  v a r i a b l e s  when 

X1 equa l s  4 . 1  f o r  h e a l t h  c a r e ;  

X3 i s  a t  t h e  r i g h t  edge of t h e  branch f o r  p r o v i s i o n  o f  

s choo l s  ; 

X5 equa l s  3 . 3  f o r  t h e  p r o v i s i o n  of goods and s e r v i c e s ;  

X6 i s  i n  t h e  r i g h t  a r e a  o f  t h e  branch f o r  c o l l e c t i v e  t r a n s -  

p o r t  ; 

X8 equa l s  4 . 6  f o r  a i r  p u r i t y ;  

X10 e q u a l s  3 . 9  f o r  housing; 

X12 e q u a l s  3 . 8  f o r  a f f o r e s t a t i o n .  

Furthermore,  t h e  f u n c t i o n  a t t a i n s  t h e  minimum when X l l  e q u a l s  

2 . 0  f o r  work c o n d i t i o n s .  

A methodology has  been worked o u t  t o  de termine  t h e  h e a l t h  
s t a t u s  of t h e  popu la t ion ,  t h e  fundamental independent  v a r i a b l e s  
and t h e i r  c l a s s i f i c a t i o n ,  ( f o r  i n c l u s i o n  i n  topograms),  and a  
c o l l e c t i o n  o f  programs t o  adap t  t h e  model and i t s  f u n c t i o n s  t o  
computer TESLA 200 (ES 1 0 2 1 ) .  F i n a l l y ,  t h e  a u t h o r s  have o f f e r e d  
an  inves tment  s t r a t e g y  f o r  improving t h e  environment by r e l a t i n g  
t h e  human environment system and i t s  economic sur roundings .  Th i s  
s t r a t e g y  is based on opt imiz ing  t h e  r e I a t i o n s h i p  between t h e  na- 
t i o n a l  revenue,  working a c t i v i t i e s  and environmental  inves tments .  
It r e p r e s e n t s  t h e  h i g h e s t  p o i n t  a t t a i n a b l e  w i t h  t h e  r e s e a r c h  
under taken  t o  d a t e  and it may prove  a  s i g n i f i c a n t  t o o l  f o r  de- 
c i s i o n  making by h ighe r  organs .  





USSR Automated System of  Health Care Planning and Management 

V.V. Golovteyev, G.G.  Sudarikov, and V.M. Timonin 

The economic, s o c i a l  and c u l t u r a l  development of a s o c i e t y  
i s  l a r g e l y  determined by s c i e n t i f i c  and t echno log ica l  r e v o l u t i o n .  
I n  t h e s e  c o n d i t i o n s  t h e  updat ing  of  t h e  forms and methods of  
management t o  t a k e  i n t o  account  t h e  planned development of so- 
c i a l i s t  economics assumes p a r t i c u l a r  importance. 

The S t a t e  system of  h e a l t h  c a r e  i n  t h e  Sovie t  Union is con- 
duc ive  t o  t h e  p r a c t i c a l  a p p l i c a t i o n  of t h e  achievements of s c i -  
e n t i f i c  and t echno log ica l  r e v o l u t i o n .  The h e a l t h  c a r e  s e r v i c e  
of  t h e  USSR comprises a s e t  of s ta te-sponsored  measures, eco- 
nomic, s o c i a l ,  s a n i t a r y  and t h e r a p e u t i c  and p reven t ive ,  d i r e c t e d  
toward t h e  prevent ion  and t r ea tmen t  of  d i s e a s e  and t h e  c r e a t i o n  
of h e a l t h y  working and l i v i n g  c o n d i t i o n s ,  t o  produce a cons id-  
e r a b l e  c a p a c i t y  f o r  work and inc reased  l i f e  expectancy.  

The h e a l t h  c a r e  system i s  based on a wide network of t r e a t -  
ment and prevent ion ,  s a n i t a r y  and epidemiologica l  f a c i l i t i e s ,  
d i s p e n s a r i e s  and o t h e r  medical  i n s t i t u t i o n s  c o n t r o l l e d  by a 
h i e r a r c h i c a l l y  s t r u c t u r e d  a d m i n i s t r a t i o n .  

I n  c o n t r a s t  t o  a number of s c i e n t i s t s  (L. B e r t a l a n f f y ,  
M.D. Mesarovic, R.L.  Akoff, e t c . ) ,  Academician P.K. ~ n o k h i n  
d e f i n e s  a system a s  a " s e t  of  s e l e c t e d  components among which 
i n t e r a c t i o n s  and i n t e r r e l a t i o n s  t a k e  on a c h a r a c t e r  of  mutual 
a s s i s t a n c e  o r i e n t e d  toward t h e  a t t a inmen t  of  a s p e c i f i c  and 
b e n e f i c i a l  r e s u l t " .  Th i s  d e f i n i t i o n  covers  t h e  concept  of t h e  
h e a l t h  c a r e  system t h e  f u n c t i o n s  of  which a r e  c o n s t a n t l y  being 
i n t e g r a t e d  o r  d i f f e r e n t i a t e d  i n  t h e  course  of development and 
modernizat ion.  It i s  a complicated dynamic socio-economic sys-  
t e m  which c l a i m s  t h e  s e r i o u s  a t t e n t i o n  of s p e c i a l i s t s  i n  up- 
to -da te  t h e o r i e s  of o r g a n i z a t i o n  and management, t h e  a p p l i c a t i o n  
of systems a n a l y s i s  methods, s imula t ion  and t h e  use  o f  computers. 
si he f i r s t  dynamic model of a h e a l t h  c a r e  system was presented  
by a group of Sov ie t  s c i e n t i s t s .  

A good d e a l  of  r e sea rch ,  conducted i n  developed c o u n t r i e s ,  
has  proved t h e  advantages of t h e  systems approach and app l i ca -  
t i o n  of  computers t o  medicine i n  c a r r y i n g  o u t  epidemiologica l ,  
demographic and c l i n i c a l  s t a t i s t i c a l  i n v e s t i g a t i o n s  by modern 
mathematical  methods. 

The work of B r i t i s h ,  Danish and American a u t h o r s  demon- 
s t r a t e s  t h a t  computers make it p o s s i b l e  t o  s e l e c t ,  sys t ema t i ze  
and s imul taneously  ana lyze  a number of  medical documents re- 
l a t i n g  t o  a s i n g l e  i n d i v i d u a l .  Specia l ized ,computer  c e n t e r s  



have been e s t a b l i s h e d  i n  a  number of  medical  i n s t i t u t i o n s  i n  
t h e  USA, B r i t a i n ,  Sweden, Japan and o t h e r  c o u n t r i e s  and indeed 
whole r e g i o n a l  systems of  c e n t r a l i z e d  medical  d a t a  p rocess ing  
a r e  be ing  s e t  up. 

However, t h e  d e s i r e  t o  op t imize  p lanning  and management of  
t h e  h e a l t h  c a r e  system and,  u l t i m a t e l y  t o  e s t a b l i s h  a s t a t e -  
wide medical  informat ion  system, i s  much l e s s  marked i n  coun- 
t r i e s  o u t s i d e  t h e  USSR, a p p a r e n t l y ,  owing t o  l a c k  of a  conce r t ed  
n a t i o n a l  p o l i c y  t o  app ly  computer iza t ion  t o  t h e  h e a l t h  c a r e  sys-  
tem, a s  w e l l  a s  t h e  f a c t  t h a t  t h e  l a t t e r  i s  n o t  ready f o r  i n t e -  
g r a t i o n .  

I n  t h e  USSR, r e s e a r c h  has  been i n i t i a t e d  on modernizing 
t h e  system o f  h e a l t h  c a r e  management by t h e  a p p l i c a t i o n  of  econo- 
m e t r i c s ,  computer t echn iques  and means of  communication. 

I n  o r d e r  t o  improve management of  a  complicated h e a l t h  c a r e  
system, a  p r o j e c t  h a s  been developea f o r  an  automated system of 
p lanning  and management i n  t h e  h e a l t h  a d m i n i s t r a t i o n  and medi- 
c a l  i n s t i t u t i o n s  o f  t h e  coun t ry ,  namely, t h e  Branch Automated 
System o f  Con t ro l  (BASC) P u b l i c  Health.  Systems approach was 
e x t e n s i v e l y  used i n  t h e  p r o j e c t .  According t o  J. G v i s h i a n i ' s  
d e f i n i t i o n ,  "The e s sence  of  systems approach c o n s i s t s  i n  s tudy- 
i ng  t h e  most g e n e r a l  forms o f  o r g a n i z a t i o n ,  which presumes f i r s t  
o f  a l l  i n v e s t i g a t i n g  t h e  p a r t s  of  t h e  system and t h e  i n t e r a c t i o n s  
between them and s tudy ing  t h e  p rocesses  which l i n k  t h e  p a r t s  of  
t h e  system t o  its. o b j e c t i v e s " .  

The re fo re  a n  a n a l y s i s  was made o f  t h e  branch a s  an o b j e c t  
o f  c o n t r o l ,  t h e  o b j e c t i v e s  o f  t h e  system being  de f ined  t o g e t h e r  
w i t h  i t s  s t r u c t u r a l  and f u n c t i o n a l  c h a r a c t e r i s t i c s .  F i r s t  t h e  
s t a g e s  i n  developing t h e  BASC P u b l i c  Heal th  w e r e  d i s t i n g u i s h e d ,  
t h e i r  e f f e c t i v e n e s s  was a s ses sed  and t h e  main t r e n d s  i n  t e c h n i c a l  
p rog res s  and so f tware  development w e r e  de f ined .  

Development o f  BASC P u b l i c  Health i s  obvious ly  a d i f f i c u l t  
and l a b o r  i n t e n s i v e  t a s k .  However, new s c i e n t i f i c  methods of  
p lanning  and management muSt be  in t roduced i n t o  t h e  h e a l t h  c a r e  
system owing t o :  

- The c o n s i d e r a b l e  i n c r e a s e  i n  informat ion  about  t h e  s t a t e  
of  p u b l i c  h e a l t h  and i n  t h e  volume of  t r e a t m e n t  and 
p reven t ion  and s a n i t a r y  and epidemiologica l  measures 
c a r r i e d  o u t  by h e a l t h  c a r e  o r g a n i z a t i o n s ;  

- D i f f i c u l t i e s  i n  s e l e c t i n g  opt imal  s o l u t i o n s  due t o  t h e  
i n c r e a s i n g  complexity and s c a l e  of t h e  measures organized  
and implemented by such o r g a n i z a t i o n s ;  

- The i n c r e a s i n g  c o s t  of  a  wrong d e c i s i o n  when l a r g e  sums 
o f  money a r e  involved.  



The e x i s t i n g  s y s t e m  o f  management o f  t h e  USSR h e a l t h  c a r e  
s e r v i c e  i s  based  on  t h e  p r i n c i p l e  o f  s u b o r d i n a t i o n  and c o n t r o l  
w i t h  c o u n t y  ( O b l a s t )  and branch  s u b d i v i s i o n s .  The a c t i v i t i e s  
o f  t h e  h e a l t h  c a r e  s y s t e m  a r e  e x e r c i s e d  a t  f i v e  l e v e l s :  A l l -  
Union, R e p u b l i c ,  c o u n t y ,  d i s t r i c t / c i t y  and t h e  m e d i c a l  i n s t i t u -  
t i o n .  The management s t r u c t u r e  c o n s i s t s  o f  t h e  a d m i n i s t r a t i v e  
b o d i e s  i n  t h e :  M i n i s t r y  o f  H e a l t h  o f  t h e  USSR, M i n i s t r i e s  of  
H e a l t h  o f  t h e  R e p u b l i c s ,  c o u n t y  and d i s t r i c t / c i t y  d e p a r t m e n t s  
o f  h e a l t h ,  c e n t r a l  d i s t r i c t  h o s p i t a l s  (CDH) ( i n  c o u n t r y  d i s -  
t r ic ts )  and t h e  m e d i c a l  i n s t i t u t i o n s .  

T h i s  s t r u c t u r e  h a s  been r e t a i n e d  a s  a  b a s i s  f o r  t h e  a u t o -  
mated sys tem o f  c o n t r o l  ( F i g u r e  1 )  . 

BASC P u b l i c  H e a l t h  i s  a  s e t  o f  subsys tems  i n t e r r e l a t e d  by 
b o t h  " v e r t i c a l "  and " h o r i z o n t a l "  l i n k s ,  i n  which a  wide r a n g e  
o f  s p e c i a l i s t s  i n t e r a c t  w i t h  a  c o m b i n a t i o n  o f  f u n c t i o n a l  and 
t e c h n i c a l  means i n  t h e  p r e s e n c e  o f  b o t h  p lanned  and random f a c -  
t o r s .  BASC h a s  been  deve loped  o n  t h e  b a s i s  o f  match ing  o b j e c -  
t i v e  f u n c t i o n s  and o b j e c t i v e  c h a r t s  ( F i g u r e  2 ) .  

The main g o a l s  o f  BASC P u b l i c  H e a l t h  were  s t a t e d  t o  be :  

- The o p t i m a l  u s e  o f  m a t e r i a l  r e s o u r c e s  and  f u n d s  a l l o -  
c a t e d  by t h e  s t a t e  f o r  t h e  development  o f  t h e  h e a l t h  
c a r e  sys tem;  

- P l a n n i n g  o f  e f f e c t i v e  g e o g r a p h i c a l  d i s t r i b u t i o n  o f  
h o s p i t a l s ,  p o l y c l i n i c s ,  d i s p e n s a r i e s ;  

- I n c r e a s e d  e f f i c i e n c y  i n  t h e  u s e  o f  a v a i l a b l e  beds ;  

- I n c r e a s e d  e f f i c i e n c y  of  management; 

- E v a l u a t i o n  o f  t h e  p o p u l a t i o n ' s  h e a l t h  c a r e  needs  and 
deve lopment  o f  o p t i m a l  p l a n s  t o  expand t h e  h e a l t h  c a r e  
qy s t e m ;  

- M o n i t o r i n g  t h e  i m p l e m e n t a t i o n  o f  p l a n s ;  

- O r g a n i z a t i o n  and i n c r e a s e d  u s e  o f  m e d i c a l  s t a t i s t i c s  
and economic i n f o r m a t i o n .  

The sys tem a s  deve loped  p r o v i d e s  a d m i n i s t r a t o r s  a t  t h e  
M i n i s t r y  o f  H e a l t h  o f  t h e  USSR w i t h  t h e  n e c e s s a r y  i n f o r m a t i o n  
t o  a c h i e v e  t h e  o b j e c t i v e s  o f  p l a n n i n g ,  e v a l u a t i o n  and a c t i v e  
management and r e g u l a r l y  u p d a t e s  r e f e r e n c e  f i l e s  and s t a t i s t i c a l  
d a t a  o n  t h e  f u n c t i o n i n g  o f  m e d i c a l  i n s t i t u t i o n s ,  a s  r e q u i r e d  
f o r  t h i s  purpose .  

A l l  t h e  problems t o  b e  s o l v e d  by BASC P u b l i c  H e a l t h  a r e  
a s s i g n e d  t o  t h e  a p p r o p r i a t e  f u n c t i o n a l  subsys tems  s u p p o r t i n g  
t h e  o r g a n i z a t i o n a l  and  f u n c t i o n a l  s u b u n i t s  o f  t h e  M i n i s t r y .  
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Figure 1.  Branch automated system of control of the USSR health care 
service (BASC Public Health). 



OBJECTIVE: 

IMPROVEMENT OF 
MANAGEMENT AND 

PLANNING IN THE BRANCH 
TO ENSURE OPTIMAL USE OF 
MANPOWER, MATERIAL AND 

FINANCIAL RESOURCES OF THE 
HEALTH CARE SYSTEM, 
TOMEETTHE HEALTH 
CARE NEEDS OF THE 

POPULATION AS 
WELL AS AND 
AS FLILLY AS 

POSSIBLE 

LECHPROF Management of treatment and preventive care 
SANlPlD Management of sanitary and epidemiolo~ical care 
PLANFIN Management of planning and financial activities 
GAPU Planning of supply of pharmaceuticals and man- 

agement of dispensary network 
CADRES Planning and management of manpower resources, 

records of scientific and managerial personnel 
MEDSTAT Medical statistics 
ASNMl Medical scientific and medico-technical information 

system 
OFNSl Branch standard and reference bank 
CAPSTROl Management of investment in construction 
MEDTECH Management of supply, installation and repair 

of medical equipment 
MATTECHSNAB Management of technical and nontechnical supplies 
BUKHUCHET System of bookkeeping and financial control 
MEDNAUKA Management and coordination of research 

Figure 2. Chart of objectives in developing BASC Public Health 
(All-Union level). 



I t  should be  noted t h a t  t o  a  c e r t a i n  e x t e n t  t h i s  d i v i s i o n  
i n t o  subsystems i s  a r b i t r a r y .  The c r i t e r i a  used f o r  a s s i g n i n g  
a group of  problems t o  a p a r t i c u l a r  subsystem a r e :  common t a r -  
g e t s ,  s i m i l a r i t y  i n  t h e  methods employed, c l o s e l y  r e l a t e d  n a t u r e  
o f  t h e  s e l e c t e d  group of  problems, e t c .  

Because of  t h e  complex i t i e s  of  development and implementa- 
t i o n ,  BASC Pub l i c  Health i s  be ing  developed i n  s t a g e s ,  by ne t -  
work diagram planning .  Func t iona l  subsystems (CBMSs*) developed 
a t  t h e  f i r s t  s t a g e  inc luded t h o s e  (F igu re  2 )  r e s p o n s i b l e  for: 

- Management o f  t h e  s a n i t a r y  and epidemiologica l  s e r v i c e  
(CBMS Saniped) which i s  concerned w i t h  t h e  management 
o f  p reven t ive  and an t i ep idemic  measures, and a l s o  w i t h  
c a r r y i n g  o u t  ep idemiologica l  a n a l y s e s  and f o r e c a s t i n g  
t h e  morbid i ty  of  i n f e c t i o u s  d i s e a s e s ;  

- F i n a n c i a l  p lanning  (subsystem P l a n f i n )  r e l a t i n g  t o  t h e  
s e t t i n g  o f  t a r g e t s  development o f  c u r r e n t  and long-term 
expansion p r o j e c t s  f o r  t h e  h e a l t h  c a r e  system, e s t i m a t e s  
o f  expend i tu re s ,  q u a r t e r l y  f i n a n c i n g  p l a n s ,  e t c . ;  

- Planning of s u p p l i e s  of  pharmaceut ica ls  and management 
of  t h e  n a t i o n a l  work o f  d i s p e n s a r i e s  (Gapu subsystem).  
Th i s  subsystem h a s  been e s t a b l i s h e d :  t o  handle  t h e  
account ing  and d i s t r i b u t i o n  o f  funds  f o r  pharmaceut ica ls  
and o t h e r  goods, t o  monitor  t h e  spending of t h e  a l l o -  
c a t e d  funds ,  t o  r e c o r d  and r e d i s t r i b u t e  above-norm 
s t o r e s  o f  pharmaceut ica ls ,  t o  p l an  and f o r e c a s t  t h e  
development o f  t h e  network of  d i s p e n s a r i e s ,  e t c . ;  

- Planning  and management of  manpower r e s o u r c e s ,  keeping 
r e c o r d s  o f  manager ia l ,  s c i e n t i f i c  and t each ing  personnel  
(CBMS Cadres ) .  Th i s  subsystem keeps a  r e g i s t e r  of  in-  
d i v i d u a l s ,  c a r r i e s  o u t  s e a r c h e s  wi th  t h e  a i d  of  pre-  
s c r i b e d  tokens ,  a n a l y s e s  movements and changes i n  num- 
b e r s  o f  personnel ,  and provides  informat ion  f o r  s t a t i s -  
t i c a l  r e p o r t s .  

The fo l lowing  subsystems a r e  t h e  f u n c t i o n a l  suppor t ing  sub- 
systems which supply t h e  M i n i s t r i e s  w i th  d a t a  and ma in ta in  in-  
format ion  l i n k s  between CBMS: 

- Medical s t a t i s t i c s  subsystem (Medstat)  c a r r i e s  o u t  t h e  
automated compi la t ion  of agg rega te  s t a t i s t i c a l  r e p o r t s  
and c a l c u l a t e s  i n d i c e s  r e l a t i n g  t o  t h e  medical  network, 
personnel  and t h e  f u n c t i o n i n g  of  t r e a t m e n t  and preven- 
t i o n  i n s t i t u t i o n s ;  

*Computer Based Management System. 



- The branch d a t a  bank (OFNSI) s u p p l i e s  t h e  subsystems of 
BASC and t h e  s u b u n i t s  of  t h e  M i n i s t r y  of  Heal th  w i t h  
neces sa ry  r e f e r e n c e  m a t e r i a l ;  

- The medical  and medico- technica l  i n fo rma t ion  subsystem 
sea rches  f o r  and p rov ides  b i b l i o g r a p h i c a l  and f a c t u a l  
in format ion  on r e q u e s t ,  c i r c u l a t e s  t o  t h e  a p p r o p r i a t e  
bod ie s  informat ion  abou t  problems, c o l l e c t s  and dissem- 
i n a t e s  t o  s c i e n t i s t s  i n fo rma t ion  about  r e s e a r c h  i n  s c i -  
e n t i f  i c  medical  c e n t e r s .  

The a c t i v i t i e s  l i s t e d  above a r e  a l s o  be ing  developed a t  t h e  
l e v e l  of  t h e  Republ ics .  One subsystem has  been developed i n  
d e t a i l  and p e r f e c t e d  a s  a  s t a n d a r d  model. Republ ics  p lanning  
t o  u s e  t h e s e  p r o j e c t s  c a r r y  o u t  t h e  neces sa ry  p re l imina ry  work 
and adap t  t h e  s t anda rd  p r o j e c t  f o r  each  subsystem. Elements of 
s t a n d a r d  p r o j e c t s  a r e  a l s o  i nc luded  i n  CBMS p r o j e c t s  a t  t h e  r e -  
g i o n a l  and c i t y  l e v e l s  of  t h e  h e a l t h  c a r e  system. 

A s  expe r i ence  of development and p r a c t i c a l  a p p l i c a t i o n  i s  
accumulated,  t h e  systems f o r  v a r i o u s  l e v e l s  w i l l  be expanded 
w i t h  r e g a r d  t o  t h e  number bo th  of  subsystems and of  problems t o  
be  handled by them. A t t e n t i o n  w i l l  be  pa id  t o  automating t h e  
management of  investment  i n  c o n s t r u c t i o n ,  management of t h e  
i n s t a l l a t i o n  and r e p a i r  of medical  equipment, s u p p l i e s  of tech-  
n i c a l  and non techn ica l  goods t o  h e a l t h  c a r e  i n s t i t u t i o n s ,  book- 
keeping ,  c o o r d i n a t i o n  o f  r e s e a r c h ,  e t c .  

BASC P u b l i c  Heal th  o p e r a t e s  a s  a  network of  h e a l t h  ca re -  
o r i e n t e d  computer c e n t e r s  s e r v i n g  t h e  cor responding  admin i s t r a -  
t i v e  l e v e l s  i n  t h e  h e a l t h  c a r e  h i e r a r c h y  and i n t e r a c t i n g  w i t h  
one a n o t h e r  and w i t h  t h e  s t a t e  system of  computer c e n t e r s .  Fig-  
u r e  3 i l l u s t r a t e s  t h e  h i e r a r c h y  of automated systems and com- 
p u t e r  c e n t e r s  used t o  p l a n  and manage h e a l t h  c a r e .  

It i s  d i f f i c u l t  t o  d i s c u s s  t h e  system a s  a  whole i n  a  
s h o r t  paper ;  w e  w i l l  t h e r e f o r e  d e s c r i b e  a s  an example of  a  
f u n c t i o n i n g  subsystem of  BASC P u b l i c  Heal th  t h e  management of  
s a n i t a r y  and ep idemio log ica l  c a r e  o f  t h e  popu la t i on  (CBMS 
Saniped) , o p e r a t i n g  a t  t h e  All-Union, Republic  and c i t y  l e v e l s  
(F igu re  4 ) .  

The automated system o f  management i n  t h e  s a n i t a r y  and 
ep idemio log ica l  s e r v i c e  i s  used t o  improve t h e  s u p e r v i s i o n  of  
s a n i t a r y  measures a t  t h e  n a t i o n a l  l e v e l ,  t o  monitor  t h e  imple- 
menta t ion  o f  p l a n s  and t o  c a r r y  o u t  s a n i t a r y ,  hyg ien i c  and 
an t i ep idemic  measures. 

The e s t a b l i s h m e n t  of CBMS Saniped has  helped t o :  

- I n c r e a s e  t h e  e f f e c t i v e n e s s  of  t h e  s e r v i c e ;  

- To b r i n g  about  more s c i e n t i f i c a l l y  informed and e f f i -  
c i e n t  d e c i s i o n  making through o rgan iz ing ,  and making 
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g r e a t e r  u se  o f ,  a v a i l a b l e  informat ion  f o r  t h e  purposes 
of  a n a l y s i s  and f o r e c a s t i n g  epidemic s i t u a t i o n s .  

The s t r u c t u r e  o f  t h i s  system i s  shaped by t h e  problems 
which a r e  t o  be solved by t h e  s a n i t a r y  and epidemiologica l  s e r -  
v i c e ;  automation i s  used f o r  r eco rd ing  and compil ing r e p o r t s  
on morbid i ty  of  i n f e c t i o u s  d i s e a s e s  and on p reven t ive  and a n t i -  
epidemic measures; ep idemiologica l  a n a l y s i s  and f o r e c a s t s ;  and 
o p e r a t i o n a l  c o n t r o l  and moni tor ing  of  morbid i ty .  

A s  i t s  informat ion  base ,  t h e  subsystem u s e s  t h e  d a t a  r e -  
t r i e v e d  from r e p o r t s  on changes i n  morbid i ty  and on p reven t ive  
and an t i ep idemic  measures. The f i r s t  s t a g e  of  t h e  system pro- 
c e s s e s  t h e  d a t a  and produces over  a  thousand p r i n t o u t s  a  yea r .  
They show t h e  d i s t r i b u t i o n  of v a r i o u s  i n f e c t i o u s  d i s e a s e s ,  
changes i n  t h e  ages  and occupa t iona l  c a t e g o r i e s  of  t h e  p a t i e n t s ,  
h o s p i t a l i z a t i o n  and p ropor t ion  o f  t h e  popu la t ion  covered by 
v a c c i n a t i o n s  and an t i ep idemic  measures. These d a t a  a r e  grouped 
under v a r i o u s  r e g i s t e r s  and a r e  t h e n  used f o r  ep idemiologica l  
a n a l y s i s  and f o r e c a s t s .  The system is  a s e t  of  s e v e r a l  dozen 
f i l e s  w i th  d i r e c t  a c c e s s  t o  magnetic  d i s k s  and s p e c i a l l y  orga-  
n ized  d a t a  a r r a y s ,  making t h e  in fo rma t ion  easy  t o  handle.  

The t e c h n i c a l  base  of CBMS Saniped is  t h e  RYAD s e r i e s  of 
computers and a network of  nodes f o r  t h e  accumlat ion  of  i n f o r -  
mation from t h e  Republics  and c o u n t i e s  and i t s  t r ansmis s ion  t o  
t h e  M i n i s t r y  o f  Heal th  of t h e  USSR. 

The so f tware  of  t h e  subsystem was devised  f o r  d i s k  s t o r a g e  
u s i n g  t h e  problem-oriented BASIC FORTRAN language and t h e  ma- 
ch ine -o r i en ted  Assembler language.  This  so f tware  c o n t a i n s  52  
programs and has a  h igh  l e v e l  of  automation through a s p e c i a l  
c o n t r o l  program. 

CBMS Saniped p rov ides  informat ion  a t  t h e  All-Union l e v e l  
t o  t h e  C e n t r a l  S a n i t a t i o n  and Epidemiology Board of t h e  Min i s t ry  
of  Heal th  o f  t h e  USSR; a t  t h e  Republic l e v e l ,  t o  t h e  correspond- 
i n g  government depar tments  and s a n i t a t i o n  and epidemiology ser- 
v i c e s  of  t h e  Republic concerned and a t  t h e  c i t y  l e v e l  t o  t h e  
c i t y  s a n i t a t i o n  and epidemiology s e r v i c e s .  
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The Use of  Systems I n v e s t i g a t i o n  and S imula t ion  t o  
I n c r e a s e  t h e  E f f i c i e n c y  of Heal th Care Organ iza t ions  

A t  Various Levels  

V.V.  Bessonenko, e t  a l .  

The p r e s e n t  paper  d e s c r i b e s  i n v e s t i g a t i o n s  on t h e  opt imi-  
z a t i o n  o f  h e a l t h  c a r e  a c t i v i t i e s ,  c a r r i e d  o u t  a t  v a r i o u s  organi -  
z a t i o n a l  l e v e l s  i n  a  number o f  c i t i e s  i n  t h e  Union of S o v i e t  
S o c i a l i s t  Republics .  These i n v e s t i g a t i o n s  employed t h e  p r i n c i -  
p l e s  and methods which have been a p p l i e d  i n  r e c e n t  y e a r s  t o  t h e  
most d i v e r s e  s c i e n t i f i c  and p r a c t i c a l  a c t i v i t i e s  and a r e  known 
under  t h e  g e n e r a l  heading o f  "systems approach".  T h i s  approach 
c o n s i S t s  o f  a  s e t  of i n t e r r e l a t e d  p r i n c i p l e s  and t echn iques  
which r e f l e c t  t h e  achievements  of  v a r i o u s  branches  of s c i e n c e  i n  
t o d a y ' s  s c i e n t i f i c  and t e c h n i c a l  r e v o l u t i o n .  The b a s i c  p r i n c i -  
p l e s  t h a t  we used ( t h e  p r i n c i p l e s  of  t o t a l i t y ,  h i e r a r c h y ,  s t r u c -  
t u r i z a t i o n ,  f u n c t i o n a l i t y ,  e t c . )  a r e  t r e a t e d  i n  a  number of pub- 
l i c a t i o n s  which have appeared i n  t h i s  coun t ry  and abroad [1,2,3, 
4 ,5 ,6 ,7 t81  

Simula t ion  i s  one of t h e  most impor tan t  methods i n  t h e  sys-  
tems approach and one of  t h e  most v e r s a t i l e  methods of looking  
a t  t h e  world. We a p p l i e d  two d i f f e r e n t  forms o f  s imu la t ion :  t h e  
formal  l o g i c  v a r i a n t  and t h e  r e a l  o b j e c t  v a r i a n t .  The f i r s t  o f  
t h e s e  r e q u i r e s  t h e  c o n s t r u c t i o n  of a  formal  l o g i c  model of  t h e  
system under s tudy  by us ing  methods of  c y b e r n e t i c s ,  o p e r a t i o n a l  
r e s e a r c h ,  op t ima l  programming t h e o r y ,  e t c . ,  and a t t e m p t s  t o  f i n d  
t h e  op t ima l  o r g a n i z a t i o n  of  t h e  o b j e c t  under s tudy  by va ry ing  
t h e  parameters  o f  t h e  model. The second form i n v o l v e s  t h e  e s t a b -  
l i s h m e n t  of  a  r e a l  o r g a n i z a t i o n  of  s p e c i f i c  composi t ion and s t r u c -  
t u r e  and t e s t i n g  i t s  e f f i c i e n c y  i n  p r a c t i c e .  

I n  t h e  USSR, t h e  h e a l t h  c a r e  s e r v i c e  i s  an  i n t e g r a t e d  h i e r -  
a r c h i c a l  system which co r r e sponds  a t  most of i t s  l e v e l s  t o  t h e  
h i e r a r c h i c a l  s t r u c t u r e  of t h e  l i f e  and a c t i v i t i e s  of  t h e  popu- 
l a t i o n  (F igu re  1 ) .  

We used methods o f  a n a l y t i c a l  s imu la t ion  t o  s o l v e  a  number 
of  o p t i m i z a t i o n  problems a t  t h e  l e v e l s  of  a  t r e a t m e n t  and pre-  
v e n t i o n  f a c i l i t y ,  a  c i t y  h e a l t h  c a r e  system, and t h e  h e a l t h  c a r e  
o r g a n i z a t i o n  of a  Republic .  The h e a l t h  c a r e  system was modeled 
a t  t h e  c i t y  l e v e l  a s  p a r t  o f  t h e  l i f e  s u s t a i n i n g  c y c l e .  

SIMULATION AT THE LEVEL OF A TREATMENT AND PREVENTION FACILITY 

One of  t h e  problems so lved  a t  t h i s  l e v e l  was t h a t  of o p t i -  
mizing t h e  s t r u c t u r e  of d i a g n o s t i c  s u b u n i t s  i n  a  l a r g e  mu l t i p ro -  
f i l e  h o s p i t a l .  
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Figure 1 .  Diagram of a set of measures to  optimize the health care system 
matching the various levels of the population's life activities. 



T h i s  problem r e q u i r e s  s o l u t i o n  because it i s  n o t  proving 
p o s s i b l e  t o  cope wi th  t h e  i nc reased  demands f o r  t h e  examinat ion  
o f  h o s p i t a l i z e d  p a t i e n t s  by modern comprehensive t echn iques ,  
among which b iochemica l ,  c l i n i c a l  and hemato logica l  i n v e s t i g a -  
t i o n s  p l a y  an impor tan t  p a r t .  

I n  a d d i t i o n ,  t h e  d i v e r s i t y  of s t r u c t u r e  among l a r g e  hospi -  
t a l s  compelled u s  t o  t a k e  a  h y p o t h e t i c a l  h o s p i t a l  a s  a  s imula-  
t i o n  o b j e c t  s o  t h a t ,  by s p e c i f y i n g  t h e  i n i t i a l  parameters  o f  t h e  
model, it would be  p o s s i b l e  t o  u s e  t h e  r e s u l t s  under t h e  condi -  
t i o n s  ob t a ined  i n  any l a r g e  m u l t i p r o f i l e  h o s p i t a l .  

The model was c o n s t r u c t e d  i n  t h e  fo l lowing  s t a g e s :  

- Study of  t h e  composi t ion of  t h e  h o s p i t a l i z e d  p a t i e n t s  
a s  a  group;  

- Checking on s t r u c t u r e  and t y p e s  of  d i a g n o s t i c  i n v e s t i -  
g a t i o n s  ; 

- Study o f  " technology" of  d i a g n o s t i c  i n v e s t i g a t i o n ;  

- Development o f  a  mathematical  model of op t imal  opera-  
t i o n s  i n  d i a g n o s t i c  s u b u n i t s ;  

- P r e p a r a t i o n  of  recommendations f o r  t h e  a p p l i c a t i o n  of  
t h i s  model t o  t h e  c o n d i t i o n s  of  any l a r g e  m u l t i p r o f i l e  
h o s p i t a l .  

F i r s t  o f  a l l ,  r e p r e s e n t a t i v e  bases  were s e l e c t e d ,  account  
be ing  t aken  of t h e i r  c a p a c i t y ,  spectrum o f  s p e c i a l i z a t i o n ,  num- 
b e r  o f  t r e a t m e n t  and d i a g n o s t i c  s u b u n i t s ,  range  of s t a f f ,  ade- 
quacy o f  t r e a t m e n t  and d i a g n o s t i c  equipment. The o r g a n i z a t i o n a l  
s t r u c t u r e  of  a  h y p o t h e t i c a l  h o s p i t a l  was d e r i v e d  from an  ana ly -  
s is  o f  a  r e p r e s e n t a t i v e  sample from a  group of  l a r g e  mu l t i p ro -  
f i l e  h o s p i t a l s  by u s i n g  t h e  "primary c l a s s i f i c a t i o n "  method. 

While s tudy ing  t h e  composi t ion  of  t h e  i n - p a t i e n t  group 
and checking  t h e  s t r u c t u r e  and t y p e s  of  d i a g n o s t i c  i n v e s t i g a -  
t i o n s ,  p l u s  a  s t u d y  o f  t h e  " technology" of  t h e s e  i n v e s t i g a t i o n s ,  
we a l s o  processed  d a t a  t aken  from 2700 c a s e  r eco rds ;  t h i s  demon- 
s t r a t e d  t h a t  t h e  f u n c t i o n i n g  of a  h o s p i t a l ' s  d i a g n o s t i c  s u b u n i t s  
cou ld  be d e s c r i b e d  i n  te rms  o f  t h e  mass s e r v i c i n g  t h e o r y .  S ta -  
t i s t i c a l  i n v e s t i g a t i o n  o f  t h e  b a s i c  parameters  o f  s e rv i c ing - -  
t h e  d i s t r i b u t i o n  of  t h e  incoming f low o f  r e q u e s t s ,  d i s t r i b u t i o n  
of  r e q u e s t  ho ld ing  t ime ,  th roughput  c a p a c i t y  of  d i a g n o s t i c  sub- 
u n i t s  and mean l e n g t h  of  queues--led t o  t h e  conc lus ion  t h a t  it 
was imposs ib l e  t o  op t imize  by a n a l y s i s  t h e  s t r u c t u r e  of  a  hos- 
p i t a l  ' s d i a g n o s t i c  s u b u n i t s .  

We t h e r e f o r e  used s i m u l a t i o n .  The o p t i m i z a t i o n  c r i t e r i o n  
was s t a t e d  t o  be  t h a t  t h e  mean s e r v i c i n g  t ime f o r  each  r e q u e s t  
should  be  t h e  s h o r t e s t  neces sa ry  i f  t h e  throughput  c a p a c i t y  of  
d i a g n o s t i c  s u b u n i t s  ove r  a  s imula ted  t ime  i n t e r v a l  was t a k e n  t o  



b e  n o t  less t h a n  t h e  i n f l u x  o f  r e q u e s t s  o v e r  t h e  same p e r i o d  o f  
t i m e .  The mean t i m e  o f  s e r v i c i n g  f o r  e a c h  r e q u e s t  i s  o p t i m a l  
when t h e  t h r o u g h p u t  c a p a c i t y  e q u a l s  t h e  i n f l u x  of  demands. 

The s t r u c t u r a l  f l o w  c h a r t  o f  t h e  model is  shown i n  F i g u r e  2.  
I t  c o n s i s t s  o f  two b l o c k s :  a  b l o c k  r e p r e s e n t i n g  e x t e r n a l  e v e n t s ,  
and a  s e r v i c i n g  b l o c k .  

The f i r s t  o f  t h e s e  b l o c k s  s i m u l a t e s  a  t ime-ordered  sequence  
o f  r e q u e s t s  from t h e  main t r e a t m e n t  s u b u n i t s  and s h a p e s  t h e  n e t  
i n f l o w  o f  r e q u e s t s ,  which is  t h e n  t r a n s m i t t e d  t o  t h e  s e r v i c i n g  
b l o c k .  

The second b l o c k  s i m u l a t e s  t h e  d i s t r i b u t i o n  o f  t h e  work- 
l o a d  among t h e  v a r i o u s  d i a g n o s t i c  s u b u n i t s ,  a s  d e t e r m i n e d  by 
t h e  a l g o r i t h m  o f  t h e i r  f u n c t i o n i n g .  The b a s i c  c h a r a c t e r i s t i c s  
o f  t h e  model a r e  a l s o  e s t i m a t e d  i n  t h e  same b l o c k .  

I n  o r d e r  t o  f i n d  t h e  s t e a d y - s t a t e  c h a r a c t e r i s t i c s  o f  re- 
q u e s t  s e r v i c i n g ,  t h e  p r o c e s s  must b e  r e p e a t e d l y  r e r u n  on a  com- 
p u t e r  and t h e  r e s u l t s  o b t a i n e d  must undergo  s t a t i s t i c a l  pro-  
c e s s i n g .  

S i n c e  we were r e q u i r e d  t o  make r e p e a t e d  c a l c u l a t i o n s  t o  
d e t e r m i n e  t h e  v a l u e s  o f  t h e  main p a r a m e t e r s  of t h e  model,  we 
worked o u t  a n  a l g o r i t h m  which makes it p o s s i b l e  t o  r e p r o d u c e  
t h e  o r i g i n a l  p r o c e s s  i n  t e r m s  o f  i t s  t i m e  sequence  w i t h  a c c e p t -  
a b l e  a c c u r a c y .  

The s i m u l a t i o n  a l g o r i t h m  c o n s i s t s  of  two s u b a l g o r i t h m s .  
The f i r s t  o f  them s i m u l a t e s  t h e  e l e m e n t a r y  p r o c e s s e s  and t h e  
second t a k e s  i n t o  a c c o u n t  t h e i r  i n t e r a c t i o n ,  combining them i n  
a  s i n g l e  p r o c e s s ,  and e n s u r i n g  t h e y  a r e  matched when p layed  on 
t h e  computer .  The e f f e c t s  o f  random f a c t o r s  were s i m u l a t e d  by 
means o f  a  random numbers g e n e r a t o r .  

The second a l g o r i t h m  works a s  f o l l o w s :  

1 .  The i n i t i a l  p a r a m e t e r s ,  namely c o n s t a n t s  and v a r i a b l e s ,  
a r e  d e c i d e d ;  

2. V a r i a n t s  a r e  modeled; 

3 .  The p r o b a b l e  d i s t r i b u t i o n  of  d i a g n o s e s  i s  checked by 
s i m u l a t i o n  u s i n g  Kolmogorov's c o n f o r m i t y  c r i t e r i o n ;  

4. The r e s u l t s  a r e  a n a l y z e d .  I f  t h e  model is  loaded  t o  
c a p a c i t y ,  b u t  t h e r e  a r e  c a s e s  o f  t h e  h o l d i n g  t i m e  f o r  
r e q u e s t s  exceed ing  24 h o u r s ,  go  t o  s t e p  1 ;  o r  i f  t h e  
model i s  i d l e  and d i a g n o s t i c  s u b u n i t s  a r e  u n d e r u t i l i z e d ,  
go  t o  s t e p  1 ;  b u t  i f  t h e  model i s  f u n c t i o n i n g  n o r m a l l y ,  
and no c a s e s  o f  o v e r l o a d i n g  o r  u n d e r u t i l i z a t i o n  a r e  
o b s e r v e d ,  g o  t o  s t e p  5;  



. 
E

X
T

E
R

IO
R

 
E

V
E

N
T

S
 

B
L

O
C

K
 

(I
N

F
O

R
M

A
T

IO
N

- 
A

L
 

B
A

S
IS

 
O

F
 

T
H

E
 

M
O

D
E

L
) 

O
F

 
R

E
Q

U
E

S
T

 
F

L
O

W
 

T
O

 
H

O
S

- 
P

IT
A

L
'S

 
D

IA
G

N
O

S
T

IC
 

S
U

B
- 

t 
t 

I 

(-
--

--
--

-I
 

--
--

 '-
 I---

----
---'

 
A

 
B

A
S

IC
 

T
R

E
A

T
M

E
N

T
ID

E
P

A
R

T
M

E
N

T
H

 

I 
R

E
C

E
P

T
IO

N
 

D
E

P
A

R
T

M
E

N
T

 
I 

I 
L
 -
-
-
-
-
-
-
-
-
-
-
-
 J 

IN
V

A
R

IA
B

L
E

 
E

N
T

R
Y

 
A

R
R

A
Y

: 
1

. 
D

IA
G

N
O

S
IS

 
P

R
O

B
A

B
IL

IT
Y

 
D

E
N

S
IT

Y
 

2
. 

D
IS

T
R

IB
U

T
IO

N
 

O
F

 
D

IA
G

N
O

S
T

IC
 

IN
V

E
S

T
IG

A
T

IO
N

S
 

3
. 

S
T

R
U

C
T

U
R

E
 

O
F

 
D

IA
G

N
O

S
T

IC
 

IN
- 

V
E

S
T

IG
A

T
IO

N
S

, 
E

S
T

A
B

L
I S

H
E

D
 

N
O

R
M

S
 

S
E

R
V

IC
E

 
B

L
O

C
K

 

C
L

IN
IC

A
L

 
L

A
B

O
R

A
T

O
R

Y
 

! I 
P

A
R

A
M

E
T

E
R

S
 

B
IO

C
H

E
M

IC
A

L
 

L
A

B
O

R
A

T
O

R
Y

 
O

F
 

T
H

E
 

M
A

T
H

E
M

A
T

IC
A

L
 

B
A

C
T

E
R

IO
L

O
G

IC
A

L
 

A
N

D
 

S
E

R
O

L
O

G
IC

A
L

 
M

O
D

E
L

 
L

A
B

O
R

A
T

O
R

Y
 

F
U

N
C

T
IO

N
A

L
 

D
IA

G
N

O
S

IS
 

D
E

P
A

R
T

M
E

N
T

 

X
-R

A
Y

 
D

E
P

A
R

T
M

E
N

T
 

t
t
t
 

V
A

R
IA

B
L

E
 

E
N

T
R

Y
 

A
R

R
A

Y
: 

1.
 

D
IS

T
R

IB
U

T
IO

N
 O

F
 

E
N

T
R

Y
 

R
E

Q
U

E
S

T
 

F
L

O
W

 
2

. 
R

E
S

O
U

R
C

E
S

 
O

F
 

H
O

S
P

IT
A

L
'S

 
D

IA
G

N
O

S
T

IC
 

S
U

B
U

N
IT

S
 

A
L

G
O

R
IT

H
M

 
O

F
 

M
O

D
E

L
'S

 
F

U
N

C
T

IO
N

IN
G

 
(P

R
O

C
E

S
S

IN
G

 
S

C
H

E
M

E
) 

P
A

R
A

M
E

T
E

R
S

 
O

F
 

S
IM

U
L

A
T

IO
N

 R
E

- 
G

IM
E

: 
1.

 
D

A
T

E
 

2
. 

N
U

M
B

E
R

 
O

F
 

R
E

- 
Q

U
E

S
T

S
 

3
. 

R
E

S
O

U
R

C
E

S
 

O
F

 
D

IA
G

N
O

S
T

IC
 

S
U

B
U

N
IT

S
 

F
ig

ur
e 

2.
 D

ia
gr

am
 o

f 
th

e 
st

ru
ct

ur
e 

of
 a

 m
at

he
m

at
ic

al
 m

od
el

 f
or

 a
 la

rg
e 

m
ul

ti
pr

of
ile

 h
os

pi
ta

l. 



5.  The v a r i a n t  i s  chosen i n  which t h e  d i a g n o s t i c  s u b u n i t s  
have t h e  opt imal  throughput  c a p a c i t y .  

The model i s  loaded uni formly  throughout  t h e  whole s i m u l a t i o n ,  
and s a t i s f i e s  t h e  o p t i m i z a t i o n  c r i t e r i o n ,  namely t h a t  t h e  r e -  
q u e s t  ho ld ing  t ime should n o t  exceed 2 4  hours .  

The program of t h i s  a l g o r i t h m  c o n s i s t s  of n i n e  modules 
c a r r y i n g  o u t  c e r t a i n  f u n c t i o n s  i n  succes s ion .  

Module I :  Prepa re s  t h e  i n p u t  of t h e  i n i t i a l  d a t a  a r r a y s ,  
s t a r t s  up t h e  random numbers g e n e r a t o r ,  and g e t s  t h e  model 
ready  t o  f u n c t i o n .  

Module 11: Covers t h e  f i n a l  p r e p a r a t i o n s  b e f o r e  s t a r t i n g  
t h e  model. Working f i e l d s  o f  t h e  i n t e r n a l  and e x t e r n a l  memories 
of t h e  computer a r e  c l e a r e d .  

Module 111: Simula t e s  t h e  d i s t r i b u t i o n  o f  r e q u e s t s  over  
t h e  d i f f e r e n t  t ypes  of  d i a g n o s i s  (Monte-Carlo method). 

Module I V :  Shapes t h e  d a t a  a r r a y .  Th i s  module produces 
t h e  a r r a y  of d i s t r i b u t i o n  o f  d i a g n o s t i c  i n v e s t i g a t i o n s  accord-  
i ng  t o  d i agnoses ;  t h e  a r r a y  of d i s t r i b u t i o n  of  d i a g n o s t i c  i n -  
v e s t i g a t i o n s  accord ing  t o  l a b o r a t o r y  codes;  s i m i l a r  a r r a y  f o r  
codes  of  s p e c i a l i s t s ;  a  m a t r i x  r e p r e s e n t i n g  man-hours s p e n t  on 
s e r v i c i n g  i n  a l l  t h e  d i a g n o s t i c  s u b u n i t s .  

Module V :  C a l c u l a t e s  t h e  workload p e r  s p e c i a l i s t  i n  a l l  
s u b u n i t s  and t h e  maximum t ime r e q u i r e d  t o  s e r v i c e  r e q u e s t s .  

Module V I :  C a l c u l a t e s  mean s e r v i c i n g  t ime f o r  each d i ag -  
n o s t i c  i n v e s t i g a t i o n ,  i. e .  pe r  r e q u e s t  and mean man-hours 
s p e n t  i n  s e r v i c i n g  d i a g n o s t i c  i n v e s t i g a t i o n s  i n  a l l  t h e  s u b u n i t s .  

Module V I I :  C a l c u l a t e s  t h e  d i s t r i b u t i o n  o f  d i a g n o s t i c  i n -  
v e s t i g a t i o n s  acco rd ing  t o  d i agnoses .  

Module V I I I :  C a l c u l a t e s  t h e  d i s t r i b u t i o n  of  i n d i v i d u a l s  
admi t ted  a s  i n - p a t i e n t s ,  a cco rd ing  t o  d i a g n o s i s .  

Module I X :  C a l c u l a t e s ,  by u s i n g  s t anda rd  programs, t h e  
b a s i c  parameters  o f  t h e  s e r v i c i n g  p roces s .  

A pre l imina ry  t e s t  c a l c u l a t i o n  on t h e  d a t a  a r r a y  f o r  one 
week was c a r r i e d  o u t  i n  o rde r  t o  de te rmine  t h e  s e n s i t i v i t y  of  
t h e  model t o  changes i n  d a t a .  I t  showed t h a t  t h e  model was 
f u n c t i o n a l  and t h a t  t h e  maximum d a i l y  workload per  s p e c i a l i s t  
i n  a  d i a g n o s t i c  s u b u n i t ,  s e r v i c i n g  a c t u a l  r e q u e s t  f low, was much 
h ighe r  t han  t h e  admis s ib l e  load .  I t  a l s o  i n d i c a t e d  t h a t  t h e  
throughput  c a p a c i t y  of t h e  s u b u n i t s  was 1 7 . 7  p e r c e n t  of  t h e  
r e q u e s t  i n f low and t h e  t ime t a k e n  t o  s e r v i c e  demands was between 
s i x  and n i n e  days.  



It was cons idered  t h a t  t h e  process  of  s e r v i c i n g  r e q u e s t s  
might be  improved by employing e x t e n s i v e  and i n t e n s i v e  opt imi-  
z a t i o n  methods. 

The e x t e n s i v e  op t imiza t ion  approach was t o  i n c r e a s e  t h e  
amount of  equipment wh i l e  r e t a i n i n g  t h e  same t y p e  of equipment 
and t h e  t r a d i t i o n a l  methods of s e r v i c i n g .  Three v a r i a n t s  were 
run: wi th  f i x e d  r e sources ,  w i th  a d d i t i o n a l  r e s o u r c e s  up t o  a  
s t a t e d  l i m i t ,  and wi th  un l imi t ed  a d d i t i o n a l  r e s o u r c e s .  Simula- 
t i o n  c y c l e s  l a s t i n g  one week were conducted each month through- 
o u t  1 9 7 4 .  The i n c r e a s e  i n  t h e  average  monthly throughput  capac- 
i t y  of  t h e  subun i t s  r e s u l t e d  i n  t h e  t ime taken  t o  s e r v i c e  re -  
q u e s t s  be ing  reduced from seven days  t o  one ,  w i th  t h e  in f low 
remaining c o n s t a n t  a t  1 3 3 3  r e q u e s t s  pe r  month. However, t h a t  
o b j e c t i v e  was achieved wi th  t h e  t h i r d  v a r i a n t  when t h e  r e sources  
of  d i a g n o s t i c  s u b u n i t s  were inc reased  by a  f a c t o r  of 2 . 2 .  Such 
a  s o l u t i o n  i s  n o t  t h e  b e s t  one i n  r e a l  h o s p i t a l s .  

The same o b j e c t i v e  was achieved by t h e  i n t e n s i v e  opt imiza-  
t i o n  approach which c o n s i s t e d  of  g i v i n g  t h e  d i a g n o s t i c  s u b u n i t s  
automated equipment t o  c a r r y  o u t  t h e  i n v e s t i g a t i o n s  most f r e -  
quen t ly  r e q u i r e d ,  reducing  t h e  number of  medical  personnel  and 
i n c r e a s i n g  t h e  throughput  c a p a c i t y  of  t h e  s u b u n i t s .  The f o u r t h  
v a r i a n t  on t h e s e  l i n e s  was b u i l t  by us ing  t h e  i n i t i a l  d a t a  ob- 
t a i n e d  i n  t h e  preceding  v a r i a n t s ,  t h e  c a l c u l a t i o n  formulae and 
t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  o f  t h e  s e l e c t e d  automated a n a l y z e r s .  
I t  i s  an e s t a b l i s h e d  f a c t  t h a t  a  cons ide rab le  p a r t  of i n v e s t i -  
g a t i o n s  can be automated up t o  66 pe rcen t ,  f o r  example, i n  t h e  
c l i n i c a l  and d i a g n o s t i c  l a b o r a t o r y ,  which combines t h e  f u n c t i o n s  
o f  t h e  c l i n i c a l ,  biochemical  and s e r o l o g i c a l  l a b o r a t o r i e s ,  and 
a s  much a s  85  p e r c e n t  i n  t h e  f u n c t i o n a l  d i a g n o s i s  department .  

One s tudy  i n d i c a t e d  t h a t  o f  t h e  fou r  v a r i a n t s ,  t h e  f o u r t h  
v a r i a n t  i s  most d e s i r a b l e  because it u s e s  a  r a t i o  between t h e  
numbers of  s p e c i a l i s t s  w i th  h ighe r  and secondary educa t ion  
which co inc ides  wi th  t h a t  c u r r e n t l y  o b t a i n i n g ,  namely one t o  
t h r e e .  This  r a t i o  shows a  tendency t o  inc rease .  

A check on o p t i m a l i t y  us ing  Kolmogorov's c r i t e r i o n  proved 
t h a t  t h e  s imula ted  d i s t r i b u t i o n  of c l a s s e s  of  d i s e a s e  conformed 
t o  t h e  i n i t i a l  empi r i ca l  d i s t r i b u t i o n .  It was concluded,  from 
an  e s t i m a t e  of  improved e f f i c i e n c y  t h a t  would r e s u l t  from i n t r o -  
ducing t h e  proposa ls  under ly ing  t h e  f o u r t h  v a r i a n t ,  t h a t ,  i n  t h e  
long r u n ,  t h e  c o s t s  of  i n t r o d u c t i o n  would be i n d i r e c t l y  compen- 
s a t e d  by h ighe r  q u a l i t y  of  medical c a r e  f o r  t h e  popu la t ion .  

SIMULATION OF AN EMERGENCY HOSPITAL SERVICE FOR A CITY POPULATION 

It i s  known t h a t  o rgan iz ing  t h e  emergency h o s p i t a l i z a t i o n  
of  p a t i e n t s  under modern urban c o n d i t i o n s  c o n s i s t s  o f  a  succes-  
s i o n  of o p e r a t i o n s  r e q u i r i n g  d e c i s i o n s  about  t h e  method of s e r -  
v i c i n g  c a l l s  f o r  emergency medical  he lp ,  s e l e c t i o n  o f  t r a n s p o r t  
r o u t e s ,  func t ion ing  of emergency medical  c a r e  teams, need f o r  
h o s p i t a l i z a t i o n ,  e t c .  



E f f i c i e n t  management o f  a n  emergency h o s p i t a l i z a t i o n  ser- 
v i c e  depends  on  t h e  s u p p l y  o f  r e l e v a n t  i n f o r m a t i o n .  I f  t h e  nec- 
e s s a r y  i n f o r m a t i o n  is  l a c k i n g ,  d e c i s i o n s  a r e  t a k e n  on t h e  b a s i s  
o f  e x p e r i e n c e  and i n t u i t i o n ,  b e c a u s e  a  man i n  a  c o n t r o l  sys tem 
i s  m o t i v a t e d ,  f i r s t  o f  a l l ,  by t h e  need t o  a v o i d  m i s t a k e s  r a t h e r  
t h a n  t h e  d e s i r e  t o  b a s e  h i s  a c t i o n s  on  t h e  o p t i m a l  d e c i s i o n  i n  
a  p a r t i c u l a r  s i t u a t i o n .  I t  i s  t h e r e f o r e  n e c e s s a r y  t o  d e v e l o p  
a  space- t ime  model w i t h  t h e  o b j e c t i v e  o f  o p t i m i z i n g  d e c i s i o n  
making u n d e r  t h e  c o n d i t i o n s  o f  u n c e r t a i n t y  and stress i n h e r e n t  
i n  a n  u rban  emergency h e a l t h  c a r e  s e r v i c e ;  t h i s  p r o c e s s  must 
t a k e  i n t o  a c c o u n t  a  l a r g e  number o f  f a c t o r s  i n c l u d i n g  t h e  need 
f o r  speed  and a c c u r a c y  w i t h i n  g i v e n  r e s o u r c e  c o n s t r a i n t s .  

T h i s  o b j e c t i v e  may be a c h i e v e d  by c o v e r i n g  a  number of  
a s p e c t s ,  among which we would stress t h e  o p t i m i z a t i o n  of  t h e  
i n f o r m a t i o n a l  model; t h e  c l a s s i f i c a t i o n  o f  s i t u a t i o n s  and re- 
l a t e d  s o l u t i o n s  i n t o  r o u t i n e  and n o n r o u t i n e  o n e s ;  t h e  d e f i n i -  
t i o n  o f  i n t e r n a l  and e x t e r n a l  r e l a t i o n s h i p s  i n  t h e  sys tem;  a n  
a g r e e d  l e v e l  o f  a c c u r a c y  f o r  t h e  p r imary  d e s c r i p t i o n  and com- 
p u t e r  c a l c u l a t i o n s ,  a s  r e q u i r e d  f o r  d e c i s i o n  making. 

C o n s t r u c t i o n  o f  t h e  model began w i t h  a n  a n a l y s i s  o f  t h e  
t e c h n i c a l  c h a i n  o f  p r o c e s s i n g  c a l l s  f o r  emergency h e a l t h  c a r e  
and  t h e  means o f  c o n t r o l l i n g  t h i s  p r o c e s s i n g .  T h r e e  l e v e l s  o f  
c o n t r o l  were r e v e a l e d  and  b u i l t  i n t o  t h e  model.  At t h e  f i r s t  
l e v e l ,  t h e  model s o l v e s  t h e  p rob lems  of  d e l i v e r i n g  emergency 
c a r e  t o  a n  i n d i v i d u a l  p a t i e n t ,  namely, s e l e c t i n g ,  on  t h e  b a s i s  
o f  a  set  o f  p a r a m e t e r s  d e f i n i n g  t h e  c a s e ,  t h e  a p p r o p r i a t e  e m e r -  
gency team, f i n d i n g  t h e  team n e a r e s t  t o  t h e  p a t i e n t ,  s e l e c t i n g  
a  c o n v e n i e n t  h o s p i t a l  and t h e  b e s t  r o u t e  t o  t h e  p a t i e n t  and 
t h e n c e  t o  t h e  h o s p i t a l .  

At  t h e  second  l e v e l ,  t h e  model s o l v e s  t h e  problems o f  o p e r -  
a t i o n a l  c o n t r o l :  t h e  c o m p i l a t i o n  o f  s c h e d u l e s  showing c a l l s  
answered by emergency teams ,  r e d i s t r i b u t i o n  o f  t eams  among sub-  
s t a t i o n s ,  etc. 

The t h i r d  l e v e l  i s  r e p r e s e n t e d  by t h e  problems o f  p l a n n i n g  
t h e  a c t i v i t i e s  o f  h o s p i t a l i z a t i o n  on  t h e  b a s i s  o f  t h e  known d i s -  
t r i b u t i o n  o f  emergency c a l l s  o v e r  d i f f e r e n t  p e r i o d s  of  t i m e  and 
o v e r  t h e  c i t y  g r i d .  

S i n c e  t h e  whole set  o f  problems a r e  common t o  any sys tem 
o r  o r g a n i z i n g  emergency h o s p i t a l i z a t i o n  i n  any l a r g e  c i t y ,  t h e  
model c a n  be used  a s  a  p r o t o t y p e .  

THE SIMULATION OF A  HEALTH CARE SYSTEM FOR THE POPULATION OF A  
LARGE INDUSTRIAL CITY 

A c i t y  i s  an  e l e m e n t a r y  u n i t  o f  human s o c i e t y  common t o  
a l l  e x i s t i n g  socio-economic s t r u c t u r e s .  The o b j e c t i v e  o f  simu- 
l a t i n g  a n  u r b a n  h e a l t h  care sys tem is t o  a s c e r t a i n  i t s  o p t i m a l  



s t r u c t u r e  and composit ion.  The model i s  based on t h e  r e s u l t s  
of a  systems a n a l y s i s  of t h e  c i t y  a s  a  l i f e - s u s t a i n i n g  u n i t .  

F i r s t  of a l l ,  it is  necessary  t o  d e f i n e  t h e  o b j e c t i v e s  and 
development t r e n d s  of a  c i t y  w i t h i n  t h e  framework of  a  wider 
socio-economic system. 

The o b j e c t i v e s  and development of an i n d i v i d u a l  c i t y  a r e  
de termined,  on one hand, by t h e  need t o  s u s t a i n  t h e  l i f e  c y c l e s  
of s p e c i f i c  popu la t ions ,  and on t h e  o t h e r  hand, by t h e  demands 
of some h igher  ranking  system. This  becomes c l e a r  i n  an e r a  
of i n d u s t r i a l  u rban iza t ion ,  when a  new c i t y  may o f t e n  be b u i l t  
i n  sur roundings  uncongenial  t o  h a b i t a t i o n ,  condi t ioned by ob- 
j e c t i v e s  e x t e r i o r  t o  i t s e l f .  

The growth o b j e c t s  wi th  e x t e r i o r  o b j e c t i v e s ,  a s ,  f o r  exam- 
p l e ,  l a r g e  i n d u s t r i a l  complexes, c o n d i t i o n s  t h e  growth of l i f e -  
s u s t a i n i n g  o b j e c t s  such a s  community f a c i l i t i e s  i n  t h e  c i t y ' s  
h e a l t h  c a r e  system, municipal  food s u p p l i e s ,  t r a n s p o r t a t i o n ,  e t c .  

Human l i f e  a c t i v i t i e s  i n  urban c o n d i t i o n s  appear  t o  be de- 
termined by t h e  degree  t o  which t h e  composit ion and s t r u c t u r e  
of t h e s e  systems and t h e  types  of  r e l a t i o n s h i p s  betweenethem 
ensu re  a  man's complete p h y s i c a l ,  mental  and s o c i a l  well-being.  

A s  a  f u n c t i o n a l  approach,  t h e  h e a l t h  c a r e  system a t  t h e  
c i t y  l e v e l  must i nc lude ,  i n  a d d i t i o n  t o  h e a l t h  c a r e  proper ,  
o t h e r  elements  f u n c t i o n a l l y  r e l a t e d  t o  p re se rv ing  t h e  h e a l t h  of 
t h e  popula t ion .  According t o  t h i s  concept ,  h e a l t h  c a r e  i s  no t  
conf ined  t o  o rgan iz ing  a  p u b l i c  h e a l t h  system; it inc ludes  o t h e r  
l i f e - s u s t a i n i n g  systems (LSS) and r e q u i r e s  t h e i r  a c t i v i t i e s  t o  
be coordina ted  i n  o rde r  t o  p re se rve  pub l i c  h e a l t h .  

According t o  t h e  p r i n c i p l e  of s t r a t i f i e d  d e s c r i p t i o n ,  a  
c i t y  must be analyzed from t h r e e  main a s p e c t s ,  namely, bio-  
medica l ,  t echno log ica l  and s o c i a l .  

According t o  t h e  h i e r a r c h i c a l  p r i n c i p l e ,  a  s tudy i s  made 
of t h e  d i f f e r e n t  l e v e l s  w i t h i n  each a spec t ;  t h e s e  a r e  shown i n  
F igu re  1 .  

Thus, t h e  biomedical  a s p e c t  must be  s t u d i e d  a t  t h e  l e v e l  
of an  i n d i v i d u a l  organism, t h e  urban popula t ion ,  urban anthro-  
pobiocenos is ,  r e g i o n a l  b iocenos i s .  In  t h i s  way, t h e  d a t a  ob- 
t a i n e d  w i l l  r e f l e c t  t h e  complicated r e l a t i o n s h i p s  which l i n k  
biosystems a t  t h e s e  l e v e l s .  

Obviously, t h e  c h a r a c t e r i s t i c  p rocesses  a t  each l e v e l  have 
t h e i r  own rhythm and t h e  time s c a l e s  r equ i r ed  f o r  s tudying  and 
s imula t ing  them cannot  b e  t h e  same i n  a l l  c a s e s .  

The obj .ec t ive  o f  s imu la t ion  must be  t o  pu t  forward,  i n  t h e  
l i g h t  of  t h e  g iven  socio-economic c o n s t r a i n t s ,  recommendations 
about  t h e  composit ion and s t r u c t u r e  of t h e  opt imal  h e a l t h  c a r e  



system to achieve the physical and mental well-being of the 
individual. 

The simulation procedure is based on the axiomatic assump- 
tion that the structure of life-sustaining activities of bio- 
systems ak various levels (a combination of temporal, spatial, 
information and resource relationships) determines the composi- 
tion and structure of the corresponding life-sustaining systems 
and hence of health care. 

In this case, simulation, as a method of acquiring knowledge 
about life activities and finding optimal LSS must start with 
information which classifies the factors determining the char- 
acteristics of man's life-sustaining activities and covers both 
their different qualities (illness, health) and different de- 
grees of intensity. Simulation directed at finding a better 
organization of the health care system (HCS) within the struc- 
ture of LSS must, in its turn, propose structures of such a na- 
ture that phenomena of LSS which are harmful, according to bio- 
medical and socio-hygienic criteria, are neutralized for a min- 
imum period and with minimum expenditure. 

The second axiomatic assumption skates that the simulation 
process may begin the study of the life-sustaining activities of 
biosystems at any level. However, the study must cover at least 
three contiguous levels, namely, the level under investigation 
and those immediately above and below it. 

Figure 3 shows a diagram of the stages in constructing a 
HCS at city level. 

Studies of life-sustaining actiGities of biosystems and 
of the existing LSS and HCS are conducted in parallel. 

At the first stage, we classify the abiotic, biotic and 
social factors of life-sustaining activities and the HCS. This 
is carried out in conjunction with an investigation of function- 
al objective of the city as an element of an exterior socio- 
economic system together with the classification of its inter- 
relationships. 

At the second stage, we classify the life-sustaining ackiv- 
ities of people at the level of the individual, group and pop- 
ulation. At the same stage, the city LSS and HCS are broken 
down and the types of activities they include are classified. 
These two sets of classifications are mutually supplementary. 
For example, classifying the activities of particular objects 
in the city facilitates the classification of social components 
in the life activities of various population groups by type of 
employment within the working community. At the same time, we 
can estimate the similarity between the functional cycles of 
LSS objects in the city and biological cycles in the life activ- 
ities of an individual, group, and population; the methods of 
eliminating dissimilarities can also be evaluated. 
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The t h i r d  s t a g e  i s  d e v o t e d  t o  d e s c r i b i n g  t h e  l i f e  a c t i v i t i e s  
and  f u n c t i o n i n g  o f  LSS and HCS, i n  q u a l i t a t i v e  and q u a n t i t a t i v e  
t e r m s .  

The f o u r t h  s t a g e  is  c o n c e r n e d  w i t h  t h e  c l a s s i f i c a t i o n  by 
l o g i c  and meaning (LM c l a s s i f i c a t i o n )  of p o s s i b l e  r e l a t i o n s h i p s  
between v a r i o u s  components o f  l i f e  a c t i v i t i e s  a t  a l l  l e v e l s  and 
t h e  i n v e s t i g a t i o n  of r e l a t i o n s h i p s  ( i n  t i m e ,  s p a c e ,  r e s o u r c e s ,  
e t c . )  between t h e  t y p e s  o f  a c t i v i t i e s  o c c u r r i n g  i n  LSS and HCS. 

The t h i r d  and f o u r t h  s t a g e s  p r o v i d e  t h e  n e c e s s a r y  in fo rma-  
t i o n  f o r  c o n s t r u c t i n g  f o r m a l  l o g i c  models  t o  d e s c r i b e  t h e  dynam- 
i c  p r o c e s s e s  i n  t h e  s y s t e m s  c o n c e r n e d .  

The most c o m p l i c a t e d  s t a g e  i s  t h a t  o f  c o n s t r u c t i n g  a  dynam- 
ic  model which d e s c r i b e s  LSS a s  c o n t r o l l e d  p r o c e s s e s  and t h e  
a c t i v i t i e s  o f  LSS and HCS a s  c o n t r o l l i n g  a c t i o n s .  I n  c o n s t r u c t -  
i n g  t h e  s e p a r a t e  e l e m e n t s  o f  s u c h  model it becomes e v i d e n t  t h a t  
i t  must  b e  a  network o f  more e l e m e n t a r y  f o r m a l  l o g i c  mode l s .  
Each o f  them d e s c r i b e s  a  s e p a r a t e  c y c l e  o f  l i f e  a c t i v i t i e s  a t  
e a c h  l e v e l  and  t h e  c o r r e s p o n d i n g  a c t i v i t y  c y c l e  o f  LSS and HCS. 
The network o f  models  must  r e f l e c t  t h e  d i f f e r e n c e s  i n  t y p e s  o f  
c o n t r o l ,  t i m e  and r e s o u r c e  c o r r e s p o n d e n c e  ( s u c h  a s  " o b j e c t i v e -  
means",  " p r o d u c e r - p r o d u c t " ,  " c o n t r o l l i n g - c o n t r o l l e d " ,  e t c . )  
e s t a b l i s h e d  a t  t h e  p r e c e d i n g  s t a g e s .  N a t u r a l l y ,  a n t h r o p o g e n e t i c  
a n d  s o c i a l  f a c t o r s  o f  t h e  i n t e r n a l  and e x t e r n a l  media o f  t h e  
c i t y  must  e n t e r  t h i s  network o f  models  a s  d i s t u r b a n c e s .  

T h i s  s t a g e  i s  c a r r i e d  o u t  u s i n g  t e c h n i q u e s  o f  m u l t i v a r i a t e  
s t a t i s t i c a l  a n a l y s i s ,  i n f o r m a t i o n  a p p r o a c h ,  and t h e  queu ing  
t h e o r y  t o  o b t a i n  q u a n t i t a t i v e  e s t i m a t e s  o f  c o n f o r m i t y  between 
t h e  s t a t e s  of i n t e r a c t i n g  o b j e c t s .  

Our e x p e r i e n c e  shows t h a t  s u c h  a  network c a n n o t  b e  con- 
s t r u c t e d  w i t h o u t  u s i n g  modern means o f  c o l l e c t i n g  and p r o c e s s -  
i n g  i n f o r m a t i o n .  

For  i n s t a n c e ,  i n v e s t i g a t i o n  o f  t h e  c o r r e s p o n d e n c e  between 
m e t e o r o l o g i c a l  c o n d i t i o n s ,  a t m o s p h e r i c  p o l l u t i o n  and m o r b i d i t y  
o f  t h e  p o p u l a t i o n  was c a r r i e d  o u t  by t h e  f i r s t  s t a g e  o f  a n  
au tomated  s y s t e m s  c o n t r o l  of t h e  c i t y ' s  HCS ( A S C - c i t y h e a l t h ) .  
It showed t h a t  au tomated  s y s t e m s  c o n t r o l  o f  o b j e c t s  i n  i n d u s -  
t r i a l  and n o n i n d u s t r i a l  s p h e r e s ,  i n  a d d i t i o n  t o  i t s  main pur -  
p o s e  o f  i n c r e a s i n g  t h e  e f f i c i e n c y  o f  human a c t i v i t i e s ,  c a n  and 
s h o u l d  be  u s e d  a s  a  t o o l  i n  work ing  o u t  p r o p o s a l s  f o r  o p t i m a l  
LSS and HCS. T h e r e f o r e ,  a t  t h e  f i f t h  s t a g e ,  t h e  c o n s t r u c t i o n  
o f  t h e  ne twork  o f  models ,  d i s t i n g u i s h i n g  between t h e  f u n c t i o n a l  
s u b s y s t e m s  o f  t h e  c i t y ' s  ASC t a k e  p l a c e  i n  o n e  b l o c k .  

The e f f i c i e n c y  o f  s u c h  a n  a p p r o a c h  i s  i l l u s t r a t e d  by t h e  
r e s u l t s  o b t a i n e d  by o n e  o f  t h e  d e v e l o p e d  s u b s y s t e m s  o f  HCS-- 
t h e  e p i d e m i o l o g i c a l  s e r v i c e  f o r  c i t y  p o p u l a t i o n s ,  i n c l u d e d  i n  
ASC-Cityheal th  [ 9 ] .  



The system i s  de s igned  i n  such manner t h a t  t h e  a c t i v i t i e s  
o f  t h e  ep idemio log i ca l  s e r v i c e  b r i n g  t o g e t h e r  LSS be longing  t o  
d i f f e r e n t  a d m i n i s t r a t i v e  b r anches  (munic ipa l  food s u p p l i e s ,  
wa t e r  supp ly ,  e t c .  ) . 

Development o f  subsystems t o  p r o t e c t  t h e  environment  and 
p o p u l a t i o n  from i n d u s t r i a l  p o l l u t i o n  is  c a r r i e d  o u t  i n  a  s i m i l a r  
manner. It i n v o l v e s  i n t e r r e l a t i n g  s t u d i e s  and p r a c t i c a l  a p p l i -  
c a t i o n  i n  t h r e e  f i e l d s :  b iomed ica l ,  t e c h n o l o g i c a l  and s o c i a l .  

The b iomedica l  a s p e c t  i n v o l v e s  s t u d y i n g  t h e  harmful  e f f e c t s  
o f  p o l l u t i o n  on man and on t h e  f l o r a  and fauna  i n  t h e  c i t y ,  and 
p ropos ing  a  set  of  medica l  and e c o l o g i c a l  measures  t o  p r o t e c t  
b io sys t ems  from i n d u s t r i a l  was t e s .  

The t e c h n o l o g i c a l  a s p e c t  i n v o l v e s  mon i to r i ng  t h e  w a t e r ,  
a tmosphere  and s o i l  c o n d i t i o n s  i n  t h e  c i t y  and i t s  su r round ings ,  
d e t e c t i o n  o f  s o u r c e s  o f  harmful  w a s t e s  and p ropos ing  measures  
t o  change  technology  and o r g a n i z e  i n d u s t r i a l  p r o c e s s e s  w i t h  a  
view t o  r e d u c i n g  p o l l u t i o n .  

The s o c i a l  a s p e c t  i n v o l v e s  f i n d i n g  s o c i a l  and m a t e r i a l  r e -  
s o u r c e s  t o  c a r r y  o u t  t h e  measures  l i s t e d  above,  a s  w e l l  a s  
s t u d y i n g  t h e  i n f l u e n c e  of s o c i a l  f a c t o r s  on p u b l i c  h e a l t h .  

The main o r g a n i z a t i o n s  r e s p o n s i b l e  were a s s i g n e d  t o  d e a l  
w i t h  e ach  a s p e c t ,  namely, s c i e n t i f i c  and p r a c t i c a l  i n s t i t u t i o n s  
o f  v a r i o u s  t y p e s ,  i n c l u d i n g  h e a l t h  c a r e  i n s t i t u t i o n s ,  i n d u s t r i a l  
p l a n t s ,  and s o c i a l  o r g a n i z a t i o n s .  The need t o  have w i t h i n  LSS 
a  permanent ly  f u n c t i o n i n g  subsystem f o r  env i ronmenta l  c o n t r o l ,  
b r i n g i n g  t o g e t h e r  o r g a n i z a t i o n s  from d i f f e r e n t  a d m i n i s t r a t i v e  
b r anches ,  made it n e c e s s a r y  t o  e s t a b l i s h  a  s p e c i a l  o rgan  t o  con- 
t r o l  t h i s  system w i t h i n  t h e  Execu t i ve  Committee o f  t h e  S o v i e t  
o f  Working P e o p l e ' s  Depu t i e s .  

The subsystem i s  deve loped  a t  t h e  c i t y  l e v e l ,  by i n c l u s i o n  
i n  ASC-Cityhealth and a t  t h e  l e v e l  o f  i n d i v i d u a l  p l a n t s  t h r o u g h  
t h e  au tomated  sys tem of  medica l  and s a n i t a r y  s e r v i c i n g  o f  t h e  
p o p u l a t i o n  (ASC-Health). W e  r e g a r d  t h e s e  subsys tems  a s  t h e  f i r s t  
subsys tems  of  a  f u t u r e  C i t y  ASC [9 ,10 ] .  

ASC-Cityhealth i s  be ing  deve loped  i n  o r d e r  t o  i n c r e a s e  t h e  
e f f i c i e n c y  of  h e a l t h  c a r e  s e r v i c e s  by au tomat ing  t h e  a c t i v i t i e s  
c o n t r o l l i n g  h e a l t h  c a r e  and c o o r d i n a t i n g  a l l  t h e  o r g a n i z a t i o n s  
i n  t h e  c i t y  r e s p o n s i b l e  f o r  it. ASC-Health works on t h e  assump- 
t i o n  t h a t  t h e  e f f i c i e n c y  of  h e a l t h  and s a n i t a r y  s e r v i c e s  f o r  t h e  
employees of  i n d i v i d u a l  o r g a n i z a t i o n s  i s  i n c r e a s e d  by au tomat ing  
b o t h  t h e  p r o c e s s e s  o f  t h e  s e r v i c e  and t h e  methods o f  c o n t r o l l i n g  
them. 

ASC-Health i s  one o f  t h e  l ower - l eve l  subsys tems  of  ASC- 
C i t y h e a l t h ;  a t  t h e  same t i m e  it i s  one of  t h e  c e n t r a l  subsys tems  
o f  ASC-Plant. I t  i s  t h e r e f o r e  a  subsystem t h a t  c o u p l e s  ASC o f  
o b j e c t s  i n  t h e  i n d u s t r i a l  s p h e r e  t o  t h a t  o f  o b j e c t s  i n  t h e  non- 
i n d u s t r i a l  s p h e r e  [ I  01 . 



Clear-cut  informat ion  channe l s  a r e  de f ined  f o r  a l l  objec-  
t i v e s  o f  t h e s e  systems.  Thus, one subsystem i n  ASC-Health 
s u p p l i e s  informat ion  t o  a  subsystem "SES" of ASC-Cityhealth on 
blowouts from s p a t i a l l y  d i s t r i b u t e d  sources  of  p o l l u t i o n ,  f o r  
t h e  purpose of monitoring t h e  s t a t e  of  t h e  atmosphere. 

Another subsystem of ASC-Health p l a n s  t h e  opt imal  r e s o u r c e  
consumption r a t e ,  a f t e r  it has  been f i x e d  f o r  longer  p e r i o d s  of  
t ime  by t h e  "P lan f in"  subsystem of ASC-Cityhealth. Subsystems 
t o  c o o r d i n a t e  ASC o p e r a t i o n s  i n  p l a n t s  provide  t h e  r e q u i s i t e  
advance informat ion  t b  t h e  environment c o n t r o l  subsystem t o  en- 
a b l e  it t o  p r e d i c t  p o l l u t i o n  of  working spaces  and blowouts 
i n t o  t h e  s a n i t a r y  p ro t ec t ed  zone, t o  p lan  opt imal  p reven t ive  
r e p a i r s  o f  sewage t r ea tmen t  u n i t s ,  e t c .  

The u s e  of automated systems c o n t r o l  w i l l  no t  on ly  f a c i l i -  
t a t e  t h e  p rocess  of  c o n s t r u c t i n g  t h e  network of formal l o g i c  
models, b u t  w i l l  a l s o  make it p o s s i b l e  t o  c o r r e c t  models, on a  
con t inu ing  b a s i s  and i n c r e a s e  t h e i r  adequacy ( s t a g e  V I ) .  I t  
should be mentioned t h a t  t h e  development of  ASC i s  based on some 
i n i t i a l  models of s e l f - c o n t r o l  by a  s o c i a l  o r g a n i z a t i o n  and of 
t h e  p rocesses  whereby it i n t e r a c t s  wi th  o t h e r  o b j e c t s .  The 
adequacy of  t h e s e  models t h e r e f o r e  de termines  t h e  deg ree  of  pos- 
s i b l e  automation of c o n t r o l  p rocesses  and t h e  f u t u r e  r o l e  of  
t e c h n i c a l  methods. 

AN EXAMPLE OF MODEL CONSTRUCTION AT THE LEVEL OF THE PUBLIC 
HEALTH CARE SERVICE OF A REPUBLIC 

An a t t empt  was made a t  t h e  l e v e l  of t h e  p u b l i c  h e a l t h  c a r e  
s e r v i c e  of  a  Republic  t o  s o l v e  t h e  problem of opt imal  l o c a t i o n s  
o f  h o s p i t a l s  i n  a g r i c u l t u r a l  r e g i o n s  when t h e  o p t i m a l i t y  c r i t e -  
r i o n  i s  t h e  t ime o f  p a t i e n t s q  t r a n s p o r t a t i o n  [ I l l .  

I n  s e l e c t i n g  t h e  f a c t o r s  de termining  t h e  geographica l  d i s -  
t r i b u t i o n  of  h o s p i t a l s ,  t h e  fo l lowing p o i n t s  were t aken  i n t o  
account :  t h e  s i z e  of  popu la t ion  t o  be se rved ,  t h e  s tandard  num- 
b e r  of beds pe r  1000 of popu la t ion ,  t h e  a r e a  covered by h o s p i t a l  
s e r v i c e s ,  t h e  c a p a c i t y  t o  b u i l d  h o s p i t a l s  and t h e  average  t ime 
t aken  t o  t r a n s p o r t  a  p a t i e n t  t o  t h e  h o s p i t a l ;  t h i s  l a s t  f a c t o r  
depends,  i n  i t s  t u r n ,  on t h e  d i s t a n c e s  between s e t t l e m e n t s ,  road 
c o n d i t i o n s  and t h e  speed of medical  t r a n s p o r t .  

The mathematical  model of  t h e  problem and t h e  method of 
s o l v i n g  it a r e  a s  fo l lows:  

i f  n  i s  t h e  number of  s e t t l e m e n t s  i n  t h e  r eg ion  where 

a  i s  popu la t ion  of i t h  s e t t l e m e n t  and b  is  t h e  s t anda rd  number i 
o f  beds pe r  1000 of popu la t ion ,  t hen  t h e  r e q u i r e d  number of beds 
f o r  t h e  i t h  s e t t l e m e n t  i s  



Le t  j € J ,  J C I b e  t h e  number o f  t h e  s e t t l e m e n t  where a  
h o s p i t a l  w i l l  p o s s i b l y  be  b u i l t .  W e  d e f i n e  a  q u a n t i t y  x i j  a s  
f o l l o w s  : 

0,  i f  i t h  s e t t l e m e n t  i s  n o t  a s s i g n e d  t o  
x  i j  = (  j t h  h o s p i t a l ,  

1 o t h e r w i s e .  

Each s e t t l e m e n t  be ing  a s s i g n e d  t o  one h o s p i t a l ,  

Owing t o  t h e  l i m i t e d  c a p a c i t y  of h o s p i t a l s  i n  each  se t t le-  
ment hav ing  a  h o s p i t a l ,  t h e  f o l l i w i n g  must ho ld :  

Le t  c be  t h e  t i m e  o f  t r a n s p o r t a t i o n  from i t h  s e t t l e m e n t  
il 

t o  j t h  hospital. 

The t o t a l  t i m e  r e q u i r e d  t o  t r a n s p o r t  p a t i e n t s  t o  t h e  hos- 
p i t a l s  from t h e  s e t t l e m e n t s  a s s i g n e d  t o  t h o s e  h o s p i t a l s  i s  

According t o  t h e  o p t i m a l i t y  c r i t e r i o n ,  t h i s  e x p r e s s i o n  must 
be  minimized.  I n s t e a d  of  c i j ,  w e  c a n  i n t r o d u c e  t h e  v a r i a b l e s  

s x v  where sii i s  t h e  d i s t a n c e  from i t h  s e t t l e m e n t  t o  j t h  i j  a v '  
h o s p i t a l ,  and vav is t h e  a v e r a g e  speed a t  which a  p a t i e n t  i s  
t r a n s p o r t e d .  

Hence, w e  a r r i v e  a t  t h e  f o l l o w i n g  numer ica l  l i n e a r  program- 
ming problem 

f i n d  such  v a l u e s  o f  x i j  t h a t  t h e  f u n c t i o n  



assumes minimum v a l u e  s u b j e c t  t o  t h e  r e s t r i c t i o n s  

S i n c e  w i t h  t h i s  f o r m u l a t i o n  t h e  model d i d  n o t  i n c l u d e  c e r -  
t a i n  n e c e s s a r y  economic i n d i c e s ,  i t  was " t u n e d "  a t  t h e  n e x t  
s t a g e  i n  a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  of i n t e g r a t e d  r e g i o n a l  
p l a n n i n g .  C o r r e c t i o n s  were a l s o  made f o r  t h e  a d m i n i s t r a t i v e  and 
economic impor tance  o f  p o p u l a t i o n  c e n t e r s ,  and t h e  g e o g r a p h i c a l  
d i s t r i b u t i o n  of  i n d u s t r i a l  p l a n t s  and a g r i c u l t u r a l  complexes ,  
a s  w e l l  a s  f o r  t h e  t r a d i t i o n a l  g r a v i t a t i o n  o f  p e o p l e  t o  medica l  
i n s t i t u t i o n s .  The o p t i m a l  v e r s i o n  o f  t h e  p l a n  was compared by 
means o f  t h e  reduced  e x p e n d i t u r e s  fo rmula  w i t h  t h e  p r o j e c t s  o f  
a g r i c u l t u r a l  r e g i o n s  a s  deve loped  by t r a d i t o n a l ,  i n t u i t i v e  
methods.  

O t h e r  c r i t e r i a  o f  economic e x p e d i e n c y  were  a l s o  u s e d ,  among 
them s p e c i f i c  c a p i t a l  i n v e s t m e n t s ,  a v e r a g e  e x p e n d i t u r e  p e r  hos- 
p i t a l  bed p e r  y e a r  and t h e  c o s t s  o f  h e a l t h  c a r e  t r a n s p o r t  a l l o -  
c a t e d  t o  a  h o s p i t a l  on t h e  b a s i s  o f  s t a n d a r d s  r e l a t i n g  t o  i t s  
c a p a c i t y  . 

I t  i s  u n q u e s t i o n a b l e  t h a t  h u m a n i t a r i a n  f a c t o r s  ( a  b e t t e r  
r e s p o n s e  t o  p e o p l e ' s  needs  f o r  h e a l t h  c a r e ,  i t s  q u a l i t y ,  a v a i l -  
a b i l i t y ,  s p e c i a l i z a t i o n ,  e t c . )  must p redomina te  when s u c h  prob-  
l e m s  a r e  b e i n g  s o l v e d ,  b u t  it a p p e a r s  t h a t  economic e f f i c i e n c y  
i n  u s i n g  l a b o r ,  m a t e r i a l  and f i n a n c i a l  r e s o u r c e s  must n o t  b e  
o v e r l o o k e d  e i t h e r .  T h i s  i s  e s p e c i a l l y  t r u e  o f  c a p i t a l  i n v e s t m e n t  
i n  t h e  c o n s t r u c t i o n  of  h e a l t h  c a r e  b u i l d i n g s ,  w i t h  t h e i r  s low 
r a t e  o f  a m o r t i z a t i o n .  

I n  c o n c l u s i o n ,  i t  should  be n o t e d  t h a t  t h e  p r i n c i p l e s  o f  
s y s t e m s  r e s e a r c h  and t h e  s p e c i f i c  models  d e s c r i b e d  i n  t h i s  paper  
h e l p  t o  i n c r e a s e  t h e  e f f i c i e n c y  o f  h e a l t h  c a r e  a t  v a r i o u s  o r g a n i -  
z a t i o n a l  l e v e l s .  
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Systems A n a l y s i s  and Systems Approach 

I n  WHO'S  Manager ia l  A s s i s t a n c e  t o  C o u n t r i e s  

Guido J .  Deboeck 

Systems a n a l y s i s  i s  concerned  w i t h  p roduc ing  an a c c u r a t e  
r e p r e s e n t a t i o n  o f  s y s t e m  e l e m e n t s  and t h e i r  i n t e r r e l a t i o n s h i p s ,  
w i t h i n  t h e  p r e c i s e l y  d e f i n e d  boundary o f  a  sys tem.  T h i s  d e f i n i -  
t i o n  h a s ,  however,  been s u b j e c t e d  t o  a  number o f  i n t e r p r e t a t i o n s .  
F i r s t  of a l l ,  it may r e f e r  t o  a  d e s c r i p t i v e  p r o c e s s  o f  a n a l y z i n g  
and e x p l a i n i n g  i n t e r r e l a t e d  e l e m e n t s  t h a t  c o n s t i t u t e  a  system- 
a t i c  whole ,  w i t h o u t  n e c e s s a r i l y  u s i n g  q u a n t i t a t i v e  methods ( f o r  
example,  a  d e s c r i p t i v e  s t a t e m e n t  of  t h e  f u n c t i o n i n g  of  t h e  h e a l t h  
s y s t e m ) .  I n  t h i s  i n t e r p r e t a t i o n ,  c o n c e p t s  and c o n v e n t i o n s  of  
s y s t e m s  t h e o r y  c a n  be used  t o  g a i n  an  u n d e r s t a n d i n g  of how t h e  
s t r u c t u r e  and p r o c e s s e s  o f  s m a l l e r  and l a r g e r  s y s t e m s  a r e  b u i l t  
u p  and i n t e r r e l a t e d .  Secondly ,  s y s t e m s  a n a l y s i s  may r e f e r  t o  a  
g roup  o f  methods t o  r e s o l v e  o p e r a t i o n a l  p rob lems ,  u s i n g  a  v a r i e t y  
o f  q u a n t i t a t i v e  t e c h n i q u e s ,  i n c l u d i n g  t h o s e  o f  o p e r a t i o n s  re- 
s e a r c h  and  economic a n a l y s i s  ( f o r  example,  a  c o s t - b e n e f i t  a n a l -  
y s i s  o f  m a l a r i a  e r a d i c a t i o n ) .  F i n a l l y ,  s y s t e m s  a n a l y s i s  i n  i t s  
most r e s t r i c t e d  s e n s e  may r e f e r  t o  one o r  o t h e r  t e c h n i q u e  f o r  
s o l v i n g  s p e c i f i c  and l i m i t e d  p rob lems  ( f o r  example,  a n  i n v e n t o r y  
c o n t r o l  s t u d y  o f  a  h o s p i t a l ) .  

The I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s  
h a s  i n c l i n e d  towards  t h e  second i n t e r p r e t a t i o n  of  s y s t e m s  a n a l -  
y s i s .  I n  I IASA: Background I n f o r m a t i o n  it i s  s t a t e d :  " I n s t i -  
t u t e  i n t e r p r e t s  Appl ied  Systems A n a l y s i s  n o t  a s  a  t e c h n i q u e  o r  
even a  set  o f  t e c h n i q u e s  b u t  a s  a n  embracing r a t i o n a l  approach  
t o  t h e  r e s o l u t i o n  o f  complex prob lems .  Appl ied  s y s t e m s  a n a l y s i s  
i s  a  framework o f  t h o u g h t  d e s i g n e d  t o  h e l p  d e c i s i o n  makers  choose  
t h e  d e s i r a b l e  ( o r  i n  some c a s e s  a  " b e s t " )  c o u r s e  of  a c t i o n " .  

Over t h e  l a s t  c o u p l e  o f  y e a r s ,  WHO h a s  a d o p t e d  a  s i m i l a r  
a t t i t u d e  towards  s y s t e m s  a n a l y s i s  and i t s  p o t e n t i a l  r o l e .  Through 
a  p r o c e s s  o f  what  migh t  b e  c a l l e d  p lanned  i n c r e m e n t a l i s m ,  WHO h a s  
d e v e l o p e d  i t s  own s y s t e m s  a p p r o a c h  t o  h e a l t h  p l a n n i n g  and manage- 
ment.  Over t h e  l a s t  f i v e  y e a r s ,  t h i s  a p p r o a c h  h a s  been a p p l i e d ,  
w i t h  t h e  s u p p o r t  of  WHO, i n  numerous c o u n t r i e s  t o  v a r i o u s  problems.  
These a p p l i c a t i o n s  o f  s y s t e m s  a n a l y s i s  h a v e  l e d  t o  c o n c r e t e  p ro-  
gram o r  p r o j e c t  p r o p o s a l s  u s e f u l  i n  t h e  p a r t i c u l a r  s i t u a t i o n s ,  
a s  w e l l  a s  t o  improved p l a n n i n g  o r  management c a p a b i l i t y  b o t h  
among n a t i o n a l s  and WHO s t a f f  members. 



The p u r p o s e  of  t h i s  p a p e r  i s  b r o a d l y  t o  o u t l i n e  t h e  s y s t e m s  
a p p r o a c h  deve loped  by WHO and t o  r e v i e w  t h e  a p p l i c a t i o n s  of  s y s -  
t e m s  a n a l y s i s  i n  WHO'S m a n a g e r i a l  a s s i s t a n c e  t o  c o u n t r i e s .  Fur- 
t h e r m o r e ,  some e x p e r i m e n t a l  a p p l i c a t i o n s  of  s y s t e m s  a n a l y s i s ,  
which a r e  c u r r e n t l y  b e i n g  made i n  WHO t o  enhance  t h e  sys tems  
approach  w i l l  b r i e f l y  b e  d i s c u s s e d .  

Al though t h i s  p a p e r  c o v e r s  a  g r e a t  many of  t h e  a p p l i c a t i o n s  
o f  s y s t e m s  a n a l y s i s  i n  WHO'S a c t i v i t i e s ,  it c a n n o t ,  o b v i o u s l y ,  
p r e s e n t  a  comprehens ive  rev iew.  V a r i o u s  o t h e r  a p p l i c a t i o n s  of  
s y s t e m s  a n a l y s i s  a r e  b e i n g  a p p l i e d  w i t h i n  b o t h  s u b s t a n t i v e  p ro-  
gram a r e a s  o f  WHO, such  a s  e n v i r o n m e n t a l  h e a l t h ,  f a m i l y  h e a l t h ,  
e t c . ,  and  i t s  s u p p o r t  a c t i v i t i e s ,  s u c h  a s  h e a l t h  s t a t i s t i c a l  
methodology.  The s c o p e  o f  t h i s  paper  i s  l i m i t e d  t o  t h o s e  a p p l i -  
c a t i o n s  o f  sys tems  a n a l y s i s  which,  a s  IIASA d e f i n e s  it, a r e  
" d e s i g n e d  t o  h e l p  d e c i s i o n  makers  c h o o s e  d e s i r a b l e  c o u r s e s  o f  
a c t i o n " .  

WHO'S SYSTEMS APPROACH TO HEALTH PLANNING AND MANAGEMENT 

I f  sys tems  a n a l y s i s  i s  n o t  mere ly  a  s y s t e m a t i c  p r o c e d u r e  
f o r  making c h o i c e s ,  b u t  a  body o f  c o n c e p t s ,  methods and t e c h -  
n i q u e s ,  t h e n  it may b e  asked  i n  what r e s p e c t s  t h e  s y s t e m s  ap- 
p r o a c h  evo lved  i n  WHO e x e m p l i f i e s  t h e  a p p l i c a t i o n  o f  sys tems  
a n a l y s i s  t o  h e a l t h  p l a n n i n g  and management. I n  o r d e r  t o  answer  
t h i s  q u e s t i o n ,  I s h a l l  b r i e f l y  r e v i e w  t h e  major  a t t r i b u t e s ,  con- 
c e p t s  and p r o c e d u r e s  f o r  h e a l t h  p l a n n i n g  and management promoted 
by WHO. 

The major attributes of t h e  s y s t e m s  a p p r o a c h  t o  h e a l t h  p l a n -  
n i n g  and management, a s  deve loped  i n  WHO, a r e  t h e  f o l l o w i n g :  

- The h e a l t h  s e c t o r  i s  p e r c e i v e d  a s  a  sys tem,  i .e . ,  i t s  
i n t e r n a l  o r g a n i z a t i o n  and p r o c e s s e s  a r e  p e r c e i v e d  a s  
sys tem e l e m e n t s ;  i t s  r e l a t i o n s h i p s  w i t h  t h e  l a r g e r  
s o c i a l  s y s t e m  a r e  d e f i n e d  and i t s  i n t e r r e l a t i o n s h i p s  
w i t h  o t h e r  s e c t o r s  a r e  viewed a s  i n t e r a c t i o n s  among 
subsys tems  o f  s o c i e t y ;  

- H e a l t h  i s  s e e n  a s  a  v a r i a b l e  s u b j e c t  t o  m u l t i p l e - c a u s a -  
t i o n ;  i n  consequence ,  h e a l t h  p l a n n i n g  and management r e -  
q u i r e s  a n  i n t e r d i s c i p l i n a r y  approach ;  

- T h i s  i n t e r d i s c i p l i n a r y  a p p r o a c h  t o  h e a l t h  p l a n n i n g  and 
management h a s  been p r o c e d u r i z e d ,  i . e . ,  broken down, i n t o  
a  s e r i e s  o f  s t e p s ,  e a c h  c o n t a i n i n g  a  number o f  s u b - s t e p s  
t h a t  l e a d  l o g i c a l l y  from a  f e l t  need o r  a  d i s c e r n e d  
o p p o r t u n i t y  f o r  a  p lanned  change i n  a  h e a l t h  s y s t e m  t o  
t h e  p r e p a r a t i o n  o f  a  program and/or  p r o j e c t  p r o p o s a l ,  
t h e  implementa t ion  o f  which would accompl i sh  t h a t  change ;  

- The e n t i r e  p r o c e s s  i s  conce ived  a s  an  i t e r a t i v e  one:  
p r o c e s s i n g  p r o g r e s s i v e l y  t h r o u g h  t h e  s t e p s ,  p l a n n e r s  
and d e c i s i o n  makers  w i l l  need t o  l o o p  back t o  e a r l i e r  



s t e p s  i n  o r d e r  t o  r e c o n s i d e r  e a r l i e r  assumpt ions  and /or  
d e c i s i o n s ,  on t h e  b a s i s  of  new i n f o r m a t i o n  e n t e r i n g  t h e  
planning/management p r o c e s s ;  

- The p r o c e d u r e s  f o r  h e a l t h  planning/management employ 
s u c h  t e c h n i q u e s  a s  m a t r i x  a n a l y s i s ,  i n p u t - o u t p u t  a n a l y -  
sis, s c h e d u l i n g  ( f o r  example,  GANTT and PERT), l i n e a r  
programming, d u a l  programming o r  shadow p r i c i n g ,  c o s t  
b e n e f i t / e f f e c t i v e n e s s  a n a l y s i s ,  e t c . ;  

- The sys tems  approach  deve loped  i n  WHO i n c o r p o r a t e s  v a r -  
i o u s  models  of  h e a l t h / d i s e a s e  problems,  h e a l t h  s e r v i c e s  
demand and u t i l i z a t i o n ,  e t c . ,  some o f  which c a n  b e  g i v e n  
p a r a m e t e r s  f o r  computer u s e .  ( I  s h a l l  expand on t h i s  
a t t r i b u t e  l a t e r  i n  r e v i e w i n g  some e x p e r i m e n t a l  a p p l i c a -  
t i o n s  o f  sys tems  a n a l y s i s  i n  WHO.) 

The k e y  c o n c e p t s  i n c o r p o r a t e d  i n  t h e  sys tems  approach  t o  
h e a l t h  p l a n n i n g  and management, a s  deve loped  i n  WHO, a r e :  

- H i e r a r c h y  o f  g o a l s ;  

- Phases  o f  p l a n n i n g ,  f o r  example,  h e a l t h  p o l i c y ,  program 
and p r o j e c t  p l a n n i n g ;  

- Management by o b j e c t i v e s ;  

- Economy o f  r e s o u r c e s ;  

- " N a t i o n a l "  c h a r a c t e r  o f  h e a l t h  deve lopment ;  and 

- S e l f - l e a r n i n g  by o b j e c t i v e s .  

I n  g e n e r a l ,  t h e  a d v e n t  of  sys tems  a n a l y s i s  and t h e  d e v e l o p -  
ment of  q u a n t i t a t i v e  methods have i n c r e a s e d  t h e  demand f o r  e x p l i c -  
it and  m e t i c u l o u s l y  d e f i n e d  g o a l s .  A g o a l  i s  a  g e n e r a l  t e rm 
s i g n i f y i n g  a  d e s i r e d  end ,  which may b e  t h e  change o r  t h e  main te -  
nance o f  a  g i v e n  system.  A d e s i r e d  end o r  d i r e c t i o n  which i m -  
p l i e s  a  s p a c e  and t i m e  d imens ion ,  i s  t h e  f i r s t  a t t r i b u t e  of  a  
g o a l .  A second a t t r i b u t e  o f  a  g o a l  i s  s p e c i f i c i t y .  The t e r m  
o b j e c t i v e  commonly d e n o t e s  d e s i r e d  ends  t h a t  c a n  b e  s t a t e d  more 
s p e c i f i c a l l y  t h a n  g o a l s  and t h a t  c o n t r i b u t e  t o  b road  g o a l s .  A 
q u a n t i f i e d  e x p r e s s i o n  of  a  g o a l  o r  o b j e c t i v e  i s  a  t a r g e t .  Mea- 
s u r a b i l i t y  i s  t h u s  t h e  t h i r d  a t t r i b u t e  o f  g o a l s .  I n  t h e  l i t e r a -  
t u r e ,  t h e  t e r m s  g o a l s ,  o b j e c t i v e s  and t a r g e t s  a r e  o f t e n  used  
i n t e r c h a n g e a b l y  a n d ,  u n f o r t u n a t e l y ,  i n c o n s i s t e n t l y .  I n  a d d i t i o n  
t o  h a v i n g  t h e  a t t r i b u t e s  o f  s p e c i f i c i t y ,  d i r e c t i o n a l i t y  and mea- 
s u r a b i l i t y ,  g o a l s  s h o u l d  be s t r u c t u r e d  i n  a  h i e r a r c h y .  I n  t h i s  
way, u n w r i t t e n  v a l u e s  and norms may form t h e  peak o f  t h e  pyramid. 
S o c i e t y ' s  a s p i r a t i o n s  may b e  s t a t e d  a s  g o a l s ,  w h i l e  government 
o b j e c t i v e s  c a n  b e  i d e n t i f i e d  a s  s p e c i f i c  i n t e n t s  and d i r e c t i o n s  
f o r  a c t i o n .  For  e a c h  v a l u e ,  t h e r e  may b e  many g o a l s  and f o r  each  
g o a l ,  s e v e r a l  o b j e c t i v e s :  t h e  whole may b e  r e f e r r e d  t o  a s  t h e  
h i e r a r c h y  o f  g o a l s .  Adoption of  t h i s  c o n c e p t  a l l o w s  b o t h  s p e c i f i c  
i t y  and  d i r e c t i o n a l i t y  t o  b e  i n c o r p o r a t e d  a t  any  o b j e c t i v e  l e v e l .  



More i m p o r t a n t l y ,  t h e  m e a s u r a b i l i t y  of  t h e  whole h i e r a r c h y  i s  
improved s i n c e  o b j e c t i v e s  a r e  t o  be d e f i n e d  i n  s t r i c t l y  measurable 
te rms .  Within each t i e r  of  t h e  h i e r a r c h y ,  t h e  g o a l s  o r  ob jec-  
t i v e s  may be  weighted accord ing  t o  t h e  r e l a t i v e  p r i o r i t y  d e r i v e d  
from h i g h e r  l e v e l  v a l u e s  and norms. The r e s u l t  i s  a  c l e a r  s t a t e -  
ment which may be  used d i r e c t l y  i n  p l ann ing  methodologies .  

On t h e  b a s i s  of  a  h i e r a r c h y  of g o a l s ,  p lanning  emerges a s  
a  p roces s  c o n t a i n i n g  t h r e e  l o g i c a l  y e t  i n t e r r e l a t e d  phases:  
p o l i c y ,  program and p r o j e c t  p l ann ing .  

- H e a l t h  p o l i c y  p l a n n i n g  c o n s i s t s  p r i m a r i l y  i n  developing  
long- and medium-term g o a l s  and parameters .  From a  
c o n s i d e r a t i o n  of a l t e r n a t i v e  s t a t e s  of f u t u r e  h e a l t h  
development i n  a  s o c i e t y ,  and t a k i n g  i n t o  account  t h e  
l i m i t a t i o n s  i n  te rms  of f i n a n c i a l  and implementat ion 
c a p a c i t y ,  a  h e a l t h  p o l i c y  p lanning  p roces s  produces  
r e g u l a t i n g  p r i n c i p l e s  f o r a h e a l t h  system, seen  a s  p a r t  
of a  dynamic s o c i a l  system. These r e g u l a t i n g  p r i n c i p l e s  
a t t empt  t o  opt imize  t h e  outcome of many c o n f l i c t i n g  fac-  
t o r s  w i thou t  wrecking t h e  h e a l t h  system o r  i t s  broader  
s o c i a l  framework i n  t h e  p roces s .  The outcome of a  
h e a l t h  p o l i c y  p lanning  p r o c e s s ,  t h a t  i s  a  p o l i c y  p l a n ,  
p rov ides  t h e  premises  and assumptions f o r  h e a l t h  program 
p lann ing .  

- H e a l t h  program pZanning i s  t h a t  p a r t  of t h e  p lanning  pro-  
c e s s  which aims a t  s e l e c t i n g  among a l t e r n a t i v e  h e a l t h  
s t r a t e g i e s  t h o s e  t h a t  can achieve  medium-term o r  s t r a t e -  
g i c  o b j e c t i v e s ,  c o n s i s t e n t  w i t h  t h e  v a l u e s  and.norms of  
s o c i e t y  and,  i n  c a s e  a  p o l i c y  p l a n  e x i s t s ,  w i t h  t h e  over-  
a l l  development and h e a l t h  g o a l s  of t h e  s o c i e t y  a s  ex- 
p re s sed  i n  t h a t  p l an .  Heal th  s t r a t e g i e s  can be d e f i n e d  
a s  c o u r s e s  o f  a c t i o n  s p e c i f y i n g  a  s e l e c t e d  mix of t ech -  
nology and r e s o u r c e s  which a l l ow t h e  achievement of one 
o r  more s t r a t e g i c  o b j e c t i v e s .  An a n a l y s i s  of t h e  f e a s i -  
b i l i t y  of t h e s e  a l t e r n a t i v e  c o u r s e s  of a c t i o n  would t h e n  
a l l ow t h e  p l a n n e r s  t o  de t e rmine  t h o s e  t h a t  a r e  compati- 
b l e  w i th  t h e  o v e r a l l  development o b j e c t i v e s  of a  s o c i e t y .  
The s e l e c t i o n  o f  f e a s i b l e  h e a l t h  s t r a t e g i e s  a l l ows  t h e  
s t r u c t u r i n g  of  h e a l t h  programs. A h e a l t h  program is  a  
schedule  of s e r v i c e  and development a c t i v i t i e s  r e q u i r i n g  
p h y s i c a l ,  human and f i n a n c i a l  r e s o u r c e s  f o r  t h e  imple- 
menta t ion  of a  h e a l t h  s t r a t e g y .  Heal th  program planning  
i s  t h e r e f o r e  p r i m a r i l y  t h e  p r o c e s s  of choos ing  between 
a l t e r n a t i v e  h e a l t h  s t r a t e g i e s ,  and fo rmula t ing  them i n  
one o r  more h e a l t h  programs, which might i d e n t i f y  devel -  
opment p r o j e c t s  r e q u i r i n g  f u r t h e r  d e t a i l e d  p lanning .  

- H e a l t h  p r o j e c t  p l a n n i n g  i s  more s p e c i f i c  and l o c a l i z e d  
t h a n  h e a l t h  program p lann ing .  I t  i s  c l o s e s t  t o  imple- 
menta t ion  and t h u s  focuses  on t h e  s p e c i f i c a t i o n  of  imple- 
menta t ion  o b j e c t i v e s ,  implementat ion a c t i v i t i e s ,  a  sched- 
u l e  f o r  such a c t i v i t i e s  and a  d e t a i l e d  d e s i g n  and format  
f o r  implementat ion.  Implementat ion o b j e c t i v e s  a r e  t h e  



d e s i r e d  outcomes of t h e  implementa t ion .  Of t en  t h e y  a r e  
a n  o p e r a t i o n a l  c a p a c i t y  which needs  t o  be  b u i l t  up ( f o r  
example, a d d i t i o n a l  t r a i n i n g  of manpower, c o n s t r u c t i o n  
of  new f a c i l i t i e s ,  e tc . )  i n  o r d e r  t o  produce t h e  s e r v i c e s  
c o n s i d e r e d  nece s sa ry  f o r  t h e  ach ievement  o f  t h e  s t r a t e g i c  
o b j e c t i v e s .  Implementat ion a c t i v i t i e s  a r e  t h e  s p e c i f i c  
d e t a i l e d  work t h a t  needs  t o  b e  performed f o r  t h e  ach i eve -  
ment o f  t h e  implementa t ion  o b j e c t i v e s .  The sequenc ing  
and e s t i m a t i o n  of t h e  d u r a t i o n  of  e ach  implementa t ion  
a c t i v i t y  is  nece s sa ry  t o  o b t a i n  a n  implementa t ion  sched-  
u l e .  The d e ~ i l e d  d e s i g n  f o r  implementa t ion  i s  t h e n  
completed w i t h  a n  e s t i m a t i o n  of  t h e  r e s o u r c e  r equ i r emen t s  
and t h e  s e l e c t i o n  of  a n  implementa t ion  fo rma t .  Imple- 
men t a t i on  fo rma t s  c a n  v a r y  from making u s e  of  t h e  o r g a n i -  
z a t i o n  s t r u c t u r e  o f  a n  e x i s t i n g  i n s t i t u t i o n  f o r  imple- 
men t a t i on  t o  e s t a b l i s h i n g  a  new a d d i t i o n a l  o r g a n i z a t i o n a l  
e n t i t y  t h a t  a l o n e  i s  r e s p o n s i b l e  f o r  a c h i e v i n g  t h e  ob- 
j e c t i v e s  and unde r t ak ing  a l l  implementa t ion  a c t i v i t i e s .  
Between t h e s e  two ex t remes  t h e r e  i s  a n  o r g a n i z a t i o n a l  
f o rma t  c a l l e d  t h e  h e a l t h  development  p r o j e c t  which c a n  
b e  d e f i n e d  a s  a  temporary i n t e n s i v e  e f f o r t  t o  set up  and 
p u t  i n t o  o p e r a t i o n  a  new o r  r e v i s e d  program t h a t  w i l l  
r e s u l t  i n  t h e  r e d u c t i o n  o f  s p e c i f i c  h e a l t h  and /or  h e a l t h -  
r e l a t e d  problems.  T h i s  i n t e n s i v e  e f f o r t  t a k e s  t h e  form 
of a  coo rd ina t ed  set of  a c t i v i t i e s  w i t h  we l l - de f i ned  ob- 
j e c t i v e s  and t a r g e t  d a t e s  f o r  t h e i r  achievement .  Once 
t h e  implementa t ion  o b j e c t i v e s  have  been ach i eved ,  t h a t  i s ,  
once  t h e  o p e r a t i o n a l  c a p a c i t y  i s  set  up ,  t h e  p r o j e c t  d i s -  
bands ,  l e a v i n g  t h e  program o r  s e r v i c e  t o  o p e r a t e  on i t s  
own. 

These t h r e e  phase s  o f  h e a l t h  p l ann ing  which a r e  a  v e h i c l e  
f o r  accompl i sh ing  change i n  a  h e a l t h  sys tem,  c an  i n  t h e i r  
t u r n  be  cons ide r ed  a s  a  sys tem i n  which feedback  i n t e r -  
a c t i o n  e x i s t s  between each  phase .  Each phase  of h e a l t h  
p l ann ing  works th rough  in te rmeshed  feedback  l o o p s ,  one  
r e a c h i n g  upward and one  r e a c h i n g  downward, s o  t h a t  phase s  
o f  p l a n n i n g  d o  n o t  o n l y  t ouch  each  o t h e r  b u t  a l s o  s h a r e  
feedback  l oops  w i t h  a d j a c e n t  phase s .  

WHO'S approach  t o  h e a l t h  p l ann ing  and management, which I 
have o u t l i n e d ,  i s  d i r e c t e d  t o  outcomes,  p r o d u c t s  o r  r e s u l t s .  
T h i s  may o r  may n o t  b e  adequa t e ly  d e s c r i b e d  a s  management by ob- 
j e c t i v e s .  Key s t e p s  i n  t h e  e n t i r e  p r o c e s s  a r e ,  however, t o  de- 
f i n e  p o l i c y ,  s t r a t e g i c  and o p e r a t i o n a l  o b j e c t i v e s  and t a r g e t s .  
Such a n  e x p l i c a t i o n  of o b j e c t i v e s  p r o v i d e s  t h e  c r i t e r i a  f o r  c a r r y -  
i n g  o u t  e v a l u a t i o n  of  v a r i o u s  r e s u l t s  a t  v a r i o u s  s t a g e s  i n  t h e  
implementa t ion  of  programs and p r o j e c t s .  

Another  key concep t  i s  economy of r e s o u r c e s .  Indeed ,  n o t  
o n l y  t h e  d e f i n i t i o n  o f  o b j e c t i v e s  a t  v a r i o u s  l e v e l s ,  b u t  a l s o  an  
a n a l y s i s  of  t h e  o b s t a c l e s  o r  c o n s t r a i n t s ,  and t h e  o p t i m i z a t i o n ,  
o r  s e l e c t i o n  o f  t h e  most c o s t - e f f e c t i v e ,  c o u r s e s  o f  a c t i o n ,  i s  
of  c r u c i a l  impor tance  i n  t h e  sys tems  approach promoted by WHO. 



I n  t h i s  e n t i r e  p r o c e s s  o f  d e f i n i n g  h i e r a r c h y  o f  g o a l s ,  p lan-  
n ing  i n  phase s ,  managing by o b j e c t i v e s  and economizing on re- 
s o u r c e s ,  WHO h a s  g iven  h igh  prominence t o  t h e  n a t i o n a l  c h a r a c t e r  
o f  h e a l t h  d e v e l o p m e n t .  The u l t i m a t e  aim o f  WHO'S a c t i v i t i e s  on 
h e a l t h  p l ann ing  and management is t o  deve lop  t h e  c a p a c i t i e s  w i t h -  
i n  c o u n t r i e s  t o  c l a r i f y  f o r  themse lves  t h e  r e a s o n s  f o r  t h e i r  own 
h e a l t h  underdevelopment  and t o  d e c i d e  t hemse lve s ,  th rough  a  pro-  
c e s s  t h a t  i s  b o t h  r a t i o n a l  and consonant  w i t h  t h e i r  own c u l t u r e ,  
on  t h e  most a p p r o p r i a t e  p o l i c i e s ,  programs and p r o j e c t s  f o r  de-  
ve lop ing  t h e  h e a l t h  o f  a l l  t h e  peop l e .  

Complementary t o  t h i s ,  i s  t h e  concep t  of s e l f - l e a r n i n g  b y  
o b j e c t i v e s  which i s  t h e  key e lement  of t h e  approach WHO i s  adopt -  
i n g  f o r  t h e  t r a n s f e r  o f  i t s  sys tems  approach  t o  h e a l t h  p l a n n i n g  
and management. S e l f - l e a r n i n g  by o b j e c t i v e s  i s  a  concept  of t h e  
sys tems  approach  t o  e d u c a t i o n ,  whereby each  p a r t i c i p a n t  i n  a  
t e a c h i n g - l e a r n i n g  p r o c e s s  s e t s  h i s  ( h e r )  own o b j e c t i v e s  i n  t e rms  
of  c o g n i t i v e  unde r s t and ing  and a f f e c t i v e  and/or  psycho-motor be- 
h a v i o r  he/she would l i k e  t o  a c h i e v e .  These e d u c a t i o n a l  o b j e c -  
t i v e s  a r e  t h e n  used  t o  e v a l u a t e  performance and f u r t h e r  enhance 
t h e  t e a c h i n g - l e a r n i n g  p r o c e s s .  

To d a t e ,  WHO h a s  deve loped  p rocedu re s  f o r  t h e  f o r m u l a t i n g  
and implementa t ion  of  h e a l t h  p r o j e c t s  (Ba inb r idge  and S a p i r i e ,  
1974 ) .  Working g u i d e l i n e s  have a l s o  been p r epa red  f o r  c o u n t r y  
h e a l t h  programming. These g u i d e l i n e s  have f u r t h e r  been e x p l i -  
c a t e d  i n t o  p rocedu re s  f o r  h e a l t h  program p l ann ing  and p r o j e c t  s e -  
l e c t i o n  (Deboeck and P i o t ,  1975 ) .  No fo rma l  s e t  of p rocedu re s  
ha s  y e t  been deve loped  f o r  h e a l t h  p o l i c y  f o r m u l a t i o n .  However, 
such  development  i s  mentioned i n  t h e  c u r r e n t  d r a f t  of t h e  S i x t h  
Genera l  Program of Work of  WHO f o r  t h e  p e r i o d  1978-83, which i s  
b e i n g  p r epa red  by t h e  Execu t i ve  Board f o r  p r e s e n t a t i o n  t o  t h e  
29 th  World H e a l t h  Assembly i n  1976. An o u t l i n e  o f  t h e  major  
s t e p s  i n  t h e  e x i s t i n g  s e t  of p rocedu re s  i s  g i v e n  below. 

The m a j o r  s t e p s  o f  h e a l t h  program p l a n n i n g  and p r o j e c t  s e -  
l e c t i o n  a r e  ( s e e  F i g u r e  1 ) :  

- C o l l e c t i o n  and a n a l y s i s  o f  i n f o r m a t i o n ;  

- D e f i n i t i o n  and s e l e c t i o n  of p r i o r i t y  h e a l t h  problems i n  
t h e  o v e r a l l  socio-economic development  c o n t e x t  o f  a  
c o u n t r y ;  

- S e t t i n g  medium-term s t r a t e g i c  h e a l t h  o b j e c t i v e s ;  

- Formation of a l t e r n a t i v e  h e a l t h  s t r a t e g i e s  o r  c o u r s e s  o f  
a c t i o n  by s p e c i f y i n g  a c t i v i t i e s ,  r e s o u r c e  and o rgan i za -  
t i o n  r equ i r emen t s  f o r  t h e  a t t a i n m e n t  of t h e  s e l e c t e d  
o b j e c t i v e s ;  

- T e s t i n g  t h e  t e c h n i c a l ,  i n s t i t u t i o n a l  and f i n a n c i a l  f e a -  
s i b i l i t y  o f  t h e  a l t e r n a t i v e  h e a l t h  s t r a t e g i e s ;  

- Formula t ion  o f  h e a l t h  programs and s e l e c t i o n  of  h e a l t h  
development  p r o j e c t s ,  i n c l u d i n g  t h e i r  economic, s o c i a l  
and p o l i t i c a l  a p p r a i s a l .  



COLLECTION 
AND ANALYSIS 

SELECTION OF 
PRIORITY HEALTH 

PROBLEMS 

SETTING OF 
STRATEGIC 
OBJECTIVES 

ALTERNATIVE 

HEALTH 
STRATEGIES 

FEASIBILITY 
ANALYSIS OF 

ALTERNATIVE 
HEALTH 

STRATEGIES 

FORMULATION OF 
HEALTH PRO- 
GRAMS AND 

SELECTION OF 
DEVELOPMENT 

I PROJECTS I 

Figure 1. Major steps in health program planning. 



The main steps of project formuZation (see F i g u r e  2)  and 
i t s  r a t i o n a l e  can b e  summarized a s  f o l l ows :*  A c h a r t e r i n g  e n t i t y ,  
c u s t o m a r i l y  a t  h i g h  governmenta l  l e v e l ,  o r g a n i z e s  a  f o r m u l a t i o n  
team and p r o v i d e s  i t s  t e r m s  o f  r e f e r e n c e ,  i n c l u d i n g  t ime  f r ames ,  
expec t ed  p r o d u c t s ,  r e s o u r c e  and problem pa rame te r s ,  and a u t h o r i -  
z a t i o n s  n e c e s s a r y  f o r  t h e  accomplishment of i t s  work. The f o r -  
mu la t i on  team p l a n s  i t s  s chedu l e  and work methods and a r r a n g e s  
t o  o b t a i n  needed d a t a  i n  t h e  c o u r s e  of s t e p  1 .  S i t u a t i o n  ana ly -  
s i s ,  s t e p s  2  and 3 ,  may be  accomplished s e q u e n t i a l l y  o r  i n  par -  
a l l e l ,  b o t h  b e i n g  concerned w i t h  t h e  c o l l e c t i o n  and o r g a n i z a t i o n  
of  d a t a  on s p e c i f i c  s u b j e c t s ,  t h e  d i f f e r e n c e  between t h e  s t e p s  
be ing  i n  t h e  n a t u r e  o f  t h e  d a t a ,  whether  t h e y  a r e  d e s c r i p t i v e  of 
t h e  community s i t u a t i o n  o r  d e s c r i p t i v e  o f  t h e  o r g a n i z a t i o n ,  po l -  
i c i e s ,  programs,  p rocedu re s ,  r e s o u r c e s  and a p p l i e d  technology  
t h a t  c o n s t i t u t e  t h e  s o c i a l  r e sponse  t o  t h a t  s i t u a t i o n .  From 
t h e s e  d a t a ,  t h e  p rocedu re s  i n  s t e p  4 l e a d  t o  a  d e f i n i t i o n  of  
p rob l em(s )  and a  f u t u r e  p r o j e c t i o n  o f  t h e  s i t u a t i o n ,  on  t h e  a s -  
sumption t h a t  e x i s t i n g  t r e n d s  would c o n t i n u e  w i t h o u t  changes  i n  
t h e  r e l e v a n t  sys tems  and t h e i r  p o l i c i e s .  S t e p  5 c o n s i s t s  e s s en -  
t i a l l y  i n  d e f i n i n g  immediate o b j e c t i v e s  and t r a n s l a t i n g  t h e s e  
i n t o  t h e  t y p e s  and amount o f  s e r v i c e s  ( o p e r a t i o n a l  t a r g e t s )  t h a t  
would have t o  be  prov ided  a t  v a r i o u s  f u t u r e  t i m e s  i n  o r d e r  t o  
r e a c h  t h e  o b j e c t i v e s .  Be fo re  moving on t o  d e f i n e  s t r a t e g i e s ,  
s t e p  6 c a l l s  f o r  t h e  i d e n t i f i c a t i o n ,  a n a l y s i s  and r a n k i n g  of  
d e f i c i e n c i e s  i n  t h e  h e a l t h  and s u p p o r t i n g  sys tems  and t h e  o b s t a -  
c l e s  t o  b e  overcome i n  r e p a i r i n g  t h e s e  d e f i c i e n c i e s .  The key 
sub - s t eps  i n  d e s i g n i n g  s t r a t e g i e s  ( s t e p  7 )  a r e  t o  make t h e  c r i -  
t e r i a  f o r  s t r a t e g y  d e s i g n  e x p l i c i t ,  t o  o u t l i n e  and s e l e c t  f e a -  
s i b l e  s t r a t e g i e s ,  t o  a s s e s s  t h e i r  i m p l i c a t i o n s  i n  c o s t s  and re- 
s o u r c e  r equ i r emen t s  and t o  r e v i s e  e i t h e r  o r  b o t h  t h e  t a r g e t s  and 
t h e  s t r a t e g i e s  under  c o n s i d e r a t i o n  i n  t h e  l i g h t  o f  t h e  a s s e s s -  
ment. From t h i s  p o i n t ,  t h e  p r o c e s s  moves t o  d e f i n i n g  t h e  pro-  
j e c t  ( s t e p  8 )  i t s  o b j e c t i v e s ,  a c t i v i t i e s ,  expec ted  outcomes,  
s c h e d u l e s  and implementa t ion  approaches ,  and r e q u i r e d  r e s o u r c e s  
aimed a t  improving t h e  c a p a b i l i t y  o f  t h e  h e a l t h  system t o  r e a c h  
t h e  o b j e c t i v e s  o f  r educ ing  t h e  i d e n t i f i e d  problems.  I n  t h e  f i n a l  
s t e p  ( s t e p  9 )  t h e  p r o d u c t s  o f  e a r l i e r  s t e p s  a r e  r e a s s e s s e d ,  syn- 
t h e s i z e d  and documented i n  t h e  form of  a  p r o j e c t  p r o p o s a l .  

*One key assumpt ion  u n d e r l i e s  t h e  p r o j e c t  f o r m u l a t i o n  p rocedu re s  
a s  t h e y  a r e  c u r r e n t l y  p r e s e n t e d  i n  Health Project Management. 
The assumpt ion  i s  t h a t  i f  t h e  n a t i o n a l  s e t t i n g  i s  one i n  which 
n e i t h e r  d e t a i l e d  p o l i c y  f o r m u l a t i o n  nor  h e a l t h  program p l a n n i n g  
ha s  t a k e n  p l a c e ,  t h e  e a r l y  s t e p s  o f  t h e  method a r e  s o  de s igned  
a s  t o  e n a b l e  t h e  f o r m u l a t o r s  (and d e c i s i o n  makers)  t o  f i l l  
t h e s e  gaps .  The i m p l i c a t i o n s  o f  t h e  assumpt ion  a r e  two-fold:  
( 1 )  I n  s i t u a t i o n s  where such  p l ann ing  h a s  not t aken  p l a c e ,  t h e  
f o r m u l a t i o n  p rocedu re s  p rov ide  u s e f u l  gu idance  and suppo r t  t o  
such  p l ann ing  a s  part of p r o j e c t  f o rmu la t i on .  ( 2 )  I n  s i t u a -  
t i o n s  i n  which such  h i g h e r - l e v e l  p l ann ing  has t aken  p l a c e ,  t h e  
a n a l y t i c a l  and g e n e r a l  d e s i g n  s t e p s  would be  c o n s i d e r a b l y  s h o r t -  
ened,  and more focused  and s p e c i f i c  i n  c o n t e n t  t h a n  t h e  proce-  
d u r e s  now i n d i c a t e .  
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The procedures for project implementation ( s e e  F igu re  3 )  
a r e  based on t h e  assumption t h a t  t h e  p r o j e c t  ha s  been,  o r  w i l l  
be ,  approved,  b u t  t h a t ,  d u r i n g  o r  a f t e r  t h e  d e c i s i o n  p r o c e s s ,  
changes--whether of t ime ,  r e s o u r c e  f a c t o r s  o r  sequence--wil l  
r e q u i r e  ad jus tments  t o  t h e  p r o j e c t  p l an .  Such ad jus tmen t s ,  a long  
w i t h  t h e  s e l e c t i o n  of  key pe r sonne l ,  making o f  necessary  agree-  
ments and approval  o f  sho r t - t e rm budgets  c o n s t i t u t e  t h e  p r o j e c t  
i n i t i a t i o n ,  s t e p  10. P r i o r  t o  s e t t l i n g  an  o r g a n i z a t i o n ,  s t e p  12 ,  
and o b t a i n i n g  a  f u l l  complement of  r e s o u r c e s ,  s t e p  13,  t h e  imple- 
men ta t i on  s c e n a r i o  c a l l s ,  i n  s t e p  11,  f o r  d e t a i l e d  and s p e c i f i c  
a n a l y s i s  o f  t h e  work t o  b e  done,  t h e  r e l a t i o n s h i p  of  t h e  r o l e s  
under taken  by t h e  people  who a r e  t o  c a r r y  it o u t ,  and a  d e f i n i -  
t i v e  schedule  based on work a n a l y s i s .  A s  t h e s e  t h r e e  l a t t e r  
s t e p s  a r e  be ing  accomplished,  t h e  p r o j e c t ' s  c o n t r o l  system can  
a l s o  be  des igned  and p u t  i n t o  e f f e c t ,  s t e p  14. Con t ro l l ed  exe- 
c u t i o n  of p r o j e c t  a c t i v i t i e s  f o l l o w s ,  s t e p  15,  w i th  prompt iden-  
t i f i c a t i o n  of  h i t c h e s ,  t h e  t a k i n g  of  a c t i o n  t o  remedy d e v i a t i o n s  
by a d j u s t i n g  r e s o u r c e s ,  methods and schedu le s  and p r o v i s i o n  f o r  
neces sa ry  communications. The f i n a l  procedures  s p e c i f i e d ,  a t  
s t e p  16, p e r t a i n  t o  t h e  t e r m i n a t i o n  o f  t h e  p r o j e c t ,  i n c l u d i n g  
s p e c i f i c a t i o n  o f  r e s p o n s i b i l i t i e s  f o r  f u t u r e  a c t i o n  by t h o s e  i n  
t h e  ongoing o r g a n i z a t i o n .  

APPLICATIONS OF SYSTEMS ANALYSIS I N  WHO MANAGERIAL ASSISTANCE 

TO COUNTRIES 

I n  t h e  e a r l y  s e v e n t i e s ,  WHO concen t r a t ed  on t h e  a n a l y s i s  o f  
e x i s t i n g  h e a l t h  p r o j e c t s  i n  c o u n t r i e s .  An in-depth  review of  WHO 
p r o j e c t  expe r i ence  i n d i c a t e d  t h a t  t h e  primary f a c t o r  c o n t r i b u t i n g  
t o  t h e  , success  o f  a  p r o j e c t  was t h e  e x i s t e n c e  of  a  well-planned 
national unde r t ak ing .  Th i s  was cons ide red  s o  s i g n i f i c a n t  t h a t  
t h e  h i g h e s t  p r i o r i t y  was g iven  t o  t h e  r e a l i z a t i o n  of  improved pro- 
j e c t  fo rmula t ion  t echn iques  i n  t h e  form of  a  s e t  of procedures  
s u i t a b l e  f o r  u se ,  f i r s t ,  by n a t i o n a l  h e a l t h  a d m i n i s t r a t o r s .  I n  
t h e  c o u r s e  of rev iewing  p r o j e c t  expe r i ence ,  WHO a t tempted  t o  iden- 
t i f y  t h e  c h a r a c t e r i s t i c s  of a  well-planned p r o j e c t .  Procedures  
were t hen  developed and t e s t e d  t h a t  were f e l t  t o  be  capab le  o f  r e -  
producing  t h e s e  c h a r a c t e r i s t i c s .  

S ince  1970, t h e  p r o j e c t  fo rmula t ion  procedures  have been 
fo rma l ly  a p p l i e d  i n  a  number o f  c o u n t r i e s ,  a s  shown i n  Tab le  1 .  

The e s sence  o f  t h e  approach adopted f o r  a p p l i c a t i o n  has  been 
t o  deve lop  and t e s t  s u c c e s s i v e l y  r e f i n e d  v e r s i o n s  of  t h e  p r o j e c t  
fo rmula t ion  procedures  i n  a c t u a l  p r o j e c t  p lanning  s i t u a t i o n s ,  
c h a r t e r e d  by t h e  n a t i o n a l  a u t h o r i t i e s  i n  v a r i o u s  c o u n t r i e s .  Each 
expe r i ence  produced a  r e a l  p roduc t  of u s e  t o  an i n t e r e s t e d  na t ion -  
a l  h e a l t h  a d m i n i s t r a t i o n .  Furthermore,  each such expe r i ence  he lp-  
ed b r i n g  t h e  procedures  c l o s e r  t o  r e a l i t y ,  and what was l ea rned  
was fed  i n t o  t h e  p rocedura l  documentat ion.  
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Table  1 .  Appl i ca t ion  of  p r o j e c t  fo rmula t ion  procedures  1970-73  

Evalua t ion  o f  t h e  a p p l i c a t i o n  of  p r o j e c t  fo rmula t ion  meth- 
odology i n  t e n  coun t ry  s i t u a t i o n s  showed t h e  need f o r ,  on t h e  
one hand, more s y s t e m a t i c  s e l e c t i o n  o f  h e a l t h  development pro- 
j e c t s  and on t h e  o t h e r  hand, b e t t e r  p r o j e c t  implementat ion.  

Development of  procedures  f o r  p r o j e c t  implementat ion was 
s t a r t e d  e a r l y  i n  1973.  A s  compared wi th  t h e  p r o j e c t  fo rmula t ion  
procedures ,  t h o s e  f o r  implementat ion a r e  p re sen ted  i n  l e s s  pre-  
s c r i p t i v e ,  more c o n d i t i o n a l  t e r m s .  P r o j e c t  implementat ion is 
indeed more cons t r a ined  and shaped by ongoing coun t ry  admin i s t r a -  
t i v e  p r a c t i c e s  and c o n d i t i o n s ,  t h a n  p r o j e c t  p lanning .  The pro- 
cedures  f o r  p r o j e c t  implementation have been t e s t e d  i n  Malaysia,  
Kenya and Thailand.  

I 

Subject 

Rural Health Services in 
Land Development Area 

National Maternal and 
Child Health Program 

Medical Care Development 
in Rizal Province 

Health Information System 
Development 

Rural Health Services in 
Land Development Area 

National Improvement of 
Rural Health Services and 
Training Program for Rural 
Health Service Staff 

Health Services Development 
in Chonburi Province and 
Establishment of Provincial 
Health Planning System 

Rural Water Supply Develop- 
ment in West Java 

Sokotu State Maternal and 
Child Health Project 

National Child Health 
Program 

Country 

1. Malaysia 

2. Costa Rica 

3. Philippines 

4. Singapore 

5. Malaysia 

6. Kenya 

7. Thailand 

8. Indonesia 

9. Nigeria 

10. Scotland 

Date of Application 

October-November 1970 

May-June 1971 

November-December 1971 

January-February 1972 

March-April 1972 

June-July 1972 

October-November 1972 

January-February 1973 

July-August 1973 

September-October 1973 



Since  h e a l t h  development p r o j e c t s  a r e  of l i m i t e d  d u r a t i o n ,  
under takings  intended t o  b u i l d  up  a  c a p a c i t y  f o r  t h e  d e l i v e r y  
of s e r v i c e s  through programs, t h e  development of sys t ema t i c  meth- 
odology f o r  p r o j e c t  s e l e c t i o n  could no t  be  sepa ra t ed  from t h e  
development of  a  methodology f o r  t h e  formula t ion  of h e a l t h  pro- 
grams. An approach s i m i l a r  t o  t h a t  d i scussed  above was adopted 
and working g u i d e l i n e s  f o r  Country Health Programming were devel-  
oped and t e s t e d  success ive ly  i n  va r ious  c o u n t r i e s ,  a s  shown i n  
Table 2. These a p p l i c a t i o n s  l ead  next  t o  t h e  development of pro- 
cedures  f o r  h e a l t h  program planning and p r o j e c t  s e l e c t i o n .  

Table 2. App l i ca t ions  of country  h e a l t h  programming 1973-75. 

A s  a  r e s u l t  of t h e  a p p l i c a t i o n  of Country Health Programming, 
h e a l t h  development p r o j e c t s  were i d e n t i f i e d  which r equ i red  d e t a i l e d  
formula t ion .  Some c o u n t r i e s  have subsequent ly  app l i ed  WHO'S pro- 
j e c t  formula t ion  procedures t o  produce t h e  r equ i red  d e t a i l e d  pro- 
j e c t  proposals .  The most r e c e n t  a p p l i c a t i o n s  of p r o j e c t  formu- 
l a t i o n  procedures a r e  summarized i n  Table 3. 

Country 

1 .  Bangladesh 

2 .  Nepal 

3.  Pakistan 

4 .  Thailand 

5 .  Sudan 

6 .  Congo 

7 .  Alger ia  

8 .  Laos 

OTHER EXPERIMENTAL APPLICATIONS OF SYSTEMS ANALYSIS I N  WHO 

Date o f  Applicat ion 

August-September 1973 

March-April 1974 

January-February 1975 

January-February 1975 

March 1975 

Apr i l  1975 

Apri l  1975 

April-May 1975 

It i s  impor tant  t o  stress t h a t  i n  a l l  of t h e  programming, 
p r o j e c t  formula t ion  and implementation e f f o r t s  d i scussed  e a r l i e r ,  
nat ionaZ p a r t i c i p a n t s  played t h e  major r o l e .  The r o l e  of WHO 
s t a f f  members suppor t ing  each of t h e s e  e f f o r t s  has  been t o  pro- 
v i d e  methodological  a s s i s t a n c e  i n  p lanning and management. Fur- 
thermore,  t h e i r  r o l e  has  been t o  f u r t h e r  develop managerial  s k i l l s  
i n  n a t i o n a l  p u b l i c  h e a l t h  a d m i n i s t r a t i o n s .  I n  o r d e r  f o r  WHO t o  
f u l f i l l  t h i s  f u n c t i o n  e f f e c t i v e l y ,  both  t h e  procedura l  documenta- 
t i o n  and t h e  workshop m a t e r i a l  prepared f o r  t r a i n i n g  have played 



Table 3 .  Appl i ca t ions  of  p r o j e c t  fo rmula t ion  i n  follow-up t o  
coun t ry  h e a l t h  program. 

Country 

1. Pakistan 

2. Thailand 

3. Nepal 

4.  Sudan 

Date of Application 

May-June 1975 

May-September 197 5 

May-September 1975 

November-December 
1975 

Outcome/Proposals 

National Population Planning 

Among others: I 
- Provincial Health Care I 
- Health Manpower Development I 
- Rural Environmental Develop- 

ment 

- Management Information System I 
Among others: 

- Health Information 

- Nutrition and Goitre 

- Water Supply and Sewerage 

- Integration of Basic Health 
Services 

- Primary Health Care, Southern 
Region 

down systems,  concepts  and jargon.  I n  o r d e r  t o  make them more 
i n t e l l i g i b l e  and reduce t h e  u s e  of u n f a m i l i a r  terminology,  t h e  
systems concepts  and techniques  I d i scussed  e a r l i e r  a r e  now em- 
bedded i n  t h e  procedures.  Management games, s imu la t ions  and t h e  
use  of  h e u r i s t i c  t echn iques  a r e  i m p l i c i t l y  inc luded i n  workshops 
and a c t u a l  a p p l i c a t i o n s .  However, a t  t h e  same t ime,  more sophis -  
t i c a t e d  a p p l i c a t i o n s  of systems a n a l y s i s  a r e  being pursued i n  WHO 
i n  o r d e r  t o  develop  f u r t h e r  procedures  and t r a i n i n g  m a t e r i a l s .  
Two examples of  such exper imenta l  a p p l i c a t i o n s ,  which a r e  r e l e v a n t  
t o  h e a l t h  p lanning  and management, a r e  t h e  development of  an  i n t e r -  
s e c t o r a l  model and of i n t e r a c t i v e  modeling c a p a b i l i t y  f o r  h e a l t h  
c a r e  systems.  



The development of an i n t e r s e c t o r a l  model on h e a l t h  and 
soc io -economic  deve lopment  was s t a r t e d  i n  WHO t o  a i d  t h e  p lanning  
p rocess ,  and i n  p a r t i c u l a r  t o  exp lo re  s imul taneous ly  t h e  i n t e r s e c -  
t o r a l  and i n t r a s e c t o r a l  a s p e c t s  o f  t h e  h e a l t h  system. This  model 
c o n s i s t s  o f  a  popula t ion  model, a  s i m p l i f i e d  economic model, some 
s e l e c t e d  s o c i a l  i n d i c a t o r s  and a h e a l t h  s e c t o r  model. The d i f f e r -  
e n t  components o f  t h e  model a r e  r ep resen ted  by s e l e c t e d  i n d i c e s  
and s t r u c t u r a l  r e l a t i o n s  between them. Some r e l a t i o n s h i p s  have 
been ob ta ined  from l i t e r a t u r e  and some from ana lyz ing  cross-na-  
t i o n a l  d a t a ;  o t h e r s  a r e  from n a t i o n a l  o r  r e g i o n a l  d a t a .  The model 
i s  aggregated  i n  scope and is  addressed  t o  t h e  development of 
b a s i c  h e a l t h  s e r v i c e s  on a r e g i o n a l  b a s i s  f o r  developing  c o u n t r i e s .  
The model can be used f o r  medium- and long-term planning  of h e a l t h  
s e r v i c e s .  I t  p rov ides  a  demographic p r o j e c t i o n  o f  a  coun t ry ,  tak-  
i n g  i n t o  account  t h e  changes i n  f e r t i l i t y  and m o r t a l i t y  r a t e s  due  
t o  changes i n  s o c i a l  and economic c o n d i t i o n s ;  on t h i s  b a s i s ,  it 
p r o j e c t s  t h e  popula t ion  t o  be served  by t h e  h e a l t h  system. I n  
a d d i t i o n ,  it r e l a t e s  t h e  growth of  r e s o u r c e s  i n  t h e  h e a l t h  system 
t o  t h e  growth of  r e sources  i n  t h e  economy. Cons iderable  work r e -  
mains t o  be done i n  o r d e r  t o  make t h e  model more f l e x i b l e  and spe- 
c i f i c .  Th i s ,  however, r e f e r s  l e s s  t o  mod i f i ca t ions  of  t h e  s t r u c -  
t u r e  of  t h e  model t han  t o  t h e  e x p l o r a t i o n  and i n c o r p o r a t i o n  of 
a d d i t i o n a l  r e l a t i o n s h i p s  between socio-economic and h e a l t h  prob- 
l e m  i n d i c a t o r s ,  between h e a l t h  o b j e c t i v e s  and i n t e r v e n t i o n s  i n  
t h e  h e a l t h  system, and r e l a t i o n s h i p s  between i n t e r v e n t i o n s  i n  t h e  
system and h e a l t h  r e source  c o n s t r a i n t s .  Furthermore,  an  approach 
has  s t i l l  t o  be devised  t o  make t h i s  model e a s i l y  a c c e s s i b l e  t o  
n a t i o n a l  p u b l i c  h e a l t h  a d m i n i s t r a t o r s  and a d a p t a b l e  t o  any p a r t i c -  
u l a r  n a t i o n a l  s i t u a t i o n .  The work on t h i s  i n t e r s e c t o r a l  model 
o f  h e a l t h  and socio-economic development i s  i n  abeyance pending 
a p o l i c y  d e c i s i o n  on modeling. 

Another exper imenta l  a p p l i c a t i o n  of systems a n a l y s i s  i n  WHO 
is  t h e  d e v e l o p m e n t  o f  an i n t e r a c t i v e  computer  m o d e l i n g  c a p a b i l i t y  
f o r  h e a l t h  c a r e  s y s t e m s .  I n i t i a l  s t e p s  towards c r e a t i n g  such a 
c a p a b i l i t y  i n  WHO have been based on Conversa t ional  Modeling 
Language (CML). CML pe rmi t s  t h e  d e f i n i t i o n  o f  i n t e r a c t i v e  com- 
p u t e r  languages which a l low mathematical  and s imula t ion  modeling 
t o  be s p l i t  i n t o  two phases.  I n  t h e  f i r s t  phase,  a  d e c i s i o n  maker 
and a CML programmer analyze  a g iven  problem and de termine  t h e  
g e n e r a l  c l a s s  of  models i n t o  which t h e  problem can  be f i t t e d .  The 
programmer t h a n  c r e a t e s  a  CML program t o  s imu la t e  t h i s  g e n e r a l  
c l a s s  of  models and extends  t h e  CML language t o  inc lude  new s t a t e -  
ments t h a t  t h e  d e c i s i o n  maker may use  t o  s p e c i f y  a  p a r t i c u l a r  
model w i t h i n  t h e  g e n e r a l  c l a s s .  I n  t h e  second phase,  t h e  d e c i s i o n  
maker, now a programmer i n  t h i s  s p e c i a l  purpose language,  can spec- 
i f y  a l t e r n a t i v e  s t r u c t u r e s  and parameters  and s imula t e  o r  o p t i -  
mize t h e  r e s u l t s  f o r  each.  I n  WHO'S f i r s t  exper imenta l  a p p l i c a -  
t i o n  of  CML, a g e n e r a l  c l a s s  of r e s o u r c e  a l l o c a t i o n  models f o r  
h e a l t h  program planning ,  c a l l e d  HPMOD, was developed. HPMOD i s  
a model p r i m a r i l y  des igned f o r  t h e  s imu la t ion  of a l t e r n a t i v e  a l -  
l o c a t i o n s  of r e s o u r c e s  and t h e i r  opt imal  a l l o c a t i o n  among h e a l t h  
programs and development p r o j e c t s .  The b a s i c  l o g i c  of t h e  model 
c o n s i d e r s  a  s e t  of h e a l t h  and h e a l t h - r e l a t e d  c o n d i t i o n s  desc r ibed  



by i n c i d e n c e  r a t e s  w i t h  r e s p e c t  t o  each of  s e v e r a l  d e s c r i b e d  
p o p u l a t i o n s .  These g i v e  r i s e  t o  d i s c r e t e  c l a s s e s  of  e l i g i b l e s  
t o  whom s e r v i c e  a c t i v i t i e s  may be  d e l i v e r e d .  S e r v i c e  a c t i v i t i e s  
u t i l i z e  e x i s t i n g  r e s o u r c e s  and might  r e q u i r e  a d d i t i o n a l  r e s o u r c e s .  
The a d d i t i o n a l  r e q u i r e d  r e s o u r c e s  abso rb  t h e  outcome of develop-  
ment a c t i v i t i e s  ( f o r  example, t r a i n i n g  o f  manpower). The s e r v i c e  
and development a c t i v i t i e s  g e n e r a t e ,  r e s p e c t i v e l y ,  r e c u r r e n t  and 
development expend i tu re s .  The e f f e c t s  of d e l i v e r i n g  s e r v i c e  
a c t i v i t i e s  on popu la t i on  growth and/or  f u t u r e  i n c i d e n c e  o f  any 
c o n d i t i o n  can  be  t aken  i n t o  account  e x p l i c i t l y .  Two s o l u t i o n  
modes a r e  a v a i l a b l e  f o r  d e a l i n g  w i t h  HMPOD. I n  s i m u l a t i o n  mode, 
t h e  u s e r  s p e c i f i e s  t h e  l e v e l  a t  which each  s e r v i c e  a c t i v i t y  and 
development a c t i v i t y  i s  t o  be  c a r r i e d  o u t .  The model computes 
t h e  consequences over  some s p e c i f i e d  t ime hor izon .  I n  t h i s  way, 
t h e  e f f e c t  on popu la t i on ,  m o r t a l i t y ,  b i r t h s ,  i n c i d e n c e  o f  any 
c o n d i t i o n ,  r e s o u r c e  consumption, f a c i l i t y  u t i l i z a t i o n  and t h e  l i k e  
can  a l l  b e  p r e d i c t e d ,  g iven  comple te  s p e c i f i c a t i o n  of  t h e  coverage  
and d i s t r i b u t i o n  among f a c i l i t i e s  of  t h e  v a r i o u s  a c t i v i t i e s  con- 
s i d e r e d  w i t h i n  t h e  model. I n  o p t i m i z a t i o n  mode, t h e  s e r v i c e  and 
develo.pment a c t i v i t i e s  a r e  l e f t  f r e e  t o  va ry .  Measures of  e f f e c -  
t i v e n e s s  can  b e  s p e c i f i e d  a s  a  f u n c t i o n  of t h e  s e r v i c e  a c t i v i t i e s  
d e l i v e r e d .  The s e l e c t i o n  of  s e r v i c e  a c t i v i t i e s  and r e s u l t a n t  
development a c t i v i t i e s  i s  mot iva ted  by t h e  o b j e c t i v e  f u n c t i o n  
based on v a l u e s  s p e c i f i e d  by t h e  u s e r  and c o n s t r a i n t s  such a s  
budge t s ,  minimum qnd maximum coverage  w i t h  h e a l t h  s e r v i c e s  t o  be  
ach i eved ,  e t c .  The model t h e n  computes a s  i n  s i m u l a t i o n  mode, 
t h e  consequences over  t i m e  o f  d e l i v e r i n g  a n  op t ima l  number o f  
h e a l t h  s e r v i c e s .  Other  expe r imen ta l  a p p l i c a t i o n s  of  systems a n a l -  
y s i s  a r e  a t  p r e s e n t  be ing  made i n  t h e  Regional  O f f i c e  of  t h e  
Americas/PAHO, which r e c e n t l y  ob t a ined  a n  i n t e r a c t i v e  conversa-  
t i o n a l  modeling c a p a b i l i t y .  I n  WHO Headquar te rs ,  f u r t h e r  e x p e r i -  
men ta t i on  w i t h  CML i s  i n  abeyance,  pending a p o l i c y  d e c i s i o n  on 
modeling. 

CONCLUSIONS 

I s h a l l  make no a t t empt  t o  a s s e s s  a t  t h i s  s t a g e  t h e  systems 
approach developed by WHO f o r  suppor t  o f  h e a l t h  p lanning  and 
management n o r s h a l l  I exp res s  my pe r sona l  o p i n i o n  about  t h e  
a p p l i c a t i o n s  of  systems a n a l y s i s  i n  WHO'S management a s s i s t a n c e  
t o  c o u n t r i e s  i n  view o f  t h e  f a c t  t h a t  such an  assessment  is con- 
t a i n e d  i n  t h e  te rms  of r e f e r e n c e  of a  WHO Expe r t  Committee on 
t h e  App l i ca t ion  of Systems Ana lys i s  t o  Heal th  Management, he ld  
i n  Geneva from 16-22 December, 1975.  Furthermore,  t h i s  Expert  
Committee was r eques t ed ,  on t h e  b a s i s  of p a s t  expe r i ence ,  t o  
" adv i se  WHO and i t s  member c o u n t r i e s  on t h e  p o s s i b l e  f r u i t f u l  
d i r e c t i o n s  f o r  t h e  f u t u r e ,  i n  r e l a t i o n  t o  whatever  p o t e n t i a l  t h e  
a p p l i c a t i o n  o f  sys tems a n a l y s i s  may have f o r  n a t i o n a l  h e a l t h  
development". 



REFERENCES AND BIBLIOGRAPHY 

Bainbridge, J., and S. Sapirie (1974), H e a l t h  P r o j e c t  Management: 
a  Manual o f  P r o c e d u r e s  f o r  F o r m u l a t i n g  and I m p l e m e n t i n g  
H e a l t h  P r o j e c t s ,  WHO Offset Series No. 12, WHO, Geneva. 

Deboeck, G., and M. Piot (1 975), H e a l t h  Programme p l a n n i n g  and Pro- 
j e c t  S e l e c t i o n ,  WHO, Geneva. 

Deboeck, G. (1 974), User  O r i e n t e d  M o d e l l i n g  f o r  H e a l t h  P l a n n i n g  
and Programming,  paper presented at the IIASA Conference on 
Systems Aspects of Health Planning, Baden, Austria, 
August 20-22. 

Ray, D., et al., Health and Socio-Economic Development: A 
Simulation Model, to be published in S o c i a l  S c i e n c e s  and 
M e d i c i n e .  

Schaefer, M. (1975), A Management Method for Planning and Imple- 
menting Health Projects, W H O  C h r o n i c l e ,  2, 18-23. 





M e t h o d o l o g i c a l  Approaches  t o  M a t h e m a t i c a l  Mode l ing  o f  

H e a l t h  C a r e  Management i n  a  L a r g e  C i t y  

V.M. T imon in  

From t h e  v i e w p o i n t  o f  c y b e r n e t i c s ,  t h e  h e a l t h  c a r e  s e r v i c e  
o f  a  l a r g e  c i t y  i s  a  complex m u l t i d i m e n s i o n a l  dynamic  a n d  p rob-  
a b i l i s t i c  s y s t e m  c o m p r i s i n g  many i n t e r c o n n e c t e d  o b j e c t s  o f  man- 
agemen t .  The main  s t r u c t u r a l  e l e m e n t  o f  t h i s  complex s y s t e m  i s  
t h e  m e d i c a l  i n s t i t u t i o n ,  e i t h e r  t h e r a p e u t i c  a n d  p r e v e n t i v e  o r  
h y g i e n i c  a n d  p r e v e n t i v e  [ 1 , 2 ] .  T h e r e  a r e  numerous  t y p e s  o f  med- 
i c a l  i n s t i t u t i o n s  c o r r e s p o n d i n g  t o  a  v a r i e t y  o f  f u n c t i o n s  ( F i g -  
u r e  1 ) .  

A  t e n t a t i v e  a n a l y s i s  o f  v a r i o u s  s t u d i e s  c a r r i e d  o u t  b o t h  
a t  home a n d  a b r o a d ,  e . g .  [ 2 , 3 , 4 ] ,  shows t h a t  u s e  o f  modern man- 
agemen t  me thods ,  e c o n o m e t r i c  m e t h o d s ,  s y s t e m s  a n a l y s i s  and  com- 
p u t e r  t e c h n o l o g y  i n  t h e  p l a n n i n g  and management o f  a c i t y  h e a l t h  
c a r e  s e r v i c e  i s  c o n s i d e r a b l y  more  d i f f i c u l t  t h a n  u s i n g  s u c h  
m e t h o d s  f o r  d i a g n o s t i c s ,  m e d i c a l  e x p e r i m e n t s ,  s o c i a l  h y g i e n e  
a n d  m e d i c a l  s t a t i s t i c s .  

T h i s  c a n  b e  p a r t l y  e x p l a i n e d  by t h e  f a c t  t h a t  management o f  
a  c i t y  h e a l t h  c a r e  s e r v i c e  e n c o u n t e r s  s u c h  d i f f i c u l t i e s  a s  h i g h  
p o p u l a t i o n  d e n s i t y ,  m i g r a t i o n  o f  p o p u l a t i o n ,  e x i s t e n c e  o f  l a r g e -  
s c a l e  i n d u s t r i e s  a n d  i n s t i t u t i o n s ,  e x i s t e n c e  o f  v a r i o u s  s p e c i a l -  
i z e d  m e d i c a l  i n s t i t u t i o n s ,  heavy  t r a f f i c ,  l a r g e  a r e a s  t o  b e  ser- 
v i c e d ,  e tc .  

From t h e  s y s t e m s  a n a l y s i s  v i e w p o i n t ,  a  c i t y  i s  a  s t r u c t u r e d  
set o f  e x t e r n a l l y - o r i e n t e d  s u b s y s t e m s ,  t h e  c i t y  p o p u l a t i o n  a n d  
l i f e - s u s t a i n i n g  s u b s y s t e m s .  

A c i t y  h e a l t h  c a r e  s e r v i c e  i s  a  complex set o f  m e d i c a l  i n -  
s t i t u t i o n s  w i t h  a  c o m p l i c a t e d  n e t w o r k  o f  i n t e r c o n n e c t i o n s  a t  t h e  
h o r i z o n t a l  l e v e l  b u t  a t  t h e  same t i m e  it i s 2  s u b s y s t e m  o f  t h e  
h i g h e r - r a n k i n g  r e g i o n a l ,  R e p u b l i c  and  Al l -Un ion  h e a l t h  c a r e  s y s -  
t e m s  ( t h e  v e r t i c a l  f u n c t i o n a l  i n t e r c o n n e c t i o n s ) .  T h i s  f a c t  
a c c o u n t s  f o r  t h e  d i v e r s i t y  and number o f  p r o b l e m s  t o  b e  s o l v e d  
a t  t h e  c i t y  l e v e l .  

! l o reove r ,  it i s  v e r y  d i f f i c u l t  t o  f o r m u l a t e  m a t h e m a t i c a l l y  
t h e  p r o b l e m s  e n c o u n t e r e d  i n  h e a l t h  c a r e  p l a n n i n g  and  management.  

Hence ,  it c a n  b e  s t a t e d  t h a t  i n  t h e  i m m e d i a t e  f u t u r e  t h $  
t a s k  i s  t o  d e v e l o p  and  a p p l y  s t a n d a r d  s y s t e m s  o f  c i t y  h e a l t h  
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c a r e .  The f i r s t  s t e p  i s  t o  d e v e l o p  s t a n d a r d  f u n c t i o n a l  m o d u l e s ,  
s u c h  a s  modu les  f o r  t h e  management o f  p a t i e n t  h o s p i t a l i z a t i o n ,  
t h e  s a n i t a r y  a n d  e p i d e m i o l o g i c a l  s e r v i c e ,  h o s p i t a l s ,  t r a n s p o r t ,  
and  m e d i c a l  and  t e c h n i c a l  c e n t e r s .  F o r  l a r g e  c i t i e s  w i t h  a  
p o p u l a t i o n  o f  a  m i l l i o n  o r  more ,  a  set  o f  i n t e r c o n n e c t e d  m o d e l s  
a n d  a l g o r i t h m s  f o r  t h e  p l a n n i n g  and  management o f  t h e  h e a l t h  
c a r e  s e r v i c e  s h o u l d  b e  d e v e l o p e d .  T h i s  w i l l  e v e n t u a l l y  l e a d  t o  
t h e  d e v e l o p m e n t  o f  a n  a u t o m a t e d  s y s t e m  o f  c o n t r o l .  

When d e v e l o p i n g  t h e  a b o v e  m e n t i o n e d  se t  o f  m o d e l s  a n d  a l g o -  
r i t h m s ,  p l a n n e r s  mus t  t a k e  i n t o  a c c o u n t  p o s s i b l e  f u t u r e  c h a n g e s  
i n  t h e  s t r u c t u r e  a n d  f u n c t i o n s  o f  t h e  s y s t e m  d u e  t o  f u n d a m e n t a l  
d i s c o v e r i e s  i n  t h e  f i e l d  o f  s o c i a l  h y g i e n e  a n d  b i o m e d i c i n e  t o  
e n s u r e  t h a t  c e r t a i n  a c t i v i t i e s  w i l l  n o t  become o b s o l e t e  d u r i n g  
t h e  p e r i o d  c o v e r e d  by t h e  p l a n .  Adherence  t o  t h e  c o n c e p t  o f  
p r e v e n t i v e  m e d i c i n e  i s  e s s e n t i a l  i n  l o n g - r a n g e  p l a n n i n g .  

A n a l y t i c a l  a n d  s y n t h e t i c a l  me thods  h a v e  b e e n  d e v e l o p e d  
w i t h i n  t h e  f r amework  o f  o p e r a t i o n s  a n d  s y s t e m s  a n a l y s i s  w h i c h  
a r e  w i d e l y  u s e d  t o  c a r r y  o u t  complex  p r o j e c t s  i n  v a r i o u s  i n -  
d u s t r i e s  [ 5 , 6 , 7 ]  . Most o f  t h e  p r o b l e m s  s o l v e d  w i t h  t h e s e  meth- 
o d s  a n d  t e c h n i q u e s  a r e  s i m i l a r  i n  fo rm t o  t h e  p r o b l e m s  o f  a  c i t y  
h e a l t h  c a r e  s y s t e m .  

I f  we c o n s i d e r  t h e  management o f  a  c i t y  h e a l t h  c a r e  s e r v i c e  
i n  terms o f  s y s t e m s  a n a l y s i s ,  we s h o u l d  t a k e  i n t o  a c c o u n t  t h e  
r e l a t i o n s h i p s  be tween  t h e  m e d i c a l  i n s t i t u t i o ~  and o t h e r  medi-  
c a l  s e r v i c e s  i n  o r d e r  t o  a n a l y z e  a l l  t h e  p r o b l e m s  e n c o u n t e r e d .  
A t t e m p t s  t o  d i v i d e  t h e  s y s t e m  i n t o  i t s  c o n s t i t u e n t  p a r t s  w i t h -  
o u t  t a k i n g  i n t o  a c c o u n t  t h e  dynamic  r e l a t i o n s h i p s  be tween  them 
w i l l  y i e l d  d e t a i l e d  s o l u t i o n s  f o r  i n d i v i d u a l  a s p e c t s  o f  t h e  
p r o b l e m  r a t h e r  t h a n  f o r  t h e  p r o b l e m  a s  a  who le .  Management o f  
t h e  s y s t e m  c o n s i s t s ,  e s s e n t i a l l y ,  i n  p u r p o s e f u l l y  b r i n g i n g  a l l  
i t s  m o d u l e s  i n t o  a  s t a t e  w h i c h  c o n t r i b u t e s  t o  t h e  o v e r a l l  g o a l  
o f  t h e  s y s t e m .  

The f o l l o w i n g  a r e  t h e  f u n d a m e n t a l  c o n c e p t s  employed i n  
d e v e l o p m e n t  o f  a  s e t  o f  optimum management a l g o r i t h m s  ( F i g u r e  2 ) :  

- A p p l i c a t i o n  o f  t h e  c o n c e p t s  o f  s y s t e m s  a n a l y s i s  t o  t h e  
a n a l y s i s  and  s y n t h e s i s  o f  t h e  m u l t i s t a g e  s y s t e m  o f  
h e a l t h  c a r e  management;  

S e t t i n g  u p  a n  i n t e g r a t e d  i n f o r m a t i o n  b a s e  by u s i n g  
m e d i c a l  s t a t i s t i c s  and  economic  d a t a  a n d  t h e  norms of  
t h e  e n t i r e  s y s t e m  f o r  a  o n e - t i m e  i n p u t  o f  d a t a  and  by 
g r o u p i n g  d a t a  a c c o r d i n g  t o  d a t e  and  management l e v e l ,  
f o r  r e p e a t e d  s u b s e q u e n t  u s e ,  i . e . ,  a n  a u t o m a t e d  d a t a  
bank  ( F i g u r e  3 ) .  An i n t e g r a t e d  i n f o r m a t i o n  b a s e  i s  re- 
q u i r e d  owing t o  t h e  i n t e r r e l a t i o n s h i p  b e t w e e n  a l l  t h e  
management p r o b l e m s  i n  t h e  h e a l t h  c a r e  s y s t e m .  Hence ,  
t h e  r e s u l t s  o b t a i n e d  i n  t h e  s o l u t i o n  o f  c e r t a i n  p rob-  
l e m s  mus t  b e  u s e d  f o r  s o l v i n g  o t h e r  p r o b l e m s  w i t h o u t  
a d d i t i o n a l  d a t a  i n p u t  o r  c h a n g e s  o f  d a t a ;  
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- An i n t e g r a t e d  s o f t w a r e  sys tem which a l l o w s  f o r  t h e  i n -  
t e r d e p e n d e n c e  between a l l  t h e  a l g o r i t h m s  and models o f  
t h e  system; 

- U s e  of  s t a n d a r d i z e d ,  c o m p a t i b l e  modular b l o c k s ;  

- Development o f  models which make p r o v i s i o n  f o r  f u t u r e  
t r e n d s  and deve lopments  i n  community h e d l t h  and m e d i c a l  
s c i e n c e .  Thus, t h e  p l a n n e r s  must t a k e  i n t o  a c c o u n t  
m o r b i d i t y  f o r e c a s t s ,  e s t i m a t e s  o f  f u t u r e  demand f o r  
b a s i c  h e a l t h  c a r e ,  e x i s t i n g  t r e n d s  i n  h o s p i t a l  c o n s t r u c -  
t i o n ,  t h e  l i k e l i h o o d  o f  g e n e r a l  m e d i c a l  s c r e e n i n g  o f  
t h e  e n t i r e  p o p u l a t i o n ,  e t c .  

- Cont inuous  improvement and development  o f  t h e  sys tem i n  
r e s p o n s e  t o  new h e a l t h  c a r e  problems.  

The sys tem s h o u l d  e v o l v e  i n  two d i r e c t i o n s :  

- Cont inuous  improvement o f  t h e  methods and means of  man- 
agement;  

- Cont inuous  renewal  o f  t h e  e l e m e n t s  and equipment  o f  t h e  
system.  
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Figure 3. Autorriated data Lank. 



Thus, t h e  f i n a l  model of  t h e  sys tem s h o u l d  p r o v i d e  f o r  t h e  
p o s s i b i l i t y  o f  f u t u r e  a d d i t i o n s  t o  i t s  f u n c t i o n a l  modules and 
o f  i t s  a d a p t a t i o n  t o  s y s t e m s  o f  management a t  o t h e r  l e v e l s  o r  
i n  o t h e r  f i e l d s .  

T h e r e  a r e  two p o s s i b l e  a p p r o a c h e s  t o  s i m u l a t i o n  of c i t y  
h e a l t h  c a r e  management a s  f o r  a n y  h e a l t h  c a r e  system: 1 )  d e v e l -  
opment and a n a l y s i s  o f  a  g l o b a l  model o f  t h e  c i t y  h e a l t h  c a r e  
s y s t e m  r e f l e c t i n g  i t s  pr imary  p u r p o s e ,  t h a t  i s ,  t o  r e g u l a t e  t h e  
s y s t e m  i n  o r d e r  t o  e n s u r e  i t s  optimum o p e r a t i o n  under  u rban  con- 
d i t i o n s ;  2 )  development  and a n a l y s i s  o f  t h e  f u n c t i o n a l  models  
i n  o r d e r  t o  s o l v e  s p e c i f i c  p rob lems  and s u b s e q u e n t l y  t o  syn the-  
s i z e  them t o  produce a n  i n t e g r a t e d  sys tem o f  management. 

The f i r s t  approach  makes it p o s s i b l e  t o  c o n s t r u c t  a  model 
o f  optimum s t r u c t u r e  and o p e r a t i o n  s i n c e  it e l i m i n a t e s  t h e  con- 
t r a d i c t i o n s  between l o c a l  c r i t e r i a  and t h e  c r i t e r i o n  o f  t h e  
g l o b a l  model.  As h a s  been d e m o n s t r a t e d  by e x p e r i m e n t s ,  t h i s  
a p p r o a c h  i s  i m p r a c t i c a b l e  a t  p r e s e n t ,  e s p e c i a l l y  i n  t h e  c a s e  o f  
a  c i t y  s y s t e m  w i t h  t h r e e  management l e v e l s  and a  number of  f u n c -  
t i o n s  a t  e a c h  l e v e l .  I t  s h o u l d  b e  added t h a t  e a c h  f u n c t i o n  of  
t h e  sys tem c o m p r i s e s  a  set o f  t a s k s  and e a c h  o f  t h e  t a s k s  re- 
q u i r e s  i t s  own a l g o r i t h m .  However, a  g e n e r a l  model must b e  de- 
v e l o p e d  s i n c e  it w i l l  c o n t r i b u t e  t o  s h a p i n g  t h e  g e n e r a l  deve lop-  
ment s t r a t e g y  o f  t h e  sys tem and  t o  i n t e g r a t i n g  it a s  a  s t r u c -  
t u r a l  u n i t  i n t o  t h e  s y s t e m  o f  management o f  t h e  All-Union h e a l t h  
c a r e  s e r v i c e .  

The second  a p p r o a c h  c o n s i s t s  i n  d e v e l o p i n g  p a r t i a l  models  
and s u b s e q u e n t l y  s y n t h e s i z i n g  them i n t o  a  comprehens ive  g l o b a l  
model;  s u c h  p a r t i a l  models  c a n  b e  deve loped  f o r  t h e  t h r e e  man- 
agement l e v e l s ,  namely, m e d i c a l  i n s t i t u t i o n s  ( p o l y c l i n i c s ,  hos- 
p i t a l s ,  e t c . ) ,  m e d i c a l  s e r v i c e s  (ambulance s e r v i c e ,  ep idemio log-  
i c a l  s e r v i c e ,  e tc . )  and h e a l t h  c a r e  a d m i n i s t r a t i o n  ( d i s t r i c t  
h e a l t h  d e p a r t m e n t ,  c i t y  h e a l t h  d e p a r t m e n t ) ,  b u t  t h i s  i s  a l s o  
a  c o m p l i c a t e d  m a t t e r .  

Moreover,  t h e  second a p p r o a c h  i s  n o t  w i t h o u t  drawbacks.  
F o r  e a c h  model t h e r e  i s  a  c o n s i d e r a b l e  a r r a y  o f  i n p u t  d a t a ;  a t  
t h e  same t i m e ,  t h e  o u t p u t  i s  v e r y  s p e c i f i c .  Moreover,  s t a g e -  
b y - s t a g e  o p t i m i z a t i o n  d o e s  n o t  g u a r a n t e e  t h a t  t h e  optimum w i l l  
b e  a c h i e v e d  f o r  a  g l o b a l  model.  I t  i s  a l s o  d i f f i c u l t  t o  main- 
t a i n  t h e  i n t e r r e l a t i o n s h i p s  between t h e  models ,  t h a t  i s ,  i n  
some c a s e s  t h e  r e s u l t s  o b t a i n e d  w h i l e  s o l v i n g  c e r t a i n  p rob lems  
c a n  h a r d l y  be u t i l i z e d  f o r  s o l v i n g  o t h e r  problems.  I n  such  
c a s e s  t h e  d a t a  s e r v i c e s  s h o u l d  b e  c e n t r a l i z e d ;  t h i s  c a n  be 
a c h i e v e d  by d e v e l o p i n g  a  s y s t e m  o f  t ime-space  i n d i c a t o r s  which 
c a n  b e  s u b s t a n t i a t e d  on  economic g r o u n d s  t o  f a c i l i t a t e  a  more 
e f f i c i e n t  management o f  t h e  c i t y  h e a l t h  c a r e  s e r v i c e .  

C l e a r l y ,  t h e  sys tem o f  i n d i c a t o r s  c a n n o t  b e  t h e  same f o r  
a l l  t h e  t h r e e  l e v e l s  o f  management i n  b o t h  t h e  h o r i z o n t a l  and 
v e r t i c a l  d i r e c t i o n  [ I ] .  



Hence, t o  deve lop  a  g l o b a l  model,  w e  have t o  d e s i g n  a  set  
o f  p a r t i a l  s p e c i f i c  models t o  y i e l d  t h e  optimum i n d i c a t o r s  p re -  
s e n t i n g  a  comprehensive d e s c r i p t i o n  o f  a  c i t y  h e a l t h  c a r e  sy s -  
t e m  ( F i g u r e  4 ) .  

The p r i n c i p a l  f e a t u r e s  of a  g l o b a l  model of t h e  h e a l t h  c a r e  
system a r e  t h e  fo l l owing :  

- I d e n t i f i c a t i o n  o f  t h e  main f a c t o r s  de t e rmin ing  t h e  s t a t e  
o f  t h e  o b j e c t s  of management ( i n p u t )  ; 

- I d e n t i f i c a t i o n  o f  t h e  p r i n c i p a l  i n d i c a t o r s  d e s c r i b i n g  
t h e  s t a t e  of  t h e  o b j e c t s  of management ( o u t p u t ) ;  

- Development o f  t e c h n i q u e s  e s t a b l i s h i n g  t h e  formal  i n t e r -  
r e l a t i o n s h i p s  between i n p u t  (mr )  and o u t p u t  (n r )  f o r  t h e  
o b j e c t s  o f  management; 

- Development o f  t e c h n i q u e s  f o r  f i n d i n g  t h e  optimum v e r s i o n  
o f  h e a l t h  c a r e  s t r u c t u r e .  

The model i s  d i f f i c u l t  t o  d e v e l o p  f o r  l a c k  of  s u f f i c i e n t  
a c c u r a t e  d a t a  t o  s u b s t a n t i a t e  t h e  above c o n c e p t s  and o f  c l e a r -  
c u t  c r i t e r i a  t o  e v a l u a t e  t h e  e f f i c i e n c y  o f  med i ca l  i n s t i t u t i o n s  
and t h e  q u a l i t y  o f  medica l  c a r e .  

The system must p rov ide  h i g h  q u a l i t y  and prompt h e a l t h  c a r e  
which means t h a t  i t s  s t r u c t u r e  and o p e r a t i o n  must be  o p t i m a l .  
The main c r i t e r i a  o f  q u a l i t y  should  be  ma thema t i ca l l y  f o rmu la t ed .  

The d e s c r i p t i o n  o f  t h e  management system o f  a  c i t y  h e a l t h  
s e r v i c e  i n  t e r m s  o f  t h e  Markovian p r o c e s s e s  and t h e  queuing 
t h e o r y  p roves  t o  b e  compl ica ted  owing t o  t h e  f o l l o w i n g  f a c t o r s :  

- The random n a t u r e  o f  r e q u e s t s ,  t h e  f r equency  o f  which 
v a r i e s  i n  t i m e  and space  ( t h e  f r equency  i s  t h e  number 
o f  r e q u e s t s  f o r  s e r v i c e  p e r  u n i t  o f  t i m e ) ;  though t h e  
v a r i a t i o n s  i n  t i m e  a r e  random, t aken  a s  a  whole t h e y  
r e v e a l  a n  o b j e c t i v e  p a t t e r n ;  

- The random and nonuniform d i s t r i b u t i o n  of  r e q u e s t s  f o r  
s e r v i c e  o v e r  t h e  urban  a r e a ;  

- The random d i s t r i b u t i o n  of  t i m e  s p e n t  by v a r i o u s  med i ca l  
s p e c i a l i s t s  i n  s e r v i c i n g  p a t i e n t s ,  each s e r v i c i n g  be ing  
a  mu l t i phase  p r o c e s s ;  

- Each phase  o f  s e r v i c i n g  p roceeds  t h rough  v a r i o u s  s t a g e s  
and t h e  combina t ion  o f  t h e s e  s t a g e s  i s  random f o r  d i f -  
f e r e n t  r e q u e s t s ;  

- The s e r v i c e  r o u t e  o f  t h e  r e q u e s t  i s  de t e rmined  by t h e  
states of  v a r i o u s  e lements  o f  t h e  system a t  t h e  t i m e  of 
r e q u e s t ;  
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- C e r t a i n  c h a n n e l s  o f  s e r v i c i n g  which a r e  f r e e  a t  t h e  t i m e  
o f  a  r e q u e s t  c a n n o t  b e  a l l o c a t e d  t o  t h a t  r e q u e s t  owing 
t o  l o n g  d i s t a n c e s  and o t h e r  r e a s o n s - - t h a t  is ,  t h e  queu ing  
s y s t e m  i s  n o t  f u l l y  a p p l i c a b l e ;  

- The c o n d i t i o n s  govern ing  t h e  t r a n s i t i o n  o f  v a r i o u s  ele- 
ments  f rom o n e  s t a t e  t o  a n o t h e r  a r e  d i f f i c u l t  t o  s i m u l a t e .  

The f o l l o w i n g  must b e  f o r m u l a t e d  a t  t h i s  s t a g e  i n  d e v e l o p i n g  
m a t h e m a t i c a l  models  o f  m e d i c a l  s e r v i c e s  and i n s t i t u t i o n s :  

- The main f u n c t i o n s  c a r r i e d  o u t  by i n d i v i d u a l  s e r v i c e s  
and  i n s t i t u t i o n s  a s  w e l l  a s  by t h e  system a s  a  whole; 

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

- The l i s t  o f  o p t i m i z a t i o n  c r i t e r i a .  

At t h i s  s t a g e  o f  model deve lopment ,  c o m p l e t e  and r e l i a b l e  
d a t a  on  t h e  p a r a m e t e r s  and c h a r a c t e r i s t i c s  o f  t h e  i n f o r m a t i o n  
f l o w s  coming i n t o  t h e  sys tem and on  t h e  t e c h n o l o g i c a l  s t a g e s  
o f  s e r v i c i n g  ( p a r t i c u l a r l y ,  f o r  p o l y c l i n i c s ) ,  a r e  l a c k i n g .  
Account  must  b e  t a k e n ,  a l s o ,  o f  t h e  c u r r e n t  r e o r g a n i z a t i o n  and 
improvement o f  t h e  sys tem.  T h i s  n e c e s s i t a t e s  t h e  c o l l e c t i o n  o f  
a d d i t i o n a l  d a t a  and f u r t h e r  a n a l y s i s  o f  t h e  o b j e c t s  of  s t u d y .  

The model must b e  based on  t h e  t e n t a t i v e  a n a l y s i s  o f  i n i t i a l  
d a t a ,  t h e  r e l e v a n t  m a t h e m a t i c a l  methods and working h y p o t h e s e s  
on  t h e  s t r u c t u r e  and c h a r a c t e r i s t i c s  o f  t h e  o b j e c t s  of  t h e  s y s -  
t e m .  

The f o l l o w i n g  must b e  i d e n t i f i e d  i n  o r d e r  t o  d e v e l o p  mathe- 
m a t i c a l  models:  

- The s t r u c t u r e  o f  t h e  ne twork ,  g e o g r a p h i c a l  d i s t r i b u t i o n ,  
i t s  t y p i c a l  e l e m e n t s ,  c o m p o s i t i o n  o f  m e d i c a l  p e r s o n n e l  
and optimum t e c h n o l o g i c a l  r e s o u r c e s ;  

- The s t a n d a r d  set o f  t a s k s  t o  b e  c a r r i e d  o u t ;  

- The p r o b a b i l i t y  f u n c t i o n  o f  t h e  d i s t r i b u t i o n  o f  ser- 
v i c i n g  t i m e  f o r  a l l  p h a s e s  o f  s e r v i c i n g ;  

- The d i s t r i b u t i o n  f u n c t i o n  o f  t h e  incoming f l o w s  o f  re- 
q u e s t s  and t h e i r  p a r a m e t e r s  ( f o r  h o s p i t a l s  and poly-  
c l i n i c s )  ; 

- The p a r a m e t e r s  and  c h a r a c t e r i s t i c s  o f  t h e  t y p i c a l  set 
o f  t a s k s  t o  b e  c a r r i e d  o u t ;  

- The q u a n t i t a t i v e  c h a r a c t e r i s t i c s  o f  t h e  r e d i s t r i b u t i o n  
o f  r e q u e s t  f l o w s  among v a r i o u s  c h a n n e l s  and  p h a s e s  o f  
s e r v i c i n g ;  



- The p r i o r i t i e s  o f  s e r v i c i n g  and d i s t r i b u t i o n  o f  r e q u e s t s  
among v a r i o u s  s e r v i c i n g  c h a n n e l s ;  

- The management a l g o r i t h m s  o f  t h e  o p e r a t i o n s  o f  t h e  ser- 
v i c i n g  p r o c e s s ;  

- Algor i thms  and s e a r c h  programs t o  o p t i m i z e  t h e  o r g a n i -  
z a t i o n  o f  s e r v i c i n g ;  

- Algor i thms  and programs f o r  f o r e c a s t i n g  f u t u r e  s t a t e s  o f  
t h e  e n t i r e  system.  

The computer model o f  o u r  system i n c l u d e s  e x p e r i m e n t a l  
p a r t i a l  m a t h e m a t i c a l  models  d e s c r i b i n g  t h e  c l i n i c a l ,  a d m i n i s t r a -  
t i v e  and economic a c t i v i t i e s  o f  m e d i c a l  i n s t i t u t i o n s  (management 
models  o f  h o s p i t a l s ,  h o s p i t a l i z a t i o n  s e r v i c e ,  e t c . ) ,  some man- 
agement  f u n c t i o n s  and t h e  network o f  u r b a n  m e d i c a l  i n s t i t u t i o n s .  

These  p a r t i a l  m a t h e m a t i c a l  models  i n c l u d e  a n a l y s i s  o f  t h e  
o p e r a t i o n s  o f  i n d i v i d u a l  u n i t s  and p r e p a r t i o n  o f  recommendations 
f o r  t h e i r  o p t i m i z a t i o n .  

Methods u s i n g  t h e  s t a t i s t i c a l  t h e o r y  o f  p a t t e r n  r e c o g n i t i o n  
c a n  y i e l d  p r o m i s i n g  r e s u l t s .  These methods a s s i s t  w i t h  t h e  
f o l l o w i n g  problems:  

- S e l e c t i o n  o f  t h e  e s s e n t i a l  a s p e c t s  o f  t h e  o p e r a t i o n  o f  
a  u n i t  and a r r a n g i n g  them i n  o r d e r  o f  impor tance ;  

- Grouping o f  i n d i c a t o r s  d e s c r i b i n g  t h e  o p e r a t i o n  o f  t h e  
u n i t  t o  d e v e l o p  complex i n d i c a t o r s ;  

- A n a l y s i s  o f  t h e  e f f e c t s  e x e r t e d  by v a r i o u s  f a c t o r s  on  
t h e  e f f i c i e n c y  i n d i c a t o r s  o f  i t s  o p e r a t i o n ;  

- S t a n d a r d i z a t i o n  o f  o b j e c t s  t o  c o n s t i t u t e  g r o u p s  o f  ob- 
j e c t s  w i t h  u n i f o r m  c h a r a c t e r i s t i c s  which,  t y p i c a l l y ,  
enhances  t h e  a c c u r a c y  o f  t h e  model. 

I n  o r d e r  t o  a p p l y  t h e  s t a t i s t i c a l  t h e o r y  o f  p a t t e r n  rec- 
o g n i t i o n ,  i n d i c a t o r s  a r e  c l a s s i f i e d  i n t o  two groups :  

- I n d i c a t o r s  t h a t  d e s c r i b e  t h e  c o n d i t i o n s  g o v e r n i n g  t h e  
o p e r a t i o n  o f  t h e  u n i t  ( m o r b i d i t y ,  r e s o u r c e s ,  e t c .  ) ; 

- The e f f i c i e n c y  i n d i c a t o r s  ( f o r  i n s t a n c e ,  t h e  a v e r a g e  
s t a y  i n  h o s p i t a l ,  bed occupancy r a t e ,  e t c . ) .  

Each o b j e c t  (module) c a n  b e  r e p r e s e n t e d  by a  p o i n t  i n  t h e  
s p a c e  o f  f a c t o r s  and a  p o i n t  i n  t h e  s p a c e  o f  i n d i c a t o r s .  Hence, 
s i m u l a t i o n  o f  t h e  o p e r a t i o n  o f  t h e  o b j e c t s  (modules)  c o n s i s t s  
i n  f i n d i n g  t h e  r e l a t i o n s h i p  between t h e  p o i n t s  o f  t h e s e  s p a c e s .  



At t h i s  s t a g e  t h e  f o l l o w i n g  problems s h o u l d  a l s o  be formu- 
l a t e d :  

- E s t i m a t i o n  o f  bed occupancy i n  d i f f e r e n t  h o s p i t a l  u n i t s  
f o r  v a r i a b l e  incoming f l o w s  and c a l c u l a t i o n  o f  t h e  
optimum number o f  beds ;  

- E s t i m a t i o n  o f  t h e  optimum s e r v i c e  zones  and t h e  number 
o f  m e d i c a l  teams i n  t h e  u n i t s  t o  d e a l  w i t h  t h e  v a r y i n g  
f l o w  o f  r e q u e s t s ,  etc. 

E f f i c i e n c y  c r i t e r i a  a r e  used p a r t l y  f o r  s i m u l a t i n g  manage- 
ment f u n c t i o n s .  T h i s  s t a g e  w i l l  y i e l d  some c h a r a c t e r i s t i c s  o f  
t h e  e f f i c i e n t  management and o p e r a t i o n  o f  t h e  sys tem.  

D e t a i l e d  s i m u l a t i o n  o f  such  a c o m p l i c a t e d  sys tem a s  t h e  
management o f  h e a l t h  c a r e  i n  a l a r g e  c i t y  s h o u l d  b e  based on  a 
v a s t  amount o f  s t a t i s t i c a l  d a t a  t h a t  i s  h a r d l y  l i k e l y  t o  b e  
a v a i l a b l e  i n  t h e  immediate  f u t u r e .  

I n  t h i s  c o n n e c t i o n ,  it seems a d v i s a b l e  a t  t h e  f i r s t  s t a g e  
o f  a n a l y s i s  t o  p a s s  f rom t h e  m i c r o c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  
e l e m e n t s  o f  t h e  system t o  t h e  m a c r o c h a r a c t e r i s t i c s  o f  t h e  sys tem 
a s  a whole  which,  a s  a f i r s t  a p p r o x i m a t i o n ,  c a n  b e  r e p r e s e n t e d  
a s  t h e  weigh ted  a v e r a g e  o f  t h e  c o r r e s p o n d i n g  m i c r o c h a r a c t e r i s t i c s .  

I n  p a r t i c u l a r ,  t h i s  approach  may b e  employed t o  d e t e r m i n e  
t h e  m a c r o c h a r a c t e r i s t i c s  o f  t h e  s p a t i a l  d i s t r i b u t i o n  o f  c a l l s  
f o r  t h e  ambulance s e r v i c e .  

For  t h e  p u r p o s e s  o f  making a model o f  t h e  d e n s i t y  o f  c a l l s  
o v e r  t h e  u rban  a r e a ,  t h i s  c a n  be d i v i d e d  i n t o  a l a r g e  number o f  
s q u a r e s  i n  s u c h  a way t h a t  w i t h i n  e a c h  s q u a r e  t h e  d e n s i t y  c a n  be 
assumed t o  b e  c o n s t a n t .  However, t h e  r e l e v a n t  d a t a  a r e  v e r y  
d i f f i c u l t  t o  o b t a i n .  T h e r e f o r e ,  t h e  u r b a n  a r e a  c a n  b e  d i v i d e d  
i n t o  t h e  s e r v i c i n g  zones  o f  t h e  ambulance s t a t i o n s - - a  d i v i s i o n  
t h a t  g r e a t l y  f a c i l i t a t e s  t h e  c o l l e c t i o n  of  s t a t i s t i c a l  d a t a .  

The above  argument  i s  i l l u s t r a t e d  i n  t h e  Appendix t o  t h i s  
paper  by some m a c r o c h a r a c t e r i s t i c s  o f  t h e  s e r v i c e  zones .  

E v a l u a t i o n  o f  t h e  p r e s e n t  s t a t u s  o f  t h e  problem s u g g e s t s  
t h a t  c o n c e n t r a t e d  e f f o r t s  by p h y s i c i a n s ,  m a t h e m a t i c i a n s ,  s y s -  
t e m s  a n a l y s t s  and e c o n o m i s t s  a r e  r e q u i r e d  t o  d e v e l o p  t h e  theo-  
r e t i c a l  c o n c e p t s  o f  a management sys tem f o r  h e a l t h  c a r e  i n  gen- 
e r a l  and a c i t y  h e a l t h  c a r e  s e r v i c e  i n  p a r t i c u l a r ,  and t o  de-  
v e l o p  i n t e r r e l a t e d  models  and a l g o r i t h m s  f o r  t h e  p l a n n i n g  and 
management o f  t h e  v a r i o u s  h e a l t h  c a r e  u n i t s  and s e r v i c e s  (hos-  
p i t a l s ,  p o l y c l i n i c s ,  m a t e r n i t y  c l i n i c s ,  ambulance s e r v i c e ) .  A l l  
t h e  r e s e a r c h  and development  work ( i n d i v i d u a l  models ,  f u n c t i o n a l  
modules ,  e t c . )  s h o u l d  be c a r r i e d  o u t  on  t h e  b a s i s  o f  a g e n e r a l  
methodology i n t e g r a t i n g  i n f o r m a t i o n ,  t e c h n o l o g y  and mathemat ics  
which would make it p o s s i b l e  t o  d e v e l o p  a g e n e r a l  management 
model .  



The above  d i s c u s s i o n  s u g g e s t s  t h a t  p l a n n e r s  p r e p a r i n g  
g e n e r a l  u rban  development  p l a n s  should  pay c o n s i d e r a b l e  a t t e n -  
t i o n  t o  s o l v i n g  t h e  problem of  h e a l t h  c a r e  f o r  t h e  p o p u l a t i o n .  

The per formance  of  t h e  c i t y  h e a l t h  c a r e  s e r v i c e s  w i l l  b e  
g r e a t l y  improved by t h e  e f f i c i e n t  d i s t r i b u t i o n  of  m e d i c a l  i n -  
s t i t u t i o n s  o v e r  t h e  u r b a n  a r e a .  

I n  c o n f i r m a t i o n  o f  t h e  c o m p l e x i t y  o f  t h e  sys tem d i s c u s s e d ,  
it i s  a p p r o p r i a t e  t o  c i t e  h e r e  t h e  d e f i n i t i o n  o f  c o n t r o l  g i v e n  
by V.A. Trapezn ikov .  H e  s a i d  t h a t  it i s  t h e  c o r r e c t i v e  a c t i o n  
a p p l i e d  t o  t h e  o b j e c t  i n  r e s p o n s e  t o  c h a n g e s  i n  i t s  m a t e r i a l  
and e n e r g y  r e s o u r c e s .  Hence, i n t r o d u c t i o n  of  a n  automated 
management sys tem r e q u i r e s  n o t  o n l y  consumption o f  m a t e r i a l  re- 
s o u r c e s  b u t  a l s o  a l t e r a t i o n  o f  t h e  e x i s t i n g  h e a l t h  c a r e  system.  
T h i s ,  undoubted ly ,  w i l l  n e c e s s i t a t e  t h e  p s y c h o l o g i c a l  r e t r a i n -  
i n g  o f  p e r s o n n e l ,  t h e  u t i l i z a t i o n  o f  new t e c h n o l o g y ,  changes  
i n  o r g a n i z a t i o n  o f  manpower, e tc.  

The new sys tem b e i n g  deve loped  should  t h e r e f o r e  be compat- 
i b l e  w i t h  t h e  e x i s t i n g  sys tem and t h e  change  i n  s t r u c t u r e  should  
b e  e f f e c t e d  g r a d u a l l y .  T h i s  n e c e s s i t y  should  b e  b o r n e  i n  mind 
i n  c i t y  h e a l t h  c a r e  zon ing  and i n  p l a n n i n g  t h e  c o n s t r u c t i o n  o f  
new m e d i c a l  i n s t i t u t i o n s .  
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Appendix: M a c r o c h a r a c t e r i s t i c s  o f  t h e  S e r v i c e  Zones o f  

The Ambulance S e r v i c e  

1.  S e r v i c i n g  c h a r a c t e r i s t i c s ,  g i v e n  nonuniform d e n s i t y  o f  c a l l s  
and l o c a t i o n  o f  t h e  ambulance s e r v i c e  

The ambulance s t a t i o n  i s  assumed t o  b e  l o c a t e d  a t  t h e  cen-  
t e r  o f  t h e  s e r v i c i n g  zone,  a  c i rc le  of  t h e  r a d i u s  R.  

The d e n s i t y  o f  c a l l s  t o  b e  s e r v i c e d  is  t a k e n  t o  b e  g i v e n  
by t h e  r a d i a l  P o i s s o n  d i s t r i b u t i o n .  

where  r i s  t h e  r a d i u s  v e c t o r  r e p r e s e n t i n g  t h e  d i s t a n c e  from t h e  
c e n t e r ,  yo i s  t h e  d e n s i t y  o f  c a l l s  a t  t h e  c e n t e r  o f  t h e  s e r v i c -  

i n g  zone and b  i s  t h e  c o n s t a n t  which c h a r a c t e r i z e s  t h e  r a t e  o f  
v a r i a t i o n  o f  d e n s i t y  w i t h  d i s t a n c e .  

The t o t a l  number of c a l l s  i n  t h e  c i rc le  is  g i v e n  by 

The d e n s i t y  o f  d i s t r i b u t i o n  of  t h e  random r a d i a l  d i s t a n c e  
when s e r v i c i n g  c a l l s  i s  g i v e n  by 

The m a t h e m a t i c a l  e x p e c t a t i o n  and t h e  v a r i a n c e  o f  t h e  r a d i a l  
d i s t a n c e  from t h e  c e n t e r  o f  t h e  c i rc le  t o  t h e  s i t e  of t h e  c a l l ,  
where  t h e  c a l l  d e n s i t y  i s  d e f i n e d  by E q u a t i o n  ( 1 )  a r e  e x p r e s s e d  
by t h e  f o l l o w i n g  e q u a t i o n s :  



2. The s e r v i c i n g  c h a r a c t e r i s t i c s  i n  t h e  c i r c l e  o f  a  g i v e n  den- 
s i t y  a cco rd ing  t o  t h e  po i s son  d i s t r i b u t i o n  a r e  found by 
s u b s t i t u t i n g  i n  e q u a t i o n s  ( 2 ) - ( 5 )  t h e  f o l l o w i n g  t e r m s :  

N = Y o a ~ 2 ;  Pr ( x )  = 2x/ R 2  ; 

3 .  The mean r a d i a l  d i s t a n c e s  i f  t h e  ambulance s t a t i o n  i s  n o t  
l o c a t e d  a t  t h e  c e n t e r  o f  t h e  c i r c l e  may be  found i n  t h e  
f o l l o w i n g  way: 

Le t  u s  assume t h a t  t h e  s e r v i c e  zone i s  a  c i r c l e  w i t h  t h e  
un i form c a l l  d e n s i t y  j and t h a t  t h e  ambulance s t a t i o n  i s  l o c a t e d  
a t  a  d i s t a n c e  a  ( 0  I a  I R)  from t h e  c e n t e r  o f  t h e  c i r c l e .  The 
r e s p e c t i v e  c h a r a c t e r i s t i c s  a r e  

where K(q)  and E ( q )  a r e  t h e  f i r s t  and second f u l l  e l l i p t i c  
i n t e g r a l s ,  r e s p e c t i v e l y .  

A s  c a n  be  shown by Equa t ion  ( 6 ) ,  l o c a t i o n  of t h e  ambulance 
s t a t i o n  a t  t h e  c i r cumfe rence  o f  t h e  s e r v i c i n g  c i r c l e ,  i n s t e a d  
o f  a t  t h e  c e n t e r ,  i n c r e a s e s  by app rox ima te ly  1.7 t i m e s  t h e  v a l u e  
of M r .  

The o r t h o g o n a l  d i s t a n c e  between two p o i n t s  ( M D )  w i l l  b e  

d e f i n e d  a s  t h e  d i s t a n c e  i n  t h e  Hamming's space  o r  t h e  d i s t a n c e  
a  motor  v e h i c l e  t r a v e l s  i n  t h e  o r t hogona l  network of r o a d s  
c h a r a c t e r i s t i c  o f  modern c i t i e s .  

Approp r i a t e  c a l c u l a t i o n s  show t h a t  M = 1.25  Mr b o t h  f o r  
P 

uni form and nonuniform c a l l  d e n s i t i e s .  

The r e a l  s e r v i c i n g  zone w i t h  a r b i t r a r y  bounda r i e s  and den- 
s i t y  o f  c a l l s  may be  r e p l a c e d  by t h e  e q u i v a l e n t  c i r c u l a r  ser- 
v i c i n g  zone w i t h  c o n s t a n t  c a l l  d e n s i t y  a cco rd ing  t o  t h e  Po i s son  
d i s t r i b u t i o n  s o  t h a t  t h e  t o t a l  number o f  c a l l s  and t h e  mean 
r a d i a l  d i s t a n c e s  i n  t h e  two zones  a r e  e q u a l .  I n  t h i s  c a s e ,  t h e  
e q u i v a l e n t  zone w i l l  have t h e  fo l l owing  pa r ame te r s  



where r . .  i s  t h e  d i s t a n c e  between t h e  i t h  u n i t  s i t e  and t h e  cen-  
1 I 

ter o f  t h e  s e r v i c i n g  zone j .  



A p p l i c a t i o n  o f  Technology t o  H e a l t h  Care  

And Envi ronmenta l  Problems 

I .P .  Smirnov 

I s h a l l  d i s c u s s  some r e s u l t s  o b t a i n e d  by u s i n g  t h e  sys tems  
approach  t o  t h e  a p p l i c a t i o n  o f  t e c h n o l o g y  t o  h e a l t h  c a r e .  

L i t e r a t u r e  on  sys tems  a n a l y s i s  p u b l i s h e d  i n  t h e  l a s t  de- 
c a d e  f a l l s  i n t o  two c a t e g o r  i e s - - " i d e a l i s t i c "  and " m a t e r i a l i s t i c " .  

The " i d e a l i s t i c "  c a t e g o r y  c o m p r i s e s  s t u d i e s  t h a t  t r e a t  s y s -  
tems a n a l y s i s  a s  a n  i n d e p e n d e n t  t h e o r y  which d o e s  n o t  depend on 
s p e c i f i c  o b j e c t s  o f  s t u d y .  These s t u d i e s  w i d e l y  u s e  modern 
m a t h e m a t i c a l  methods t o  s u b s t a n t i a t e  and d e v e l o p  g e n e r a l  sys tems  
a n a l y t i c a l  methods.  

The " m a t e r i a l i s t i c "  c a t e g o r y  c o m p r i s e s  s t u d i e s  concerned  
w i t h  s y s t e m s  e n g i n e e r i n g ,  d e s i g n  o f  l a r g e  s y s t e m s ,  deve lopments  
o f  t h e  t h e o r y  used  t o  d e s i g n  and c o n t r o l  modern t e c h n o l o g i c a l  
and economic automated and semiautomated sys tems .  A  t y p i c a l  
f e a t u r e  of  a l l  t h e s e  s t u d i e s  i s  t h a t  t h e y  d e a l  w i t h  l a r g e  o r  
s m a l l ,  b u t  a lways  c o m p l i c a t e d ,  s p e c i f i c  " m a t e r i a l "  o b j e c t s  o f  
s t u d y .  I n  t h e s e  s t u d i e s ,  sys tems  a n a l y s i s  is  u t i l i z e d  and de-  
v e l o p e d  a s  an  a n a l y t i c a l  i n s t r u m e n t .  

T y p i c a l l y ,  a  new s c i e n t i f i c  f i e l d  i s  opened and deve loped  
by a p p l i c a t i o n  o f  t h e  methods o f  d i a l e c t i c a l  m a t e r i a l i s m  ( w i t h  
i t s  d i s t i n c t i v e  l o g i c  and s y s t e m s  a p p r o a c h )  t o  a  l a r g e - s c a l e  
and  complex o b j e c t  of s t u d y .  Thus,  t h e  new r e s e a r c h  f i e l d  o f  
m e d i c a l  s y s t e m s  e n g i n e e r i n g  combines  t h e  s t u d y  o f  h e a l t h  c a r e  
t e c h n o l o g y  and e n v i r o n m e n t a l  problems t h a t  a r e  i n s e p a r a b l e  from 
h e a l t h  c a r e  problems.  

Medica l  sys tems  e n g i n e e r i n g  f o r m a l i z e s  t h e  problem o f  man- 
a g i n g  h e a l t h  c a r e  and i t s  subsys tems ,  i n  p a r t i c u l a r ,  managing 
t h e  p r o d u c t i o n  o f  t e c h n o l o g i c a l  d e v i c e s .  W e  r e g a r d  h e a l t h  c a r e  
management a s  management o f  t h e  d i s t r i b u t i o n  o f  f l o w s  o f  l i m i t e d  
r e s o u r c e s  aimed a t  p r e s e r v i n g  t h e  maximum number o f  man-years.  
The t e c h n o l o g i c a l  r e s o u r c e s  o f  t h e  h e a l t h  c a r e  s y s t e m  p l a y  a n  
i m p o r t a n t  p a r t  i n  maximizing man-years.  

The f o l l o w i n g  a r e  t h e  p r e s e n t  and f u t u r e  f i e l d s  o f  major  
u t i l i z a t i o n  o f  t e c h n o l o g y  i n  t h e  l i g h t  of  t h e  problems c u r r e n t l y  
f a c i n g  t h e  h e a l t h  c a r e  sys tem ( F i g u r e  1 ) .  

T h e  f i r s t  f i e l d :  t e c h n o l o g i c a l  methods t o  p r o t e c t  a i r ,  
w a t e r  and l a n d  and  t o  p r o v i d e  b e t t e r  l i v i n g  and working c o n d i t i o n s  
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Figure 1.  Structural rnotlt~l o f  tc.c.hnologic:al rrsourccs 
of the hralth carc systtLm. 



f o r  p o p u l a t i o n s .  They i n c l u d e  v a r i o u s  f i l t e r s  f o r  c l e a n i n g  e f -  
f l u e n t s  and g a s e o u s  d i s c h a r g e s ,  d i s i n f e c t i n g  and d e c o n t a m i n a t i n g  
d e v i c e s ,  means o f  p r o t e c t i o n  from n a t u r a l  and man-made fo rms  o f  
r a d i a t i o n ,  a n t i n o i s e  and a n t i v i b r a t i o n  d e v i c e s ,  v a r i o u s  t echno-  
l o g i c a l  methods t o  p r o t e c t  w o r k e r s '  s a f e t y ,  a i r - c o n d i t i o n i n g  
i n s t a l l a t i o n ,  etc.  

T h e  s e c o n d  f i e l d :  t e c h n o l o g i c a l  d e v i c e s  used i n  h e a l t h  
c a r e  i n s t i t u t i o n s  t o  i n c r e a s e  t h e  p r o d u c t i v i t y  and improve t h e  
working c o n d i t i o n s  o f  m e d i c a l  and  s u p p o r t i n g  p e r s o n n e l .  They 
i n c l u d e  v a r i o u s  t y p e s  o f  l i f t i n g  and t r a n s p o r t  equipment ,  k i t c h e n  
equ ipment ,  f e e d i n g  d e v i c e s  f o r  p a t i e n t s ,  equipment  t o  p r o v i d e  
p a t i e n t s  w i t h  changes  o f  bed and p e r s o n a l  l i n e n ,  communication 
d e v i c e s ,  s i g n a l  s y s t e m s ,  etc. 

T h e  t h i r d  f i e l d :  u s e  o f  t e c h n o l o g i c a l  methods i n  c a r e e r  
g u i d a n c e  t o  p i c k  o u t  t h e  men and women who c a n  per form p a r t i c -  
u l a r  t e c h n i c a l  and p r o f e s s i o n a l  j o b s  i n  modern i n d u s t r i e s .  

T h e  f o u r t h  f i e l d :  u s e  o f  t e c h n o l o g i c a l  r e s o u r c e s  i n  b i o -  
m e d i c a l  r e s e a r c h .  

T h e  f i f t h  f i e l d :  d i r e c t  o r  i n d i r e c t  u s e  o f  many t e c h n o -  
l o g i c a l  d e v i c e s  by m e d i c a l  p e r s o n n e l  i n  c a r r y i n g  o u t  v a r i o u s  
p r e v e n t i v e ,  d i a g n o s t i c  and t h e r a p e u t i c  p r o c e s s e s .  Such d e v i c e s  
a r e  g e n e r a l l y  d e s c r i b e d  a s  m e d i c a l  t e c h n o l o g y .  

The s t r u c t u r e  o f  m e d i c a l  t e c h n o l o g y  i s  shown i n  F i g u r e  2 .  
S c i e n t i s t s  i n  p r a c t i c a l l y  a l l  c o u n t r i e s  have  been p a y i n g  g r e a t  
a t t e n t i o n  t o  t h e  development  o f  m e d i c a l  t e c h n o l o g y  i n  t h e  r e -  
c e n t  y e a r s .  Much h a s  been done and much is  b e i n g  done  i n  t h i s  
r e s p e c t  b u t ,  u n f o r t u n a t e l y ,  a  marked improvement i n  t h e  c o s t  
e f f e c t i v e n e s s  o f  h e a l t h  c a r e  c a n n o t  b e  e x p e c t e d  s o l e l y  t h r o u g h  
t h e  deve lopment  o f  m e d i c a l  t e c h n o l o g y ;  p l a n s  s h o u l d  b e  made t o  
improve t h e  d e s i g n  and i n c r e a s e  t h e  p r o d u c t i o n  o f  a l l  t y p e s  of  
t e c h n o l o g i c a l  r e s o u r c e s  used  i n  h e a l t h  c a r e .  Such a  s t e p  would 
b r i n g  n o t  o n l y  economical  b e n e f i t s  by p r o v i d i n g  t h e  p o p u l a t i o n  
w i t h  a  h e a l t h i e r  g l o b a l  and l o c a l  environment  b u t  would a l s o  
c o n t r i b u t e  t o  s o l v i n g  t h e  g r e a t  s o c i a l  problem o f  making it pos- 
s i b l e  f o r  human b e i n g s  t o  d e v e l o p  harmonious ly .  

Even a t  t h e  p r e s e n t  t i m e ,  some i n t e r n a t i o n a l  measures  c o u l d  
and s h o u l d  b e  t a k e n  t o  improve t h e  t e c h n o l o g i c a l  r e s o u r c e s  of  
h e a l t h  c a r e  s y s t e m s ,  f o r  example: 

- Development and i n d u s t r i a l  p r o d u c t i o n  o f  i n t e r n a t i o n a l l y  
s t a n d a r d i z e d  t e c h n i c a l  d e v i c e s  t o  p r o t e c t  a i r ,  w a t e r  
and l a n d  from harmfu l  n a t u r a l  and man-made a g e n t s ;  

- Development and i n d u s t r i a l  p r o d u c t i o n  of  i n t e r n a t i o n a l l y  
s t a n d a r d i z e d  t e c h n o l o g i c a l  d e v i c e s  t o .  mechanize and 
au tomate  t h e  work o f  a u x i l i a r y  and nonmedical  p e r s o n n e l  
i n  h e a l t h  c a r e  s e r v i c e s ;  



Figure 2. hleans of production ant1 manpower rrsourccss 
in the health carc system. 



- Development and i n d u s t r i a l  p r o d u c t i o n  o f  s t a n d a r d i z e d  
m e d i c a l  t e c h n o l o g y ;  

Development and i n d u s t r i a l  p r o d u c t i o n  o f  s t a n d a r d i z e d  
t e c h n o l o g i c a l  methods o f  s e l e c t i n g  p r o f e s s i o n a l  p i l o t s ,  
d r i v e r s ,  spor t smen  and c a n d i d a t e s  f o r  o t h e r  o c c u p a t i o n s  
where  f i t n e s s  i s  e s s e n t i a l  t o  t h e  j o b  and o f  c h e c k i n g  
r a p i d l y  t h e i r  c a p a c i t y  t o  c a r r y  o u t  t h e i r  p r o f e s s i o n a l  
d u t i e s ;  i n  a d d i t i o n  s t a n d a r d i z e d  methods o f  s e l e c t i n g  
p r o f e s s i o n s  f o r  p a r t i a l l y  d i s a b l e d  p e r s o n s  and  s u f f e r -  
ers from c h r o n i c  d i s e a s e s .  

I n  c o n c l u s i o n ,  it s h o u l d  b e  n o t e d  t h a t  a n  a c c e p t a b l e  model 
o f  h e a l t h  c a r e  s h o u l d  t a k e  i n t o  a c c o u n t  t h e  s t a t u s  and dynamics  
o f  deve lopment  n o t  o n l y  of  i n f o r m a t i o n  and c o n t r o l  s y s t e m s  b u t  
o f  a l l  t y p e s  o f  t e c h n o l o g i c a l  r e s o u r c e s ,  which,  even  a t  p r e s e n t ,  
c o n s t i t u t e  t h e  m a t e r i a l  f o u n d a t i o n  o f  t h e  h e a l t h  c a r e  sys tem.  





The Re la t ionsh ip  Between Medical Resources and Measures 

Of Health: Some Add i t iona l  Evidence 

Joseph P. Newhouse and Sharon Yamasaki 

INTRODUCTION 

One of t h e  most vexing q u e s t i o n s  i n  h e a l t h  s e r v i c e s  r e -  
s ea rch  i s  t h e  r e l a t i o n s h i p  between re sources  devoted t o  pe r sona l  
h e a l t h  s e r v i c e s  and t h e  ou tpu t s  of those  s e r v i c e s .  The pre-  
v a i l i n g  view i n  t h e  United S t a t e s  on t h i s  ma t t e r  may be de-  
s c r i b e d  roughly a s  fo l lows.  Add i t iona l  pe r sona l  h e a l t h  s e r v i c e s  
do l i t t l e ,  i f  anything,  f o r  m o r t a l i t y  and/or morbid i ty .  They 
probably provide  r e l i e f  of a n x i e t y ,  symptomatic r e l i e f ,  o r  prog- 
n o s t i c  informat ion .  What t h e  p a t i e n t  does f o r  o r  t o  himself  
( through smoking, d r ink ing ,  e x e r c i s e ,  s l e e p  and t h e  l i k e )  has 

much more t o  do  wi th  exp la in ing  varying outcomes i n  convent ional  
measures of  h e a l t h  s t a t u s  than  a d d i t i o n a l  pe r sona l  h e a l t h  s e r -  
v i c e s .  

This  view has  been expressed elsewhere by one of t h e  a u t h o r s  
of t h i s  paper (Newhouse, Phelps ,  and Schwartz, 1974) ;  it has prob- 
a b l y  been most f o r c e f u l l y  expressed  by Vic to r  Fuchs (Fuchs; 1972, 
1974a, 1974b). The evidence suppor t ing  t h i s  view t y p i c a l l y  comes 
from r e g r e s s i o n s  of m o r t a l i t y  o r  morbid i ty  r a t e s  on medical  c a r e  
r e sources  a c r o s s  r eg ions  ( f o r  t h e  most p a r t ,  r eg ions  of t h e  USA) 
(Letourmy, 1975; Auster ,  Leveson, Sarachek,  1969; Newhouse, 1968; 
Larmore, 1967).  A s  a  gene ra l  r u l e ,  t h e  a u t h o r s  a r e  not  a b l e  t o  
r e j e c t  t h e  n u l l  hypothes is  of no r e l a t i o n s h i p  a t  convent ional  
l e v e l s  of  s i g n i f i c a n c e .  Moreover, t h e  es t imated  s i z e  of t h e  
e f f e c t  ( i . e . ,  t h e  s i z e  of t h e  r e g r e s s i o n  c o e f f i c i e n t )  d i f f e r s  
l i t t l e  from zero .  A t  t h e  same t ime ,  t h e  e f f e c t  of educat ion  
does  appear i n  t h e s e  s t u d i e s .  The work of Bel loc  and Breslow 
showing t h a t  " h e a l t h  h a b i t s "  such a s  e x e r c i s e ,  smoking, d r i n k i n g ,  
and so  f o r t h  a r e  p r e d i c t i v e  of m o r t a l i t y  i s  a l s o  c o n s i s t e n t  w i th  
t h e  no t ion  t h a t  " l i f e - s t y l e "  may be more impor tant  t h a n  pure ly  
medica l  v a r i a b l e s  (Bel loc  and Breslow; 1972, 1973).  

I n  t h i s  paper,  we i l l u s t r a t e  a  d i f f e r e n t  approach t o  t h e  
problem of a s s e s s i n g  t h e  impact of  medical  c a r e  r e sources  on 
h e a l t h  s t a t u s ,  one we f e e l  has some advantages.  Rather than  
look a t  m o r t a l i t y  o r  morbid i ty  d i r e c t l y ,  we have chosen t o  look 
a t  p h y s i o l o g i c a l  measurements t aken  i n  t h e  United S t a t e s  Health 
Examination Survey. We f e e l  t h i s  approach p o t e n t i a l l y  has  
g r e a t e r  power than  e x i s t i n g  approaches t o  i s o l a t e  t h e  con t r ibu -  
t i o n  t h a t  medical  c a r e  s e r v i c e s  o r  o t h e r  f a c t o r s  can  make t o  
h e a l t h  s t a t u s ,  because one can  focus  on d i s e a s e s  o r  c o n d i t i o n s  
where medical  c a r e  may make a  d i f f e r e n c e .  I f ,  a s  many b e l i e v e ,  



most d i s e a s e s  a r e  e i t h e r  s e l f - l i m i t i n g  o r  i r r e v e r s i b l e  by t h e  
t ime they  a r e  diagnosed,  t h e  s e t  of d i s e a s e s  f o r  which a d d i t i o n a l  
medical  s e r v i c e s  can a f f e c t  m o r t a l i t y  may be smal l .  Add i t iona l ly ,  
most of t h e  i n d i v i d u a l s  wi th  such d i s e a s e s  may r e c e i v e  t r ea tmen t  
even wi th  minimal r e sources .  I n  t h i s  c a s e ,  i f  m o r t a l i t y  from 
a l l  causes  i s  aggregated and regressed  upon medical c a r e  r e -  
sources  and environmental f a c t o r s ,  a s  has been done i n  t h e  l i t e r -  
a t u r e  t o  d a t e ,  t h e  observed e f f e c t  of medical  c a r e  w i l l  be both 
smal l  and hard t o  observe.  By c o n t r a s t ,  t h e r e  may be some d i s -  
eases ,  such a s  hyper tens ion  o r  pe r iodon ta l  d i s e a s e ,  where addi-  
t i o n a l  medical c a r e  r e sources  would make a d i f f e r e n c e .  I f  so ,  
it should be much e a s i e r  t o  measure t h e  c o n t r i b u t i o n  of medical 
c a r e  by focus ing  on t h e  v a r i a t i o n  i n  t h e  prevalence  of such 
problems r a t h e r  than  v a r i a t i o n  i n  m o r t a l i t y  o r  morbid i ty  r a t e s  
from a l l  causes .  The e f f e c t s  of h e a l t h  h a b i t s  may a l s o  be 
c l e a r e r .  

The work r epor t ed  i n  t h i s  paper i s  p re l imina ry  i n  a t  l e a s t  
two r e s p e c t s :  

- We have chosen t o  examine on ly  a l i m i t e d  number of 
phys io log ica l  i n d i c e s  i n  o rde r  t o  a p p r a i s e  t h e  u s e f u l -  
ness  of t h e  approach be fo re  proceeding f u r t h e r ;  

- We have n o t  es t imated  r e l a t i o n s h i p s  between t h e  physio- 
l o g i c a l  measures and subsequent m o r t a l i t y  o r  morbid i ty ,  
a l though one could c l e a r l y  do s o  wi th  l o n g i t u d i n a l  d a t a  
such a s  t h e  Framingham Heart  Study d a t a .  For example, 
i n  o rde r  t o  e s t ima te  t h e  va lue  of reducing blood pres-  
s u r e ,  one would e s t i m a t e  a f u n c t i o n a l  r e l a t i o n s h i p  be- 
tween d i a s t o l i c  blood p res su re  and l i f e  expectancy. 

METHODOLOGY 

We have analyzed d a t a  from t h e  United S t a t e s  Health Exam- 
i n a t i o n  Survey, Cycle I. Th i s  Survey, which i s  d i scussed  i n  
d e t a i l  below, gave screening examinations t o  a random sample of 
t h e  US popula t ion  dur ing  t h e  y e a r s  1959 t o  1962. In  t h i s  paper ,  
we have chosen t o  analyze  t h e  r e s u l t s  from t h i s  examination f o r  
d i a s t o l i c  blood p r e s s u r e ,  serum c h o l e s t e r o l  concen t ra t ion ,  e l ec -  
t rocardiogram eva lua t ion ,  c h e s t  X-ray e v a l u a t i o n ,  v a r i c o s e  v e i n s ,  
and a pe r iodon ta l  index.  Our reasons  f o r  choosing t h i s  d i v e r s e  
l i s t  of  i n d i c e s  a r e  d iscussed  below. 

The Health Examination Survey was conducted among t h e  pop- 
u l a t i o n  of 39 a r e a s  of t h e  USA s e l e c t e d  a t  random (us ing  a 
s t r a t i f i e d  nat ionwide p r o b a b i l i t y  sample, c l u s t e r e d  by c i t y  
s i z e ) .  Each a r e a  c o n s i s t e d  of a  county o r  a  smal l  group of 
cont iguous  coun t i e s .  Our method of procedure i s  t o  r e g r e s s  t h e  
phys io log ica l  i n d i c e s  on measures of t h e  medical r e sources  i n  
an a r e a ,  a s  w e l l  a s  demographic and socio-economic cha rac te r -  
i s t i c s  of t h e  person sampled such a s  age ,  sex ,  r a c e ,  fami ly  
income and educat ion  of t h e  head of household. It is t h e n  



p o s s i b l e  t o  make s t a t emen t s  of  t h e  fo l lowing  kind:  An inc re -  
mental  amount of  medical  r e s o u r c e s  o f  a  s p e c i f i e d  k ind ,  o t h e r  
f a c t o r s  c o n s t a n t ,  can  be  expected t o  reduce  d i a s t o l i c  blood 
p r e s s u r e  by a  g iven  amount. Although we do no t  do s o  i n  t h i s  
paper ,  it i s  a l s o  p o s s i b l e  t o  e s t i m a t e  t h e  consequences f o r  
m o r t a l i t y  and morbid i ty  of  a  g iven  r e d u c t i o n  i n  d i a s t o l i c  blood 
p r e s s u r e .  

An o b j e c t i o n ,  based on d i r e c t i o n  o f  c a u s a l i t y ,  may be  r a i s e d  
about  t h e  above procedure.  S p e c i f i c a l l y ,  it may be  a s s e r t e d  
t h a t  our  phys io log ica l  i n d i c e s  do ,  i n  f a c t ,  measure t h e  h e a l t h  
s t a t u s  of  a n  a r e a ,  bu t  t h a t  demand f o r  medical  s e r v i c e s  i s  high- 
e r  i n  " s i c k e r "  a r e a s ,  and t h e r e f o r e  more r e s o u r c e s  a r e  a v a i l a b l e  
i n  t h o s e  a r e a s  (more phys i c i ans  have chosen t o  p r a c t i c e  t h e r e ;  
more h o s p i t a l  beds have been b u i l t  t h e r e ,  e t c . ) .  Hence, t h e  
e s t ima ted  r e g r e s s i o n  c o e f f i c i e n t s  i n  ou r  procedure a r e  b i a s e d  
upward. 

Two r e sponses  may be  o f f e r e d  t o  t h i s  o b j e c t i o n .  F i r s t ,  t h e  
problem i s  much l e s s  w i t h  s p e c i f i c  h e a l t h  i n d i c e s  t han  wi th  over-  
a l l  m o r t a l i t y  and morbid i ty  r a t e s  because t h e  s p e c i f i c  i n d i c e s  
a r e  n o t  very h i g h l y  c o r r e l a t e d .  Table 1  shows t h e  s imple  co r r e -  
l a t i o n  c o e f f i c i e n t s  between t h e  s i x  i n d i c e s  ( t h e  s c a l i n g  of  t h e  
measures i s  expla ined  below).  Although many of  t h e s e  c o r r e l a -  
t i o n s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t hey  a r e  a l l  r a t h e r  sma l l ,  
i n d i c a t i n g  t h a t  t h e r e  i s  c o n s i d e r a b l e  independent  v a r i a t i o n .  
A s  a  r e s u l t ,  it i s  u n l i k e l y  t h a t  v a r i a t i o n  i n  any one o f  t h e s e  
i n d i c e s  p l a y s  a  l a r g e  r o l e  i n  a t t r a c t i n g  medical  c a r e  r e s o u r c e s  
t o  an a r e a .  I f  s o ,  t h i s  i s  an a d d i t i o n a l  advantage of  u s i n g  
s p e c i f i c  i n d i c e s ,  r a t h e r  t han  an  o v e r a l l  m o r t a l i t y  r a t e  o r  mor- 
b i d i t y  r a t e .  

Desp i t e  t h e  appa ren t  p r o t e c t i o n  a g a i n s t  s i m u l t a n e i t y  t h a t  
working w i t h  many n e a r l y  independent  i n d i c e s  g i v e s ,  we have a l s o  
e s t ima ted  t h e  r e l a t i o n s h i p s  wi th  a  s imul taneous  equa t ion  est ima- 
t o r .  To implement t h i s  approach,  we must assume t h a t  t h e r e  a r e  
c e r t a i n  v a r i a b l e s  ( i n s t rumen ta l  v a r i a b l e s )  i n  ou r  d a t a  base  t h a t  
a f f e c t  t h e  q u a n t i t y  of  medical  c a r e  r e s o u r c e s  i n  an  a r e a ,  b u t  
do no t  a f f e c t  t h e  h e a l t h  s t a t u s  l e v e l s  of t h e  i n d i v i d u a l  obser -  
v a t i o n s  (more p r e c i s e l y ,  t h a t  a r e  independent  of t h e  e r r o r  te rm 
i n  our  e q u a t i o n s ) .  

We next  d e s c r i b e  t h e  Heal th  Examination Survey, d i s c u s s  
t h e  l i s t  of p h y s i o l o g i c a l  i n d i c e s  t h a t  we have chosen t o  s tudy ,  
and d e s c r i b e  o u r  l i s t  of  exp lana to ry  v a r i a b l e s  and in s t rumen ta l  
v a r i a b l e s .  

THE HEALTH EXAMINATION SURVEY 

The Heal th  Examination Survey is  desc r ibed  a t  l e n g t h  i n  a  
p u b l i c a t i o n  of t h e  United S t a t e s  Nat iona l  Center  f o r  Heal th  
S t a t i s t i c s  ( 1 9 6 5 ) .  The Survey examined 6672 i n d i v i d u a l s  (of a  
sample of 7710 i n d i v i d u a l s )  from c i v i l i a n ,  n o n i n s t i t u t i o n a l i z e d  
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popu la t i on  i n  39 a r e a s  from October 1959 t o  December 1962. The 
e x a c t  a r e a s  involved  a r e  shown i n  t h e  Appendix t o  t h i s  paper ;  
t h e y  inc luded  bo th  urban and r u r a l  a r e a s .  The d e s i g n  c a l l e d  f o r  
i n d i v i d u a l s  between t h e  ages  of  18 and 72 t o  be sampled, bu t  i n  
f a c t  i n d i v i d u a l s  between t h e  ages  of  18 and 79 a c t u a l l y  were i n -  
c luded  i n  t h e  sample. 

The d a t a  c o l l e c t e d  inc luded  both  p h y s i o l o g i c a l  measurements 
and demographic and socio-economic in fo rma t ion  based on r e sponses  
g i v e n  a t  a n  i n t e rv i ew .  The p h y s i o l o g i c a l  measures c o l l e c t e d  in -  
c luded:  X-rays of  t h e  c h e s t ,  hands and f e e t ;  h e i g h t ;  weight;  
a i r  conduct ion;  body measurements such a s  s k i n f o l d ;  blood t e s t s  
( i n c l u d i n g  serum c h o l e s t e r o l ,  microhematocr i t  and a modi f ied  
g lucose  t o l e r a n c e  t e s t ) ;  e l ec t roca rd iog ram;  a  d e n t a l  examinat ion;  
and a v i s i o n  examinat ion.  The d a t a  c o l l e c t e d  through an i n t e r -  
view inc luded :  household composi t ion ,  age ,  sex ,  educa t ion  and 
income. 

THE PHYSIOLOGICAL MEASUREMENTS 

The s i x  p h y s i o l o g i c a l  measures we s e l e c t e d  were t h e  same 
s i x  used by Abrahamse and Kisch (1975) from t h e  Heal th  Examina- 
t i o n  Survey d a t a  t o  d e f i n e  t h e i r  Heal th  S t a t u s  Age index of 
h e a l t h .  Abrahamse and Kisch s e l e c t e d  t h e s e  s i x  measures be- 
c a u s e  t hey  w e r e  a l l  s i g n i f i c a n t l y  r e l a t e d  t o  age and because 
t h e y  a l l  appeared r e l a t e d  t o  v a r i o u s  a s p e c t s  of an i n d i v i d u a l ' s  
h e a l t h  s t a t u s .  Abrahamse and Kisch made t h e  fo l lowing  comments 
on t h e i r  r e a s o n s  f o r  choos ing  t h e s e  p a r t i c u l a r  measures: 

- D i a s t o l i c  blood p r e s s u r e  was chosen because of i t s  
demonstrated r e l a t i o n s h i p  t o  t h e  r i s k  of  s t r o k e  and 
myocardial  i n f a r c t i o n ;  

- Serum c h o l e s t e r o l  c o n c e n t r a t i o n  was chosen f o r  two 
r ea sons :  I t  i s  r e l a t e d  t o  r i s k  o f  h e a r t  d i s e a s e ,  and 
it may w e l l  r e f l e c t  a  body ' s  g e n e r a l  me tabo l i c  h e a l t h .  
Abnormal serum c h o l e s t e r o l  l e v e l s  may, i n  f a c t ,  be a s  
much a t o t a l  system d i s o r d e r  a s  a r e  abnormal blood 
g lucose  l e v e l s  i n  d i a b e t i c s ;  

- Elec t rocard iogram a b n o r m a l i t i e s  and abnormal c h e s t  
X-rays have a  s t r o n g  a s s o c i a t i o n  w i t h  d iminished  h e a l t h ;  

- The p re sence  of  v a r i c o s e  v e i n s  i n  t h e  l e g s  ( v a r i c o s i t i e s )  
was i nc luded  i n  t h e  index because t h e s e  v e i n s  may 
r e f l e c t  on t h e  g e n e r a l  s t a t u s  of  t h e  body ' s  c o n n e c t i v e  
t i s s u e s ;  

- A p e r i o d o n t a l  index was inc luded  a s  one of t h e  few ( i f  
n o t  o n l y )  p h y s i c a l  parameters  t h a t  r e f l e c t ,  i n  a  grad-  
u a t e d  manner, p r even t ive -ca re  p r a c t i c e s .  



While t h e  c l i n i c a l  s i g n i f i c a n c e  of  some of  t h e  measures 
chosen ( e . g . ,  v a r i c o s e  v e i n s )  is  a r g u a b l e ,  we have t r e a t e d  each  
component i n d i v i d u a l l y ,  which p e r m i t s  t h e  r e a d e r  t o  i gno re  r e -  
s u l t s  f o r  t h o s e  measures he f e e l s  a r e  of  l i t t l e  o r  no s i g n i f i -  
cance .  Re ta in ing  a l l  s i x  of  t h e  Abrahamse and Kisch measures,  
however, ha s  t h e  a d d i t i o n a l  b e n e f i t  o f  p e r m i t t i n g  an  assessment  
of  medica l  c a r e  r e s o u r c e s  u s i n g  t h e i r  Heal th  S t a t u s  Age measure. 
Th i s  measure is t h e  l i n e a r  combinat ion of t h e  s i x  measures t h a t  
r e s u l t  when age i s  r e g r e s s e d  upon t h e  measures.  Thus, t h e  
Hea l th  S t a t u s  Age v a r i a b l e  i s  s c a l e d  i n  te rms  of  y e a r s ;  when 
compared wi th  a n  i n d i v i d u a l ' s  a c t u a l  age ,  it y i e l d s  t h e  s t a t e -  
ment: "Such an  i n d i v i d u a l  is  young ( o l d )  f o r  h i s  age" .  

I n  s c a l i n g  t h e  p h y s i o l o g i c a l  d a t a ,  we fol lowed t h e  proce-  
d u r e s  employed by Abrahamse and Kisch.  What fo l l ows  i s  t aken  
from t h e i r  d e s c r i p t i o n  of t h e  d a t a .  

D i a s t o l i c  Blood P r e s s u r e  

Documentation provided w i t h  t h e  Heal th  Examination Survey 
d a t a  c o n t a i n s  t h e  fo l lowing  d e s c r i p t i o n  of  t h e  manner i n  which 
d i a s t o l i c  blood p r e s s u r e  r e a d i n g s  were made: 

The average  s y s t o l i c  and d i a s t o l i c  blood pres-  
s u r e  r ead ings  were computed from t h e  t h r e e  blood 
p r e s s u r e  measurements t h a t  were taken .  The f i r s t  
measurement was t a k e n  j u s t  a f t e r  t h e  p h y s i c i a n  met 
t h e  examinee. The second was t aken  midway i n  t h e  
examinat ion,  a f t e r  complet ing t h e  a u s c u l t a t i o n  of  
t h e  h e a r t  i n  t h e  s i t t i n g  p o s i t i o n .  The t h i r d  mea- 
surement  was t a k e n  a t  t h e  end of t h e  p h y s i c a l  
examinat ion.  

Blood p r e s s u r e s  were t a k e n  wh i l e  t h e  examinee 
was s i t t i n g  on t h e  examining t a b l e .  The n u r s e  
p l aced  t h e  middle of  t h e  c u f f  over  t h e  bu lge  i n  t h e  
upper  l e f t  arm. The c u f f  was l e f t  on t h e  arm be- 
tween t h e  f i r s t  and second measurements, was r e -  
moved a f t e r  t h e  second,  and r e t u r n e d  f o r  t h e  t h i r d .  
The p h y s i c i a n  h e l d  t h e  arm a t  t h e  l e v e l  of  t h e  
a t r i u m ,  w i th  t h e  nu r se  r a i s i n g  t h e  Baumanometer t o  
t h e  p h y s i c i a n ' s  eye l e v e l .  Using t h e  b e l l  o f  h i s  
s t e t h o s c o p e ,  t h e  p h y s i c i a n  noted t h e  p r e s s u r e  when 
t h e  sound f i r s t  was hea rd ,  when it f i r s t  became 
muff led ,  and when it d i sappea red .  A l l  t h r e e  mea- 
surements  were recorded .  The p o i n t  a t  which t h e  
Korotkov sounds d i sappea red  was t aken  a s  t h e  d i a -  
s t o l i c  p r e s s u r e .  I f  t h e  sounds d i d  n o t  d i s a p p e a r ,  
t h e  p o i n t  of muf f l i ng ,  i f  d i s t i n c t l y  hea rd ,  was 
used .  S ince  t h e  Baumanometer is s c a l e d  i n  i n t e r -  
v a l s  of  2mrn., measurements were s o  recorded .  

The average  of t h r e e  r e a d i n g s  o n l y  was used.  



Serum C h o l e s t e r o l  C o n c e n t r a t i o n  

Documentat ion p r o v i d e d  w i t h  t h e  H e a l t h  Examina t ion  Survey  
d a t a  c o n t a i n s  t h e  f o l l o w i n g  d e s c r i p t i o n  o f  how serum c h o l e s t e r o l  
c o n c e n t r a t i o n s  were  o b t a i n e d  : 

A blood  specimen was c o l l e c t e d  f rom e a c h  exam- 
i n e e  i n  a  1 5  c c .  Sheppard-Keidel  t u b e .  The t u b e  
was k e p t  a t  room t e m p e r a t u r e  f o r  a  minimum o f  o n e  
hour  f o l l o w i n g  v e n i p u n c t u r e ,  t h e n  r e f r i g e r a t e d  f o r  
a  minimum o f  s i x  h o u r s  t o  a s s u r e  a  good c l o t .  The 
b l o o d  c l o t  was f r e e d  g e n t l y  from t h e  t u b e ,  and t h e  
t u b e  was c e n t r i f u g e d  f o r  t w e n t y  m i n u t e s .  

D e t e r m i n a t i o n  o f  t o t a l  serum c h o l e s t e r o l  con- 
c e n t r a t i o n  was made by a  m o d i f i e d  f e r r i c  c h l o r i d e  
p r o c e d u r e .  The v a l u e s  were  t h e n  c o n v e r t e d  t o  com- 
p a r a b l e  Abe l l -Kenda l l  v a l u e s .  

F o r  some r e a s o n ,  t h e  mg $ v a l u e s  were  recoded  t o  i n t e g e r s  
( 1 , 2 ,  ... ) i n  t h e  H e a l t h  Examina t ion  Survey  d a t a .  We r e c o n v e r t e d  
t h e s e  c o d e s  back i n t o  mg $ v a l u e s ,  b u t  t h e  code- recode  p r o c e d u r e ,  
by  i t s  n a t u r e ,  l e f t  e a c h  v a l u e  rounded o f f  t o  a n  odd 10- - i . e . ,  
v a l u e s  t a k e n  i n  o u r  d a t a  a r e  90, 110,  130,  ... mg $. Out o f  t h e  
6672 r e c o r d s ,  170 c o n t a i n e d  unknown serum c h o l e s t e r o l  l e v e l s ,  
and o n e  was coded above 520 mg $.  These  171 c a s e s  were  e l i m -  
i n a t e d .  

Accord ing  t o  d o c u m e n t a t i o n  p r o v i d e d  w i t h  t h e  H e a l t h  Exam- 
i n a t i o n  Survey  d a t a ,  

The e l e c t r o c a r d i o g r a m  was r e a d  i n d e p e n d e n t l y  
by t h r e e  c a r d i o l o g i s t s  a c c o r d i n g  t o  c e r t a i n  cr i te-  
r i a  t h e y  d e v e l o p e d .  ... The t h r e e  e l e c t r o c a r d i o -  
g r a p h i c  r e a d i n g s  were  compared. Where t h e y  a l l  
a g r e e d ,  t h e  unanimous d e c i s i o n  was used  f o r  subse -  
q u e n t  d i a g n o s i s .  I n  t h e  e v e n t  t h a t  t h e r e  was any  
d i s a g r e e m e n t ,  t h e  t h r e e  r e a d e r s  m e t  w i t h  a  c o o r -  
d i n a t o r  and came t o  a  f i n a l  d e c i s i o n .  

For  o u r  p u r p o s e s ,  a  s i n g l e  dummy v a r i a b l e  was c r e a t e d  i n  
t h e  f o l l o w i n g  way: I f  t h e  f i n a l  summary r e a d i n g  a g r e e d  t o  by 
t h e  t h r e e  c a r d i o l o g i s t s  i n d i c a t e d  a  normal  e l e c t r o c a r d i o g r a m ,  
a  v a r i a b l e  EKG ( t h e  d e p e n d e n t  v a r i a b l e )  was set  e q u a l  t o  z e r o .  
I f  any  a b n o r m a l i t y  was n o t e d ,  EKG was s e t  e q u a l  t o  o n e .  

C h e s t  X-Ray Reading 

X-ray f i l m s  t a k e n  by t h e  H e a l t h  Examina t ion  Survey  w e r e  
i n t e r p r e t e d  by " t h r e e  r a d i o l o g i s t s  w i t h  a  s p e c i a l  i n t e r e s t  i n  



pulmonary d i s e a s e " .  U n l i k e  t h e  EKG r e a d i n g s ,  no a t t e m p t  t o  
r e c o n c i l e  d i f f e r e n t  r e a d i n g s  was r e c o r d e d  i n  t h e  d a t a  b a s e .  
W e  d e f i n e d  a  v a r i a b l e  c a l l e d  XRAY e q u a l  t o  t h e  number o f  r a d i -  
o l o g i s t s  who i n d i c a t e d  a n y t h i n g  abnormal  i n  a  s p e c i f i c  X-ray 
i n t e r p r e t a t i o n .  XRAY t h u s  t a k e s  on t h e  r a n g e  of  v a l u e s  0 , 1 , 2 , 3 .  

V a r i c o s i t i e s  

V a r i c o s i t i e s  were checked f o r  i n  b o t h  l e g s .  W e  coded a  
v a r i a b l e  VARICOSE e q u a l  t o  o n e  i f  e i t h e r  l e g  was o t h e r  t h a n  nor -  
mal.  O t h e r w i s e ,  VARICOSE was set  e q u a l  t o  z e r o .  

P e r i d o n t a l  Index  

The f o l l o w i n g  d e f i n i t i o n  o f  t h e  p e r i o d o n t a l  index  i s  pro-  
v i d e d  w i t h  t h e  H e a l t h  Examina t ion  Survey d a t a :  

A p e r i o d o n t a l  s c o r e  i s  r e c o r d e d  f o r  e a c h  
t o o t h  i n  t h e  mouth, and t h e  a r i t h m e t i c  a v e r a g e  o f  
a l l  s c o r e s  i s  t h e  i n d i v i d u a l ' s  P e r i o d o n t a l  Index .  

Scor  i n a  : 

0--Negative.  T h e r e  i s  n e i t h e r  o v e r t  in f lam-  
m a t i o n s  i n  t h e  i n v e s t i n g  t i s s u e s  n o r  l o s s  
of f u n c t i o n  d u e  t o  d e s t r u c t i o n  of  s u p p o r t -  
i n g  t i s s u e s .  

1--Mild G i n g i v i t i s .  T h e r e  is a n  o v e r t  a r e a  of  
in f lammat ion  i n  t h e  f r e e  g i n g i v a l ,  b u t  t h i s  
a r e a  d o e s  n o t  c i r c u m s c r i b e  t h e  t o o t h .  

2 - - G i n g i v i t i s .  I n f  lammation c o m p l e t e l y  c i r -  
c u m s c r i b e s  t h e  t o o t h ,  b u t  t h e r e  i s  no 
a p p a r e n t  b r e a k  i n  t h e  e p i t h e l i a l  a t t a c h -  
ment.  

6 - - G i n g i v i t i s  w i t h  Pocke t  Format ions .  The 
e p i t h e l i a l  a t t a c h m e n t  h a s  been broken ,  and 
t h e r e  i s  a  pocke t  ( n o t  m e r e l y  a  deepened 
g i n g i v a l  c r e v i c e  d u e  t o  s w e l l i n g  i n  t h e  
f r e e  g i n g i v a l ) .  T h e r e  i s  no i n t e r f e r e n c e  
w i t h  normal m a s t i c a t o r y  f u n c t i o n ,  t h e  t o o t h  
is  f i r m  i n  i t s  s o c k e t ,  and h a s  n o t  d r i f t e d .  

8--Advanced D e s t r u c t i o n  w i t h  Loss of Mas t i -  
c a t o r y  F u n c t i o n .  The t o o t h  may b e  l o o s e ;  
may have  d r i f t e d ;  may sound d u l l  on p e r -  
c u s s i o n  w i t h  a  m e t a l l i c  i n s t r u m e n t ;  may 
be d e p r e s s i b l e  i n  i t s  s o c k e t .  



Scores  on t h e  index f o r  p a t i e n t s  examined ranged from 0  
t o  8.  Nineteen c a s e s  were no t  examined; 1201 c a s e s  were a s s igned  
t h e  s c o r e  9.8. While t h i s  s c o r e  was no t  exp la ined ,  we b e l i e v e  it 
t o  r e p r e s e n t  people  who were examined bu t  had no t e e t h .  We el im- 
i n a t e d  from our  s tudy  t h e  1220 c a s e s  who e i t h e r  were no t  exam- 
ined  o r  who were examined and g i v e n  a  s c o r e  of  9.8. 

THE EXPLANATORY VARIABLES 

The v a r i a b l e s  used i n  t h e  e q u a t i o n s  r e p o r t e d  below f a l l  
i n t o  t h r e e  c a t e g o r i e s  : b i o l o g i c a l  ; medica l  r e s o u r c e s  ; and 
socio-economic. 

The b i o l o g i c a l  v a r i a b l e s  i n c l u d e  age  i n  y e a r s ,  age  squared ,  
and s e x  (O=rnale, l = f e m a l e ) .  These v a r i a b l e s  a r e  inc luded  be- 
c a u s e  of  b i o l o g i c a l  p roces se s  t h a t  r e l a t e  them t o  t h e  physio-  
l o g i c a l  measures, and indeed t h e y  a r e  p r a c t i c a l l y  w i thou t  ex- 
c e p t i o n  s t r o n g l y  r e l a t e d  t o  t h e  measures. Because o u r  i n t e r e s t  
i n  i n c l u d i n g  t h e s e  v a r i a b l e s  is  o n l y  t o  c o n t r o l  f o r  t h e  v a r i a -  
t i o n  a t t r i b u t a b l e  t o  them, we r e p o r t  t h e  r e s u l t s  f o r  t h e s e  v a r i -  
a b l e s  o n l y  i n  t h e  Appendix t o  t h i s  paper .  

The medical  r e sou rce  v a r i a b l e s  i n c l u d e  primary c a r e  physi-  
c ians /100 ,00  popu la t i on ,  o t h e r  p r a c t i c i n g  ~phys ic ians /100 ,000 
popu la t i on ,  and shor t - te rm g e n e r a l  h o s p i t a l  beds/1000 popu la t i on .  
I n  t h e  c a s e  o f  t h e  p e r i o d o n t a l  measure,  den t i s t s /100 ,000  popula- 
t i o n  i s  used i n  t h e  p l a c e  o f  a l l  t h r e e  of t h e  above v a r i a b l e s .  

Primary c a r e  p h y s i c i a n s  a r e  de f ined  a s  p h y s i c i a n s  engaged 
i n  p a t i e n t  c a r e  who a r e  i n  g e n e r a l  p r q c t i c e ,  f ami ly  p r a c t i c e ,  
i n t e r n a l  medicine o r  o b s t e t r i c s  and gynecology. ( P e d i a t r i c i a n s  
a r e  excluded because we a r e  d e a l i n g  wi th  an  a d u l t  popu la t i on . )  
The h o s p i t a l  beds  v a r i a b l e  exc ludes  f e d e r a l  h o s p i t a l s  because 
of  t h e  way t h e  d a t a  a r e  c o l l e c t e d ;  however, s i n c e  f e d e r a l  hos- 
p i t a l s  a r e  a q u i t e  smal l  p r o p o r t i o n  of  t h e  t o t a l ,  t h i s  omiss ion  
i s  of  l i t t l e  s i g n i f i c a n c e .  (For example, i n  1960, b i r t h s  i n  
f e d e r a l  h o s p i t a l s  were f o u r  p e r c e n t  o f  t o t a l  b i r t h s  i n  h o s p i t a l s . )  
D e n t i s t s  a r e  no t  d i v i d e d  i n t o  g e n e r a l  p r a c t i c e  d e n t i s t s  and 
p e r i o d o n t i s t s ,  because ove r  90 p e r c e n t  of  a l l  d e n t i s t s  a r e  gen- 
e r a l  p r a c t i c e  d e n t i s t s .  These medical  r e s o u r c e  v a r i a b l e s  a r e  
measured f o r  t h e  yea r  1964, because t h a t  was t h e  e a r l i e s t  year  
found;  t h e  e r r o r  t h i s  i n t r o d u c e s  should be  n e g l i g i b l e .  

The socio-economic v a r i a b l e s  inc luded  i n  t h e  r e g r e s s i o n s  
r e p o r t e d  below a r e :  educa t ion  of  t h e  f ami ly  head;  f ami ly  i n -  
come; r a c e  (O=white, l=nonwhi te ) ;  and t h e  percentage  of  t h e  
sampling a r e a  t h a t  i s  c l a s s i f i e d  a s  urban.  Educat ion is  mea- 
su red  a s  t h e  h i g h e s t  g r ade  completed i n  school  ( t o  a  maximum 
o f  f i v e  o r  more y e a r s  o f  c o l l e g e ) ,  and i s  measured i n  i n t e r v a l s  
of  none, 1  t o  4 y e a r s ,  5 t o  8  y e a r s ,  9  t o  12 y e a r s ,  1  t o  2  y e a r s  
c o l l e g e ,  3 t o  4  y e a r s  c o l l e g e ,  and over  4  y e a r s  c o l l e g e ;  we 
have used t h e  midpoin t  of  t h e  i n t e r v a l ,  excep t  a t  t h e  upper  



i n t e r v a l ,  w h e r e  5 y e a r s  o f  c o l l e g e  was  u s e d . *  The e d u c a t i o n  o f  
t h e  m a l e  i s  u s e d  i n  t w o - p a r e n t  f a m i l i e s .  E d u c a t i o n  o f  f a m i l y  
h e a d s  i s  h i g h l y  c o r r e l a t e d  w i t h  t h a t  o f  t h e  i n d i v i d u a l  ( r = .  6 9 )  , 
s o  a p e r s o n - s p e c i f i c  e d u c a t i o n  m e a s u r e  would g i v e  s i m i l a r  re- 
s u l t s .  Income i s  measured  i n  i n t e r v a l s :  less t h a n  $500,  500 
t o  999,  1000 t o  1999 ,  2000 t o  2999,  3000 t o  3999 ,  4000 t o  4999,  
5000 t o  6999,  7000 t o  9999,  g r e a t e r  t h a n  9999;  we h a v e  a g a i n  
u s e d  t h e  m i d p o i n t  o f  t h e  i n t e r v a l ,  e x c e p t  f o r  t h e  open-ended 
i n t e r v a l s  w h e r e  $250 a n d  $10 ,000  were u s e d . * *  P e r s o n s  w i t h  
m i s s i n g  v a l u e s  f o r  e d u c a t i o n  a n d  income w e r e  removed;  602 d u e  
t o  m i s s i n g  income,  a n d  297 d u e  t o  m i s s i n g  e d u c a t i o n .  T h e s e  
a l o n g  w i t h  p r e v i o u s  d e l e t i o n s  r e d u c e d  t h e  s a m p l e  s i z e  t o  4664.  
Some p e r s o n s  w e r e  d e l e t e d  f r o m  t h e  s a m p l e  f o r  m u l t i p l e  r e a s o n s .  
The  d e f i n i t i o n  o f  a n  u r b a n  a r e a  i s  complex ,  b u t  a p p r o x i m a t e s  
a c i t y  or  town o f  2500 i n d i v i d u a l s  o r  more .  * * *  

A m e a s u r e  o f  e d u c a t i o n  i s  i n c l o d e d  as t h e  b e s t  m e a s u r e  
a v a i l a b l e  o f  t h e  "knowledge"  a v a i l a b l e  t o  p r o d u c e  " h e a l t h "  
(Grossman,  1 9 7 2 ) .  B e n e f i c i a l  e f f e c t s  o n  h e a l t h  a r e  e x p e c t e d .  
Income i s  i n c l u d e d  a s  a m e a s u r e  o f  r e s o u r c e s  a v a i l a b l e  t o  t h e  
f a m i l y .  I t  p e r h a p s  would b e  p r e f e r a b l e  t o  i n c l u d e  a m e a s u r e  
o f  i ncome  a d j u s t e d  f o r  f a m i l y  s i z e ,  b u t  we h a v e  n o t  d o n e  s o  i n  
t h i s  work .  I n  F u c h s '  work ,  t h e  e f f e c t  o f  income o n  m o r t a l i t y  
h a s  e s s e n t i a l l y  v a n i s h e d  o v e r  t i m e ,  p e r h a p s  b e c a u s e  g r e a t e r  i n -  
come e n g e n d e r s  a less h e a l t h y  l i f e - s t y l e  w h i c h  o f f s e t s  g r e a t e r  
a b i l i t y  t o  p u r c h a s e  m e d i c a l  care. T h e r e f o r e ,  n o  s t r o n g  e f f e c t  
o f  i ncome  i s  e x p e c t e d .  Race  i s  i n c l u d e d  p a r t i a l l y  f o r  b i o l o g i -  
ca l  r e a s o n s ,  a n d  p a r t i a l l y  b e c a u s e  it may r e f l e c t  access t o  
m e d i c a l  care r e s o u r c e s  and  s o c i o - e c o n o m i c  v a r i a b l e s  t h a t  a r e  
n o t  measu red  b y  o t h e r  v a r i a b l e s .  Nonwhi t e s  a r e  e x p e c t e d  t o  h a v e  
p o o r e r  h e a l t h .  The  p e r c e n t a g e  o f  t h e  s a m p l e  l i v i n g  i n  u r b a n  
areas i s  i n c l u d e d  p a r t i a l l y  a s  a m e a s u r e  o f  a c c e s s  t o  m e d i c a l  
care r e s o u r c e s ,  p a r t i a l l y  t o  c o n t r o l  f o r  t h e  s u p p o s e d  " u n h e a l t h -  
i n e s s "  o f  t h e  u r b a n  e n v i r o n m e n t .  B e c a u s e  t h e s e  t w o  e f f e c t s  g o  
i n  o p p o s i t e  d i r e c t i o n s ,  n o  p r e d i c t i o n  i s  made c o n c e r n i n g  t h e  s i g n  
o f  t h i s  v a r i a b l e .  

*The d i s t r i b u t i o n  o f  t h e  s a m p l e  by  e d u c t i o n  i n t e r v a l  i s  none  
1 . 4 $ ,  1 t o  4 y e a r s  6 .25 ,  5 t o  8 y e a r s  25.O%, 9 t o  12 y e a r s  
45 .55,  1 t o  2 y e a r s  c o l l e g e  7 . 4 % ,  3 t o  4 y e a r s  c o l l e g e  9 .2%,  
a n d  o v e r  4 y e a r s  c o l l e g e  5.3%. 

**The d i s t r i b u t i o n  o f  t h e  s a m p l e  b y  income i n t e r v a l  i s  less 
t h e n  $500 2 .05 ,  500 t o  900 4 .55 ,  1000 t o  1999 7 . 7 5 ,  2000 t o  
2999 8 . 4 5 ,  3000 t o  3999 11 .35 ,  4000 t o  4999 11 .85 ,  5000 t o  
6999 22.65,  7000 t o  9999 17 .75 ,  g r e a t e r  t h a n  9999 1 4 . 0 % .  

***For t h e  c o m p l e t e  d e f i n i t i o n ,  see a n y  p u b l i c a t i o n  o f  t h e  
U n i t e d  S t a t e s  1960 C e n s u s  o f  P o p u l a t i o n ,  f o r  example ,  U.S. 
Bureau  o f  t h e  C e n s u s ,  U.S. Census o f  Popula t ion:  1 9 6 0 ,  S u b j e c t  
R e p o r t s :  Socioeconomic S t a t u s ,  F i n a l  R e p o r t  PC ( 2 )  -5C, U.S. 
Government  P r i n t i n g  Of f  ice, Wash ing ton ,  D.C., 1967,  p .  X I I I .  



A  number o f  o t h e r  v a r i a b l e s  i n c l u d e d  i n  c o m p u t a t i o n s  a r e  
n o t  r e p o r t e d  h e r e .  These  i n c l u d e d  t e n  dummy v a r i a b l e s  f o r  
o c c u p a t i o n ,  t e n  dummy v a r i a b l e s  f o r  i n d u s t r y ,  two m a r i t a l  s t a -  
s u s  v a r i a b l e s  ( f o r m e r l y  m a r r i e d  and c u r r e n t l y  m a r r i e d ) ,  f a m i l y  
s i z e  and  whether  t h e  i n d i v i d u a l  was se l f -employed  (which, among 
o t h e r  t h i n g s ,  a f f e c t s  t h e  amount o f  m e d i c a l  i n s u r a n c e  h e l d  i n  
t h e  USA; see P h e l p s ,  1 9 7 3 ) .  None o f  t h e s e  v a r i a b l e s  proved t o  
h a v e  much e x p l a n a t o r y  power, n o r  d i d  t h e  r e s u l t s  r e p o r t e d  below 
change  w i t h  t h e i r  i n c l u s i o n .  I n  t h e  i n t e r e s t s  o f  s i m p l i c i t y ,  
we h a v e  n o t  r e p o r t e d  r e s u l t s  f rom t h e  e s t i m a t e d  e q u a t i o n s  which 
i n c l u d e d  t h e s e  v a r i a b l e s .  

T a b l e  2  p r e s e n t s  t h e  means, s t a n d a r d  d e v i a t i o n s ,  r a n g e ,  and 
number o f  z e r o s  f o r  t h e  v a r i a b l e s  t h a t  were  i n c l u d e d .  

METHODS OF ESTIMATION 

Below we r e p o r t  r e s u l t s  u s i n g  t h r e e  methods o f  e s t i m a t i o n :  
o r d i n a r y  l e a s t  s q u a r e s  (OLS) , two-s tage  l e a s t  s q u a r e s  (TSLS) , 
and  l o g i t .  L o g i t  e q u a t i o n s  were  used  f o r  t h e  two dichotomous 
d e p e n d e n t  v a r i a b l e s :  p r e s e n c e  o r  a b s e n c e  o f  v a r i c o s e  v e i n s  and 
p r e s e n c e  o r  a b s e n c e  o f  a n  abnormal  e l e c t r o c a r d i o g r a m  (EKG) r e a d -  
i n g .  Polytomous methods (Ner love  and P r e s s ,  1973) would have  
been  a p p r o p r i a t e  i n  t h e  c a s e  o f  abnormal  c h e s t  X-rays and t h e  
p e r i o d o n t a l  i n d e x ,  b u t  t h e  c o s t  o f  c o m p u t a t i o n  p r e c l u d e d  t h e i r  
u s e ,  s o  OLS and TSLS were  used .  

The c o n t i n u o u s  v a r i a b l e s ,  d i a s t o l i c  b lood  p r e s s u r e  and 
serum c h o l e s t e r o l  c o n c e n t r a t i o n ,  were  t r e a t e d  u s i n g  a t w o - s t a g e  
p r o c e s s .  Simply u s i n g  a  c o n t i n u o u s  measure  a s  a  dependent  v a r i -  
a b l e  w i l l  n o t  y i e l d  good e s t i m a t e s  o f  t h e  e f f e c t  o f  an  exp lana-  
t o r y  v a r i a b l e  o n  m o r t a l i t y  and /or  m o r b i d i t y ,  i f  m o r t a l i t y  and /or  
m o r b i d i t y  a r e  n o n l i n e a r l y  r e l a t e d  t o  d i a s t o l i c  b lood  p r e s s u r e  
o r  serum c h o l e s t e r o l  c o n c e n t r a t i o n  (which i s  c e r t a i n l y  t h e  c a s e ) .  
Moreover ,  t h e  m e d i c a l  c a r e  p r o c e s s  may t r e a t  o n l y  t h o s e  w i t h  
"abnormal"  b lood  p r e s s u r e s  o r  serum c h o l e s t e r o l  v a l u e s  ( i . e . ,  
t h o s e  a t  e l e v a t e d  r i s k ) .  

A s i m p l e  model would b e  

D i a s t o l i c  BP = Zb + e,  (1 

i f  t h e  i n d i v i d u a l  d i d  n o t  have h i s  b lood  p r e s s u r e  t a k e n  by a  
p h y s i c i a n ,  o r  i f  he  had h i s  b l o o d  p r e s s u r e  t a k e n  b u t  it was 
less t h a n  o r  e q u a l  t o  some c r i t i c a l  v a l u e ;  

D i a s t o l i c  BP = Zb - Trea tment  E f f e c t  (BPo) + e ,  ( 2 )  

i f  t h e  i n d i v i d u a l  had h i s  b lood  p r e s s u r e  t a k e n  by a  p h y s i c i a n  
and  it was g r e a t e r  t h a n  some c r i t i c a l  v a l u e ,  where  D i a s t o l i c  
BP i s  d i a s t o l i c  b lood  p r e s s u r e  o b s e r v e d  i n  t h e  s u r v e y ,  Z i s  a  
v e c t o r  o f  demographic  c h a r a c t e r i s t i c s ,  e is a  random e r r o r  t e r m  
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w i t h  z e r o  mean, and t h e  Trea tment  E f f e c t  i s  t h e  e f f e c t  o n  blood 
p r e s s u r e  o f  any  a n t i h y p e r t e n s i v e  reg imen  t h e  p h y s i c i a n  u s e s .  
The Trea tment  E f f e c t  i s  w r i t t e n  a s  a  f u n c t i o n  o f  t h e  b lood  p r e s -  
s u r e  o b s e r v e d  by t h e  p h y s i c a n  BPo, on  t h e  assumpt ion  t h a t  t h e  

e f f e c t  may b e  g r e a t e r  f o r  t h o s e  who b e g i n  w i t h  h i g h e r  i n i t i a l  
d i a s t o l i c  b lood  p r e s s u r e s .  

One may assume t h a t  t h e  q u a n t i t y  o f  m e d i c a l  r e s o u r c e s ,  
e s p e c i a l l y  p h y s i c i a n s ,  i n  a n  a r e a  a f f e c t s  t h e  p r o b a b i l i t y  t h a t  
a n  i n d i v i d u a l  w i l l  have h i s  b l o o d  p r e s s u r e  t a k e n  by a  p h y s i c i a n .  
I f  one  c o u l d  measure  t h i s  p r o b a b i l i t y ,  one  c o u l d  p r e d i c t  t h e  
number o f  h y p e r t e n s i v e s  who would b e  found ,  and from t h i s  num- 
b e r ,  t h e  number o f  h y p e r t e n s i v e s  who c o u l d  b e  c o n t r o l l e d .  Un- 
f o r t u n a t e l y ,  however,  o n e  c a n n o t  compute t h e  p r o b a b i l i t y  f rom 
t h e s e  d a t a .  

T h e r e f o r e ,  o n e  c a n n o t  s t r a i g h t f o r w a r d l y  e s t i m a t e  E q u a t i o n s  
( 1 )  and ( 2 ) ,  and s o  we have u s e d  t h e  f o l l o w i n g  p r o c e d u r e  t o  
e s t i m a t e  t h e  e f f e c t  o f  a d d i t i o n a l  r e s o u r c e s  o n  t h e  d i s t r i b u t i o n  
o f  b lood  p r e s s u r e .  W e  have  assumed t h a t  i n d i v i d u a l s  a r e  a t  
e l e v a t e d  r i s k  when t h e i r  b lood  p r e s s u r e  i s  g r e a t e r  t h a n  90 i f  
t h e y  a r e  u n d e r  40 y e a r s  o f  a g e ,  95 i f  aged between 40 and 60,  
a n d  100 i f  o v e r  60 (and w i t h  serum c h o l e s t e r o l  c o n c e n t r a t i o n  
g r e a t e r  t h a n  3 0 0 ) .  I n  t h e  f i r s t  s t a g e  o f  o u r  e s t i m a t i o n  pro-  
cess, we e s t i m a t e d  how m e d i c a l  r e s o u r c e s  and  o t h e r  e x p l a n a t o r y  
v a r i a b l e s  a f f e c t  t h e  p r o b a b i l i t y  o f  b e i n g  a t  e l e v a t e d  r i s k .  
T h i s  s t a g e  u s e s  l o g i t  methods.  I n  t h e  second  s t a g e ,  we es t i -  
mated t h e  e f f e c t  o f  o u r  e x p l a n a t o r y  v a r i a b l e s  a p p l i e d  t o  i n d i -  
v i d u a l s  a t  e l e v a t e d  r i s k  and  used  OLS and TSLS.* I n  t h i s  sec- 
ond s t a g e  o f  e s t i m a t i o n ,  we have  assumed f o r  s i m p l i c i t y  t h a t  t h e  
e f f e c t  o f  a d d i t i o n a l  r e s o u r c e s  i s  a  s i m p l e  s h i f t  i n  t h e  l o c a t i o n  
p a r a m e t e r  w i t h i n  t h e  s u b s e t  o f  t h e  p o p u l a t i o n  t h a t  is  a t  e l e v a t e d  
r i s k .  W e  f u r t h e r  assume t h a t  t h e  p r o b a b i l i t y  o f  any i n d i v i d u a l  
a t  e l e v a t e d  r i s k  s e e i n g  a  p h y s i c i a n  and t h e  p h y s i c i a n  managing 
him i s  i n d e p e n d e n t  o f  d i a s t o l i c  b lood  p r e s s u r e  ( p l a u s i b l e ,  s i n c e  
t h e  i n d i v i d u a l  w i l l  n o t  know i n  g e n e r a l  t h a t  h e  i s  a t  e l e v a t e d  
r i s k  u n t i l  h e  sees t h e  p h y s i c i a n ) ,  b u t  t h a t  t h i s  p r o b a b i l i t y  o f  
s e e i n g  t h e  p h y s i c i a n  is d e p e n d e n t  upon t h e  number o f  m e d i c a l  
r e s o u r c e s  i n  t h e  a r e a .  I n  t h i s  p r e l i m i n a r y  work, we have a s -  
sumed t h a t  t h e  r e l a t i o n s h i p  between t h e  p r o b a b i l i t y  t h a t  a  phy- 
s i c i a n  sees a  p a t i e n t  and  manages him and t h e  number o f  r e s o u r c e s  
is  l i n e a r .  

Note  t h a t  t h e  f i r s t  s t a g e  o f  t h i s  p r o c e s s  i s  a l l  t h a t  i s  
n e c e s s a r y  i n  t h e  c a s e  o f  t h e  o t h e r  p h y s i o l o g i c a l  m e a s u r e s  ex- 
amined,  which a r e  dichotomous ( o r  i n  t h e  c a s e s  o f  p e r i o d o n t a l  
d i s e a s e  a n d  c h e s t  X-ray a l r e a d y  s c a l e d  i n  a p p r o x i m a t e  u n i t s ) .  

* I t  would b e  s l i g h t l y  b e t t e r  t o  u s e  T o b i t  w i t h  a  lower  l i m i t  a t  
t h e  c r i t i c a l  v a l u e .  However, s o  few o b s e r v a t i o n s  a r e  e x a c t l y  
e q u a l  t o  t h e  c r i t i c a l  v a l u e  t h a t  t h e  g a i n  f rom T o b i t  is  n o t  
w o r t h  t h e  c o m p u t a t i o n a l  c o s t .  



I n  t h e  c a s e  of t h e  cont inuous  v a r i a b l e s ,  t h e  second s t a g e  e s t i -  
mates t h e  e f f e c t  of medical  r e s o u r c e s  on t h e  mean of t h e  sub- 
s e t  of t h e  popu la t i on  t h a t  i s  a t  e l e v a t e d  r i s k .  Th i s  second 
s t e p  a l l ows  f o r  t h e  p o s s i b i l i t y  t h a t  medical  t r e a t m e n t  may f o r  
some o f  t h e  popu la t i on  only  m i t i g a t e  t h e  problem, no t  e l i m i n a t e  
it; i f  medical  t r e a t m e n t  e l i m i n a t e s  t h e  problem, t hen  c o e f f i -  
c i e n t s  on medica l  r e s o u r c e s  w i l l  be  z e r o  i n  t h e  second s t a g e .  

The two-stage procedure  i s  a n  approximation;  one cou ld  do 
b e t t e r  by d e f i n i n g  a d d i t i o n a l  i n t e r v a l s  and e s t i m a t i n g  t h e  prob- 
a b i l i t y  of an  i n d i v i d u a l  be ing  i n  any p a r t i c u l a r  i n t e r v a l  a s  a  
f u n c t i o n  of  a n  a r e a ' s  medical  r e s o u r c e s  (u s ing  polytomous meth- 
o d s ) ;  i f  t h e  i n t e r v a l s  were s u f f i c i e n t l y  numerous ( i . e . ,  s u f f i -  
c i e n t l y  smal l  i n  s i z e ) ,  one  cou ld  omit  t h e  second s t e p  of  e s t i -  
mat ing  a  w i t h i n - i n t e r v a l  e f f e c t .  I n  t h i s  p r e l imina ry  work, we 
have n o t  pursued t h e  problem t o  t h i s  l e v e l  o f  d e t a i l .  

One o t h e r  l o o s e  end remains t o  be t i e d  up  b e f o r e  we p r e s e n t  
o u r  r e s u l t s .  I n  t h e  two-stage e s t i m a t i o n  p roces s ,  we r e q u i r e  
i n s t r u m e n t a l  v a r i a b l e s  t h a t  a f f e c t  t h e  q u a n t i t y  of medica l  r e -  
sou rces  i n  an  a r e a  b u t  do n o t  a f f e c t  ( o r  a f f e c t  n e g l i g i b l y )  t h e  
p h y s i o l o g i c a l  measures. The t h r e e  v a r i a b l e s  used a r e  t h e  median 
income o f  t h e  a r e a ,  t h e  pe rcen tage  of t h e  a d u l t  popu la t i on  t h a t  
completed h igh  school  ( r e c a l l  t h a t  bo th  household s p e c i f i c  i n -  
come and  educa t ion  v a r i a b l e s  a r e  inc luded  a s  exp lana to ry  v a r i -  
a b l e s ) ,  and a  dummy v a r i a b l e  i n d i c a t i n g  t h e  p re sence  o r  absence  
o f  a  medical  school  i n  an  a r e a .  The l a t t e r  v a r i a b l e  could  argu- 
a b l y  a f f e c t  t h e  q u a l i t y  o f  medical  c a r e  and through t h a t  t h e  
observed  p h y s i o l o g i c a l  measures;  however, we have assumed t h a t  
t h i s  e f f e c t  i s  smal l .  I n  any e v e n t ,  we do n o t  r e l y  s t r o n g l y  
upon t h e  two-stage l e a s t  s q u a r e s  r e s u l t s  i n  suppor t i ng  o u r  con- 
c l u s i o n s .  

THE RESULTS 

Table  3  shows r e s u l t s  f o r  t h e  medica l  r e s o u r c e  v a r i a b l e s ;  
complete  e q u a t i o n s  may be found i n  t h e  Appendix. The o n l y  sub- 
s t a n t i a l  b e n e f i c i a l  e f f e c t  i s  t h a t  of  a d d i t i o n a l  h o s p i t a l  beds 
on t h e  p reva l ence  of  v a r i c o s e  v e i n s ;  t h e  e l a s t i c i t y  i s  -0.43, 
and t h e  c o e f f i c i e n t  i s  s i g n i f i c a n t  i n  every  s p e c i f i c a t i o n  and 
e s t i m a t i o n  method used .  Another measure of t h e  impact i s  t h e  
c o e f f i c i e n t  i t s e l f ;  each  increment  of  0.6 i n  beds p e r  thousand 
r educes  t h e  p r o b a b i l i t y  o f  v a r i c o s e  v e i n s  by about  one pe rcen tage  
p o i n t .  The o n l y  o t h e r  appa ren t  b e n e f i c i a l  e f f e c t  of  medica l  
c a r e  r e s o u r c e s  i s  t h a t  more nonprimary c a r e  p h y s i c i a n s  i n  a n  
a r e a  a r e  a s s o c i a t e d  w i t h  a  lower p reva l ence  of  abnormal c h e s t  
X-rays. However, t h e  e f f e c t  i s  sma l l ;  t h e  e l a s t i c i t y  i s  a  low 
-.08. There a r e  two s t a t i s t i c a l l y  s i g n i f i c a n t  c o e f f i c i e n t s  wi th  
a  p o s i t i v e  ( i . e . ,  "wrong") s i g n ,  nonprimary c a r e  p h y s i c i a n s  i n  
t h e  c a s e  o f  t h e  preva lence  o f  hype r t ens ion  and h o s p i t a l  beds 
i n  t h e  c a s e  o f  abnormal c h e s t  X-rays. However, n e i t h e r  c o e f f i -  
c i e n t  i s  s i g n i f i c a n t  i n  t h e  two-stage l e a s t  squa re s  r e s u l t s ,  
sugges t ing  t h a t  s i m u l t a n e i t y  may be p r e s e n t  i n  t h e  OLS r e s u l t s .  
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Table  4 shows r e s u l t s  from s e l e c t e d  equa t ions  f o r  t h e  edu- 
c a t i o n  and income v a r i a b l e s .  Education has  l a r g e  and s t a t i s t i -  
c a l l y  s i g n i f i c a n t  b e n e f i c i a l  e f f e c t s  f o r  t h e  prevalence  o f  hyper- 
t e n s i o n  and t h e  prevalence  of p e r i o d o n t a l  d i s e a s e .  I n  t h e  c a s e  
of  hyper tens ion ,  t h e  e l a s t i c i t y  wi th  r e s p e c t  t o  educa t ion  i s  - .44,  
and i n  t h e  c a s e  of t h e  pe r iodon ta l  s c a l e ,  it is -.59. The p e r i -  
odon ta l  s c a l e  has no n a t u r a l  u n i t s ,  s o  t h e  e l a s t i c i t y  i s  t h e  b e s t  
measure of t h e  size of  t h e  e f f e c t ;  i n  t h e  c a s e  of hype r t ens ion ,  
each a d d i t i o n a l  two y e a r s  of educa t ion  reduces  t h e  p r o b a b i l i t y  
of hyper tens ion  by about  one percentage  p o i n t .  There is a l s o  a  
s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  o f  educa t ion  on  t h e  prevalence  
of abnormal c h e s t  X-rays, bu t  t h e  e l a s t i c i t y  is r e l a t i v e l y  sma l l ,  
-.06. The summary measure of  a l l  s i x  i n d i c e s ,  Abrahamse and 
Ki sch ' s  h e a l t h  s t a t u s  age index,  i s  s i g n i f i c a n t l y  reduced by 
a d d i t i o n a l  educat ion ,  a l though t h e  e f f e c t  i s  not  l a r g e ;  an  addi -  
t i o n a l  f i v e  yea r s  of  educa t ion  makes an i n d i v i d u a l  roughly one 
year  " h e a l t h i e r "  t han  i s  average  f o r  h i s  age group.  

Income has  s i g n i f i c a n t  e f f e c t s  on ly  on t h e  pe r iodon ta l  
d i s e a s e  s c a l e ,  where t h e  e l a s t i c i t y  i s  -0.34 and t h e  h e a l t h  
s t a t u s  age measure; however, t h e  e f f e c t  of  income on t h i s  l a t t e r  
measure i s  smal l .  The e l a s t i c i t y  is -.02; an  a d d i t i o n a l  US 
$8000 of income (1960 US d o l l a r s )  would make a n  i n d i v i d u a l  
roughly one year  h e a l t h i e r  t h a n  h i s  age group. 

Table 5 shows t h e  e f f e c t s  of t h e  percentage  of t h e  popula- 
t i o n  l i v i n g  i n  an urban a r e a  and t h e  e f f e c t  of r a c e .  I n  both  
c a s e s ,  t h e  e f f e c t s  a r e  mixed. There is a  b e n e f i c i a l  e f f e c t  from 
u r b a n i z a t i o n  i n  t h e  c a s e  of  hyper tens ion  and nega t ive  e f f e c t s  i n  
t h e  c a s e  o f  c h e s t  X-rays and v a r i c o s e  ve ins .  Nonwhites have a  
much h igher  p r o b a b i l i t y  of having hyper tens ion  and abnormal 
e l ec t roca rd iog ram read ings  t h a n  wh i t e s ,  .13 i n  t h e  c a s e  o f  hyper- 
t e n s i o n ,  and .16 i n  t h e  c a s e  of t h e  e lec t rocard iogram.  However, 
nonwhites do b e t t e r  t han  wh i t e s  i n  t h e  c a s e  of  abnormal c h e s t  
X-rays and v a r i c o s e  ve ins ;  they  have a  t e n  percentage  p o i n t  smal le r  
l i k e l i h o o d  of  having an  abnormal c h e s t  X-ray, and a  f i v e  percent -  
age p o i n t  smal le r  l i k e l i h o o d  of having v a r i c o s e  ve ins .  Th i s  f i n d -  
i ng  was unexpected, b u t  appea r s  robus t  a g a i n s t  changes i n  s p e c i f i -  
c a t i o n  and e s t i m a t i o n  method. 

DISCUSSION 

The r e s u l t s  r epo r t ed  a r e  c o n s i s t e n t  w i th  t h e  view t h a t - - i n  
t h e  USA a t  least--what  a n  i n d i v i d u a l  does  f o r  himself  i s  prob- 
a b l y  more impor tant  t o  h i s  h e a l t h  t h a n  t h e  q u a n t i t y  o f  medical  
c a r e  r e sources ,  wh i l e  t h e  b e n e f i c i a l  e f f e c t  of a d d i t i o n a l  educa- 
t i o n  is q u i t e  n o t i c e a b l e  i n  t h e  c a s e  of  hyper tens ion  and p e r i -  
odon ta l  d i s e a s e .  i 

The l ack  of e f f e c t  o f  medical  c a r e  r e sources  on phys io logi -  
c a l  measures of  h e a l t h  must be q u a l i f i e d  because t h e  d a t a  a r e  
from 1960, and medical technology h a s  progressed  i n  t h e  i n t e r -  
vening 15 yea r s ,  e s p e c i a l l y  i n  t h e  a r e a  of  a n t i h y p e r t e n s i v e  
drugs .  However, p a r t i c u l a r l y  noteworthy from t h e  viewpoint  of  
t h e  l a c k  o f  e f f i c a c y  of  a d d i t i o n a l  medical  c a r e  r e sources  i s  i 
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t h e  l a c k  of a s s o c i a t i o n  between t h e  p reva l ence  of p e r i o d o n t a l  
d i s e a s e  and t h e  number of d e n t i s t s  i n  an a r e a .  S ince  periodon- 
t a l  d i s e a s e  can  be  prevented by r e g u l a r  c l e a n i n g  of  t h e  t e e t h ,  
it i s  s u r p r i s i n g  t h a t  t h e r e  is no a s s o c i a t i o n  between t h e  num- 
be r  of  d e n t i s t s  and p e r i o d o n t a l  d i s e a s e .  I t  might  be argued 
t h a t  t h e  number of  d e n t i s t s  i n  an  a r e a  r e f l e c t s  demand f o r  s e r -  
v i c e s  and t h a t  t h e  income and educa t ion  v a r i a b l e s  a r e  measuring 
t h i s  v a r i a t i o n  i n  demand. However, t h e r e  w i l l  be v a r i a t i o n  i n  
supply  t h a t  i s  independent  of  demand (due t o  v a r i a t i o n  i n  loca-  
t i o n  p r e f e r e n c e s ,  f o r  example) ; fu r the rmore ,  educa t ion  and in -  
come w i l l  n o t  comple te ly  e x p l a i n  demand. Thus, t h i s  argument 
canno t  e x p l a i n  t h e  l a c k  of  a s s o c i a t i o n .  I t  might a l s o  be  argued 
t h a t  where t h e r e  a r e  few d e n t i s t s  t h e r e  a r e  many d e n t a l  h y g i e n i s t s ,  
s o  t h a t  t h e r e  i s  l e s s  v a r i a t i o n  i n  t o t a l  d e n t a l  manpower t h a n  i n  
d e n t i s t s .  T h i s  hypo thes i s  i s  be ing  i n v e s t i g a t e d  f u r t h e r ;  how- 
e v e r ,  it i s  u n l i k e l y  t h a t  t h e  number of h y g i e n i s t s  employed i n  
1960 was l a r g e  enough, e s p e c i a l l y  i n  a r e a s  w i t h  few d e n t i s t s ,  
t o  account  f o r  t h e s e  r e s u l t s .  I t  i s  more l i k e l y  t h a t  s imply 
i n c r e a s i n g  t h e  supply  of  d e n t i s t s  does  r e l a t i v e l y  l i t t l e  t o  t h e  
f r a c t i o n  of  t h e  popu la t i on  t h a t  u t i l i z e s  p r e v e n t i v e  d e n t i s t r y .  

I n  c o n t r a s t  t o  t h e  e f f e c t  of d e n t i s t s  on pe r iondon ta l  d i s -  
e a s e ,  t h e  e f f e c t s  of  educa t ion  and income on p e r i o d o n t a l  d i s -  
e a s e  a r e  marked. I t  i s  hypothes ized  t h a t  t h o s e  w i t h  h ighe r  edu- 
c a t i o n  do  u t i l i z e  p reven t ive  d e n t a l  c a r e ;  it is a l s o  w e l l  known 
t h a t  i n  t h e  United S t a t e s  v i s i t  r a t e s  t o  d e n t i s t s  a r e  s t r o n g l y  
c o r r e l a t e d  w i t h  income. See ing  t h e  d e n t i s t  more f r e q u e n t l y  
would t h u s  appear  t o  reduce  p e r i o d o n t a l  d i s e a s e .  

The c o n t r a s t i n g  l a c k  o f  a s s o c i a t i o n  between income and t h e  
o t h e r  f i v e  p h y s i o l o g i c a l  measures i s  a l s o  s u g g e s t i v e .  I n  1960 
v i s i t  r a t e s  t o  a  phys i c i an  r o s e  s t e a d i l y  w i th  income ( t h i s  i s  
no longe r  t r u e ) .  Yet t h e r e  i s  no n o t i c e a b l e  e f f e c t  on t h e  f i v e  
p h y s i o l o g i c a l  measures from t h o s e  a d d i t i o n a l  v i s i t s .  I t  i s  
q u i t e  p o s s i b l e ,  o f  c o u r s e ,  t h a t  a d d i t i o n a l  income induced changes 
i n  l i f e - s t y l e  i n i m i c a l  t o  h e a l t h  ( e . g . ,  more smoking),  b u t  t h e  
r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  view t h a t  p r e v e n t i v e  medica l  
c a r e ,  a t  l e a s t  i n  1960, was n o t  very  e f f i c a c i o u s  f o r  a d u l t s .  

CONCLUSION 

Seve ra l  s t u d i e s  of  m o r t a l i t y  and a  few s t u d i e s  of morb id i ty  
have concluded t h a t  t h e  e f f e c t  of  a d d i t i o n a l  medical  c a r e  r e -  
sou rces  on m o r t a l i t y  and morb id i ty  was sma l l ,  i f  it e x i s t e d  a t  
a l l .  However, t h i s  conc lus ion  was s u s p e c t  because m o r t a l i t y  
appea r s  t o  be a  r e l a t i v e l y  i n s e n s i t i v e  measure of  outcome; i n  
o t h e r  words, t h e  power of s t a t i s t i c a l  t e s t s  when m o r t a l i t y  i s  
used a s  a  dependent  v a r i a b l e  might n o t  be g r e a t .  A s  a  r e s u l t ,  
t h i s  s t udy  u t i l i z e d  p h y s i o l o g i c a l  measures of  h e a l t h  s t a t u s ,  
a t  l e a s t  some of which ( e . g . ,  hype r t ens ion )  a r e  known t o  be  pre-  
d i c t i v e  of m o r t a l i t y .  I t  was thought  t h a t  e f f e c t s  of medical  
c a r e  r e s o u r c e s  t h a t  might be concea led  i n  t h e  v a r i a t i o n  of  an 
agg rega t e  m o r t a l i t y  r a t e  would appear  i f  one looked a t  p a r t i c u l a r  



phys io log ica l  measures; a d d i t i o n a l l y ,  t h e  s imul t ane i ty  problem 
( i . e . ,  more r e sources  l o c a t i n g  where "hea l th  s t a t u s "  is poorer)  
should be much l e s s  seve re  when looking a t  ind iv idua l  measures. 

Our r e s u l t s  suppor t  t h e  conclus ions  of t h e  s t u d i e s  of mor- 
t a l i t y  and morbidi ty ;  the  e f f e c t  of a d d i t i o n a l  medical c a r e  r e -  
sources  appears small  t o  vanishing p o i n t .  I t  is p o s s i b l e  t h a t  
t h i s  conclus ion would need t o  be modified i f  d a t a  from more r e -  
c e n t  yea r s  were used; d a t a  from a  s i m i l a r  survey made roughly 
a  decade a f t e r  t h e  survey used i n  t h i s  paper w i l l  be a v a i l a b l e  
soon and w i l l  p e r m i t ' t e s t i n g  f o r  t h e  e f f e c t s  of  t echno log ica l  
change i n  medicine. 
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APPENDIX TABLE A-3 

COMT'LETE ISQUATIOKS , 
PREVALENCE 01: IZUMOR?MI. EKG 

COEFFICIENTS AXD ABSOI.UTE VN.UES OF t-STATISTICS 

E s t i m a t i o n  Elcthod 
~ o g i t  ~ o g i t  OLS T S L S ~  

Pr imary Care  
P h y s i c i a n s f  
100,000 

Othe r  P h y s i c i a n s }  
lOC),c?'SO 

3edsilOGO 

Educa t ion  of 
Head (Years)  

Inconc ( $ )  

Race (1-h'unwhite) 

P e r c e n t a g e  of 
P o p u l a t i o n  Urban 

Sex.  ( l=Fernale) 

Cons t an t  

c a s e  o f  TSLS, v a l u e s  g i v e n  b e n e a t h  c o e f f i c i e n t s  a r e  
a s y m p t o t i c a l l y  normal v a r i a t e s .  R* is between a c t u a l  and 
e s t i m a t e d  dependent  v a r i a b l e .  



APPENDIX TABLE A-4 

COMPLETE EQUATIONS, 
PREVALENCE OF ABNOIUAL CIICST X-RAY 

COEFFICIENTS AND ABSOLUTE VALUES OF t-STATISTICS 

E s t i m a t i o n  Method 

OLS TSLS' OLS OLS 

Pr imary  Care  
P h y s i c i a n s /  
100,000 

Othe r  P h y s i c i a n s /  
100,oL)L) 

Educa t ion  of  
Head (Years)  

Income ( $ )  

Race ( l=Nonwhi te)  

P e r c e n t a g e  o f  
P o p u l a t i o n  Urban 

Sex ( l=Female)  . 1 5  .099 .16 .16 
(5 .37 )  (2 .06)  (5 .49)  (5 .46)  

C o n s t a n t  2 ;07  -.55 2.28 2.20 
(15.43) (. 39) (18 .18)  (17.75) 

R~ .046 .006 .041 .045 

a ~ n  c a s e  o f  TSLS, v a l u e s  g i v e n  b e n e a t h  c o e f f i c i e n t s  a r e  
a s y m p t o t i c a l l y  normal  v a r i a t e s .  R~ is  between a c t u a l  and 
e s t i m a t e d  dependent  v a r i a b l e .  



APPENDIX TABLE A-5 

COMPLETE EQUATIONS, 
PREVALENCE OF VARICOSE VEINS 

COEFFICIENTS AND ABSOLUTE VALUk:S OF t-STATISTICS 

Estinntjon Method 

~ o g i  t ~ogit OLS OLS TSI,S' 
- 

Primary Care .0028 - - .O0034 . C037 
Physicians/ (.a21 (. 82) ( . 5 8 )  
100,000 

Other Physicians/ -.go058 - - -. 000068 .0031 
100,000 (.47) (.(17) (1.28) 

Beds/1000 -.I4 -.I3 -.015 -.Ill7 -. 18 
(2.91) (2.94) (2.94) (2.91) (2.59) 

Education of -.021 -. 021 -.0024 -.OO25 -.0025 
Head (Years) (1.62) (1.59) (1.59) (1.62) (1.38) 

Income ($)  -.0000092 -.0000087 -.0000010 -.0000011 -.0000056 
(.51) (-48) (.51) (1.90) 

Race (l=Nonwhite) -.42 -.42 -. 050 -. 050 -.093 
(3.. 11) (3.10) (3.10) (3.11) (3.40) 

Percentage of .0042 .0042 .00050 .00049 -.0013 
Population Urban (2.05) (2.70) (2.70) (2.05) (1.60) 

(Age)' .0010 .0010 .00012 .00012 ,00012 
(5.22) (5.20) (5.20) (5.22) (4.24) 

Sex (l=Female) .81 .81 .096 .096 .11 
(9.49) (9.51) (9.51) (9.49) (7.67) 

Constant -3.34 -3.30 .012 .0083 .72 
(8.26) (8.32) (.26) (. 17) (1.71) 

R~ .14 .14 .14 .14 .05 

F 73.74 92.11 92.11 73.74 - 

a ~ n  case of TSLS, values given beneath coefficients are 
asymptotically normal variates. R~ is between actual and 
estimated dependent variable. 



A p p e n d i x  T a b l e  A-6 

COZ.1PLETE EQUATIONS, PERIODONTAL DISEASE, COEFFICIENTS, 
AND ABSOLUTE VALUE OF' L-STATISTICS 

E s t i m a t i o n  Method 

OLS T S L S ~  

E d u c a t i o n  o f  Head ( y e a r s )  -.068 - .068  
(10.06) ( 1 0 . 1 2 )  

Income ($)  

Race  ( l = n o n w h i t e )  

P e r c e n t a g e  of  P o p u l a t i o n  - .0010  -. 0 0 2 0  
Urban (1.11) ( 1 . 7 5 )  

S e x  ( l = f e m a l e )  

C o n s t a n t  

"1n c a s e  of TSI,S, v a l u e s  g i v e n  b e n e a t h  c o e f f i c i e n t s  a r e  a s y m p t o t i c a l l y  
n o r m a l  v a r i a t c s .  K~ i s  b e t w e e n  a c t u a l  a n d  e s t i m a t e d  d c p e n d e n t  v a r i a b l e .  



Appendix T a b l e  A-7 

COWLETE EQUATIOKS 
ABMHDISE-KISCI: HE\LTH S1'i\T'JS ACE ISDEX, 

COEFFICIENTS XUD zUSOLUTE VALUES 09 t-STATISTICS 

E s t i m a t i o n  Method 

OLS TSLS" 

Pr imary Case P h y s i c i a n s /  
100,000 

Othe r  P h y s i c i a n s / 1 0 0 , 0 0 0  

Educa t ion  of Head (Yea r s )  

Income ($ )  

Race ( l = n o n v h i t e )  

P e r c e n t a g e  of P o p u l a t i o n  
Urban 

Sex ( l z f e m a l e )  

C o n s t a n t  

R~ 

c a s e  o f  TS1,S. v a l u e s  g i v e n  b e n e a t h  c o e f f i c i e n t s  a r e  a s y m p t o t i c a l l y  
2 

normal  v a r i a t e s .  R is between a c t u a l  and e s t i m a t e d  dependen t  v a r i a b l e *  



APPENDIX TABLE A-8 

AREAS I N  THE HEALTH EXAMINATION SURVEY'S SAMPLE* 

Caravan I Caravan I1 

Phi lade lph ia ,  Pennsylvania (During t h e  e a r l y  p a r t  of  t h e  Health 

Valdosta ,  Georgia 

Akron, Ohio 

Muskegon, Michigan 

Chicago, I l l i n o i s  

B u t l e r ,  Missouri 

Midland, Texas 

Los Angeles, C a l i f o r n i a  

San J o s e ,  C a l i f o r n i a  

San Franc isco ,  C a l i f o r n i a  

Grand Coulee, Washington 

Minneapolis,  Minnesota 

Chicago, I l l i n o i s  

D e t r o i t ,  Michigan 

F o r t  Wayne, Indiana 

York, Pennsylvania 

New York, New York 

New York, New York 

Bal t imore,  Maryland 

Nashvi l l e ,  Tennesse 

Euf a u l a  , Alabama 

Cl in ton ,  Louisiana 

Newport, Arkansas 

Topeka, Kansas 

Boston, Massachusetts 

Conway, South Caro l ina  

Winslow, Arizona 

Examination Survey only one Mobile 
Examination Center  was used.) 

12. Washburn, Wisconsin 

13. Minneapolis,  Minnesota 

14. Chicago, I l l i n o i s  

15. D e t r o i t ,  Michigan 

17. Auburn, New York 

19. Biddeford, Maine 

20. New York, New York 

23. Bal t imore,  Maryland 

25. Oxford, Miss i ss ipp i  

26. Savannah, Georgia 

29. San Antonio, Texas 

31. Kennett,  Missouri 

33. L o u i s v i l l e ,  Kentucky 

34. Providence, Rhode I s land  

36. Carbondale, I l l i n o i s  

38. Columbus, Ohio 

40. P i t t s b u r g h ,  Pennsylvania 

41. Newport News, V i r g i n i a  

42. Rocky Mount, North Carol ina 

Source: US National  Center  f o r  
Health S t a t i s t i c s  (1965).  

*Three s e p a r a t e  samples were drawn i n  New York C i t y ,  and two were drawn i n  
Chicago; t h u s  t h e  a c t u a l  number o f  d i s t i n c t  a r e a s  involved i n  t h e  survey was 39. 



Mathematical Modeling and t h e  Goal of Health Care System 

A.A. Blyusin and M.A. Schnepps-Schneppe 

The s imulat ion model of t h e  h e a l t h  c a r e  system has one 
drawback, namely, t h a t  it i s  not  c l e a r  how t o  use it f o r  dec i -  
s i o n  making i n  h e a l t h  c a r e  management. It w i l l  produce ind i -  
c a t o r s  by t h e  hundred. I f  we s imulate  two ve rs ions  of t h e  same 
measure we s h a l l  ob ta in  two s e t s  of output  i n d i c a t o r s .  Typi- 
c a l l y ,  one ve r s ion  w i l l  g ive  a  b e t t e r  performance over some of 
t h e  i n d i c a t o r s  and t h e  o t h e r  ve r s ion  w i l l  be b e t t e r  over o the r  
i n d i c a t o r s .  Such d i f f i c u l t i e s  w i l l  a r i s e  when comparing a  mere 
two ve rs ions  but  h e a l t h  c a r e  management f a c e s  problems which in- 
volve  s e l e c t i n g  from a  s e t  of ve r s ions  t h a t  p resen t  a  continuum. 
Thus, we g e t  i n t o  t h e  s i t u a t i o n  which t h e  well-known exper t  i n  
opera t ions  a n a l y s i s  Professor  T.C. Koopmans (USA) c a l l e d  " t h e  
procedural  s t u p i d i t y "  when " the  a n a l y s t  d e l i v e r s  t h e  mountain 
of r e s u l t s  t o  t h e  customer leaving him i n  profound confusion 
be fo re  a  mass of equivalent  dec i s ions" .  

To he lp  t h e  customer--in our  c a s e  a  h e a l t h  c a r e  adminis t ra-  
tor--we must develop a  s i n g l e  comprehensive i n d i c a t o r  ( c r i t e r i o n ,  
index) whereby one ve r s ion  of a  h e a l t h  c a r e  measure could be 
judged p r e f e r a b l e  t o  t h e  o t h e r  ve r s ions ;  and use  computers t o  
s e l e c t  from t h e  mul t i tude  of a v a i l a b l e  ve r s ions  t h e  ve r s ion  f o r  
which t h a t  i n d i c a t o r  reaches i t s  extreme value .  

I n  r e c e n t  years ,  t h e  World Health Organization has devoted 
considerable.  e f f o r t s  t o  f inding such a  comprehensive c r i t e r i o n  
f o r  measuring t h e  e f f i c i e n c y  of h e a l t h  c a r e  programs. A t  t h e  
opening of t h e  t e c h n i c a l  d i scuss ion  commemorating WHO'S 25th 
anniversary  i n  1972, Professor  E .  Amundsen s t r e s s e d  t h e  need t o  
d e f i n e  t h e  primary o b j e c t i v e  which must be taken i n t o  account 
a t  a l l  t h e  s t a g e s  of publ ic  h e a l t h  planning and which must guar- 
an tee  t h a t  t h e  pub l i c  h e a l t h  system should make an optimum con- 
t r i b u t i o n  t o  t h e  development of soc ie ty .  The summary of t h i s  
d i scuss ion  po in t s  ou t  t h a t  t h e  i n d i c a t o r s  used a t  p resen t  i n  t h e  
pub l i c  h e a l t h  (such a s  t h e  r a t i o  of physic ians  t o  t h e  popula t ion,  
t h e  number of t h e  h o s p i t a l  beds per 1000 popula t ion,  t h e  a v a i l -  
a b i l i t y  of medical personnel)  show only t h e  p o t e n t i a l i t i e s  but 
do no t  desc r ibe  t h e  r e s u l t s .  

The p a r t i c i p a n t s  i n  t h e  d i scuss ion  were r i g h t  i n  c r i t i c i z -  
ing t h e  above i n d i c a t o r s  but  they came t o  t h e  conclusion t h a t  
" t h e  u n i v e r s a l  i n d i c a t o r  seems t o  be impossible t o  develop".  

We cannot accept such a  pess imis t i c  conclusion and t h e  
aim of t h i s  paper i s  t o  formulate an o b j e c t i v e  of publ ic  h e a l t h  



and a  s i n g l e  c r i t e r i o n  o f  h e a l t h  c a r e  management stemming from 
it, i n  a d d i t i o n  t o  a n  i n d i c a t o r  o f  t h e  r e l a t i v e  e f f i c i e n c y  of  
t h e  measures  and f u n c t i o n s  o f  t h e  h e a l t h  c a r e  sys tem.  

I t  i s  s u g g e s t e d  t h a t  t h e  main o b j e c t i v e  o f  h e a l t h  c a r e  is  
t h e  maximiza t ion  o f  man-years weigh ted  by t h e i r  v a l u e  f o r  s o c i -  
e t y  t a k i n g  i n t o  a c c o u n t  h u m a n i t a r i a n  p r i n c i p l e s  and o t h e r  l i m -  
i t a t i o n s  a c c e p t e d  i n  any g i v e n  c o u n t r y .  

F i g u r e  1 i l l u s t r a t e s  o u r  c o n c e p t  o f  t h e  h e a l t h  c a r e  ob- 
j e c t i v e .  The r e s o u r c e s  a l l o c a t e d  by s o c i e t y  f o r  h e a l t h  c a r e  
a r e  d i s t r i b u t e d  among t h e  i n d i v i d u a l  f u n c t i o n s  and measures  o f  
t h e  sys tem.  These  i n f l u e n c e  t h e  r a t e  o f  f l o w s  ( t r a n s i t i o n s )  
between v a r i o u s  g r o u p s  based  o n  h e a l t h  s t a t u s  and hence ,  t h e  
number o f  i n d i v i d u a l s  who a r e  a t  any  moment i n  one  of t h e  f o l -  
lowing  g r o u p s :  " h e a l t h y  i n d i v i d u a l s " ,  " l a t e n t  s i c k " ,  " p a t i e n t s  
and i n c a p a c i t a t e d  i n d i v i d u a l s "  and "dead".  I n d i v i d u a l s  a r e  
assumed t o  e n t e r  t h e  g r o u p  o f  "dead" a t  t h e  moment o f  d e a t h  
and t o  remain  i n  it d u r i n g  t h e i r  u n l i v e d  y e a r s .  

I n  any  g r o u p ,  e x c e p t  t h a t  o f  h e a l t h y  i n d i v i d u a l s ,  t h e r e  
i s  a  l o s s  o f  man-years: 

- Death i n v o l v e s  u n l i v e d  y e a r s ;  

- D i s e a s e  and i n c a p a c i t y  i n v o l v e s  was ted  p e r i o d s ;  (it 
may b e  assumed t h a t  a l l  o r  p a r t  o f  t h e  p e r i o d  o f  ill- 
n e s s  i s  c o m p l e t e l y  l o s t  f o r  t h e  i n d i v i d u a l  and s o c i e t y ) ;  

- G e n e r a l  f a t i g u e  t y p i c a l  o f  a  c o n s i d e r a b l e  number o f  t h e  
l a t e n t  s i c k  l e a d s  t o  a  d e c r e a s e  i n  working c a p a c i t y  and 
c r e a t i v e  a c t i v i t y ,  which i s  e q u i v a l e n t  t o  t h e  l o s s  o f  
p a r t  o f  t h e i r  l i f e  s p a n .  

Every u n i t  o f  t i m e  h a s  i t s  v a l u e  f o r  t h e  i n d i v i d u a l  and 
s o c i e t y .  T h i s  v a l u e  depends  n o t  o n l y  o n  t h e  a g e  and t h e  s o c i a l  
p o s i t i o n  o f  t h e  i n d i v i d u a l  b u t  a l s o  o n  h i s  h e a l t h .  The more 
s e v e r e  t h e  d i s e a s e ,  t h e  g r e a t e r  t h e  f r a c t i o n  o f  human t i m e  t h a t  
is  assumed t o  b e  l o s t  and hence ,  t h e  s m a l l e r  t h e  f r a c t i o n  o f  
t i m e  t h a t  i s  r e g a r d e d  a s  b e i n g  u s e f u l l y  s p e n t  f o r  t h e  i n d i v i d u a l  
and s o c i e t y .  These  c o n c e p t s  a r e  used  i n  s e l e c t i n g  t h e  w e i g h t i n g  
f a c t o r s  f o r  t h e  d i f f e r e n t  man-years.  The f r a c t i o n  o f  t i m e  use -  
f u l l y  s p e n t  depends  on h e a l t h  c a r e  measures  and p a r t  o f  it i s  
d i r e c t l y  d u e  t o  t h e  h e a l t h  c a r e  measures .  I n  f a c t ,  h e a l t h  c a r e  
a c t i v i t i e s  a im a t  i n c r e a s i n g  t h i s  p a r t .  

A few words a b o u t  t h e  m a t h e m a t i c a l  s i d e  o f  t h e  problem.  
The o b j e c t i v e  we have f o r m u l a t e d  c a n  b e  t r e a t e d  a s  t o  a c h i e v e  t h e  
e x t r e m e  v a l u e  which i s  t h e  optimum i n  management o f  t h e  h e a l t h  
c a r e  sys tem.  The c r i t e r i o n  o f  optimum is  t h e  sum of  weigh ted  
man-years f o r  s o c i e t y  w h i l e  t h e  l i m i t a t i o n s  a r e  n o t  o n l y  t h o s e  
on r e s o u r c e s  b u t  a l s o  t h o s e  t h a t  a r i s e  from t h e  h e a l t h  c a r e  con- 
c e p t s  p r e v a i l i n g  i n  any  c o u n t r y .  



It may seem t h a t  a  comparison of  h e q l t h  c a r e  programs on 
t h e  b a s i s  o f  o u r  o b j e c t i v e  would r e q u i r e  e i t h e r  i n f o r m a t i o n  
t h a t  i s  n o t  a v a i l a b l e  o r  e l a b o r a t e  and i m p r a c t i c a l  computa t ions .  
However, t h i s  i s  n o t  s o ,  t o  o b t a i n  t h e  mathemat ica l  s o l u t i o n  t o  
t h e  problem of  optimum management, w e  have  t o  c a l c u l a t e ,  n o t  t h e  
sum o f  weigh ted  man-years b u t  t h e  p a r t i a l  d e r i v a t i v e  o f  t h i s  sum 
w i t h  r e s p e c t  t o  t h e  e x p e n d i t u r e s  on t h e  measures  be ing  compared. 
I n  o t h e r  words,  w e  have t o  c a l c u l a t e  t h e  r a t i o  between t h e  i n -  
c r e a s e  i n  t h e  c r i t e r i o n  f o r  o p t i m i z a t i o n  and t h e  co r r e spond ing  
i n c r e a s e  i n  e x p e n d i t u r e s  on each  of  t h e  measures  under  c o n s i d e r -  
a t i o n  and  t h i s  t a s k  i s  c o n s i d e r a b l y  s i m p l e r  t h a n  a  c a l c u l a t i o n  
o f  t h e  c r i t e r i o n ' s  a b s o l u t e  v a l u e .  

The e f f i c i e n c y  o f  e v e r y  h e a l t h  c a r e  measure o r  set o f  mea- 
s u r e s  may b e  e v a l u a t e d  w i t h  t h e  f o l l o w i n g  formula :  

AQ = xAAijkq i jk  
i j k  

where t h e  s u b s c r i p t  i i n d i c a t e s  t h e  age ;  j  i n d i c a t e s  t h e  h e a l t h  
g roup;  k  i n d i c a t e s  t h e  s o c i a l  p o s i t i o n ;  qi jk  i s  t h e  we igh t i ng  

f a c t o r  which r e f l e c t s  t h e  u s e f u l n e s s  ( v a l u e )  o f  a  t i m e  u n i t  f o r  
s o c i e t y  a s  a  whole and f o r  t h e  i n d i v i d u a l  who is  a t  s t a t e  i, j ,  
k ;  AAiik i s  t h e  change i n  t h e  number o f  i n d i v i d u a l s  a t  s t a t e  

i, j ,  a s  a  r e s u l t  o f  h e a l t h  c a r e  measures .  

The f a c t o r s  qiik a r e  o f t e n  measured i n  p o i n t s ,  b u t  money/ 

t i m e  u n i t s  should  be  used i n  j u s t i f y i n g  t h e  a l l o c a t i o n  of f unds  
t o  h e a l t h  c a r e  measures .  For  t h e  g roup  o f  "dead" ,  t h e  v a l u e  o f  
qiik i s  , z e ro .  The d a t a  a v a i l a b l e  from' c u r r e n t  med i ca l ,  economic 

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

To c a l c u l a t e  t h e  e f f e c t s  o f  i n d i v i d u a l  h e a l t h  c a r e  measures ,  
AAijk c a n  b e  exp re s sed  i n  t e r m s  o f  changes  i n  t h e  f l o w  p i j k  
i n t o  t h e  s t a t e  i, j ,  k  and i n  t h e  t i m e  tijk s p e n t  i n  t h i s  s t a t e .  

Denot ing  t h e s e  changes  by A p i j k  and A t i j k  r e s p e c t i v e l y ,  w e  

o b t a i n  

The e r g o d i c i t y  concep t  s u g g e s t s  h e r e  t h a t  t h e  change  i n  u n l i v e d  
y e a r s  due  t o  d e a t h  a s  a  f u n c t i o n  o f  t h e  age  a t  d e a t h  i s  g i v e n  
by t h e  f o l l o w i n g  e x p r e s s i o n  
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Figure 1.  General diagram showing operation of the health 
health care system. 



where i i s  t h e  age a t  d e a t h ,  N i s  t h e  maximum l i f e s p a n ,  
A(nlm/ i jk)  i s  t h e  expected number of  i n d i v i d u a l s  who would e n t e r  
s t a t e  n,  1, m from s t a t e  i, j ,  k ,  t h a t  i s ,  who had a t  t h e  mo- 
ment of dea th  t h e  i n d i c a t o r s  j ,  k ,  E  is t h e  s tandard  e f f i c i e n c y  
f a c t o r ,  and A u i j k  i s  now t h e  change i n  m o r t a l i t y  a t  s t a t e  i, 
2 1. 

I t  should  be noted ,  by t h e  way, t h a t  t h e  common drawback 
t o  t h e  i n d i c e s  suggested by M i l l e r ,  Chayang, F a n s h e l l ,  Bush 
and o t h e r s  is  t h e  i n c o r r e c t  e v a l u a t i o n  o f  l o s s e s  caused by pre-  
mature d e a t h .  Th i s  problem was mentioned i n  t h e  WHO t e c h n i c a l  
r e p o r t  on s t a t i s t i c a l  i n d i c a t o r s  [I  I . 

Our formula t ion  of t h e  h e a l t h  c a r e  o b j e c t i v e  makes it pos- 
s i b l e  t o  s o l v e  t h e  problems of t h e  optimum o p e r a t i o n  and devel -  
opment of  t h e  h e a l t h  c a r e  system. Computations f o r  i n d i v i d u a l  
h e a l t h  c a r e  measures w i l l  n o t  be more complicated than  computa- 
t i o n s  of t h e  e f f i c i e n c y  of p o l i o m y e l i t i s  v a c c i n a t i o n  o r  a n t i -  
t u b e r c u l o s i s  programs, e t c .  which a r e  d i scussed  i n  t h e  Handbook 
on Soc iaZ  Hygiene  and P u b l i c  H e a l t h  O r g a n i z a t i o n  [ 2 ] .  I n  t h e s e  
c a l c u l a t i o n s  n o t  only  t h e  expend i tu re s  bu t  a l s o  t h e  e f f e c t s  were 
computed i n  money u n i t s .  

The above concepts  a r e  f u r t h e r  d i scussed  i n  [ 3 , 4 , 5 ] .  

I t  should be noted t h a t  t h i s  h e a l t h  c a r e  o b j e c t i v e  i s  based 
on t h e  concept  of  t h e  s o c i a l  o b j e c t i v e  a s  d i scussed  i n  [6]  and 
i n  a  r e p o r t  submit ted t o  t h e  I n t e r n a t i o n a l  Seminar on t h e  Appli- 
c a t i o n  of  Mathematical Methods i n  Sociology he ld  a t  Novosibirsk 
i n  1970. 
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Some Comments on Aspects  of Modeling 

G .  Rosenthal  

G .  Rosenthal ,  t h e  Di rec to r  of t h e  U . S .  Nat ional  Center  f o r  
Health Research, s a i d  t h a t  t h e  Center  had f o r  many y e a r s  enjoyed 
unique p o s s i b i l i t i e s  i n  t h a t  it combined work on r e s e a r c h  and 
p o l i c y  problems, s i n c e  it was r e spons ib le  t o  t h e  Federa l  Govern- 
ment f o r  t h e  o r g a n i z a t i o n ,  f inanc ing  and technology of p u b l i c  
h e a l t h  s e r v i c e s ;  it was a l s o  t o  a  l i m i t e d  e x t e n t  concerned wi th  
problems of biomedical  r e sea rch .  Following t h e  r e c e n t  t r e n d  t o  
develop models t o  a s s i s t  i n  fo rmula t ing  p o l i c y ,  t h e  c e n t e r  had 
s t a r t e d  t o  develop i t s  own model t o  h e l p  de termine  t h e  gene ra l  
d i r e c t i o n  of i t s  a c t i v i t i e s .  I n  h i s  view, a  model was i n d i s -  
pensab le  t o  ana lyze  methodology which should be taken i n t o  ac-  
count  p r i o r  t o  d e c i s i o n  making. 

However, t h e  terms "development of models" and "s imula t ion"  
r e q u i r e d  more p r e c i s e  d e f i n i t i o n  s i n c e  he cons idered  t h a t  simu- 
l a t i o n  and th ink ing  were a b s o l u t e l y  i n s e p a r a b l e  processes .  Most 
f r e q u e n t l y ,  models were b u i l t  f o r  r e sea rch  purposes i n  o rde r  t o  
develop and t e s t  hypotheses.  Such models were p r i m a r i l y  r e l a t e d  
t o  a  p a r t i c u l a r  d i s c i p l i n e  and expressed r e l a t i o n s h i p s  i n  terms 
o f  va r ious  g e n e r a l  f u n c t i o n s .  He s t r o n g l y  i n c l i n e d  t o  t h e  view 
t h a t  i n  t ime,  t h e s e  t h e o r e t i c a l  models would become s t anda rd  
models which would be p u t  t o  p r a c t i c a l  use.  

Another important  t y p e  of model were management and c o n t r o l  
models, a s s o c i a t e d  wi th  o p e r a t i o n a l  s t u d i e s .  Such models were 
used ,  f o r  example, i n  space  r e s e a r c h  and commerce t o  c a l c u l a t e  
t h e  number of  engineer ing  s t a f f  needed t o  s o l v e  c e r t a i n  problems. 
Models of  t h i s  t ype  were capab le  of d e t a i l e d  development, bu t  
t h e y  were g e n e r a l l y  designed t o  s tudy microproblems, i . e .  problems 
a r i s i n g  w i t h i n  a  narrow r e s e a r c h  p r o j e c t .  There were p r i m a r i l y  
mul t id imensional  i n  t h e  sense  t h a t  t hey  r e f l e c t  t h e  r e a l  s i t u a -  
t i o n .  The models under d i s c u s s i o n  a t  t h e  Conference were of 
t h i s  type .  

The Nat ional  Center  made ex tens ive  use  of such models f o r  
p r a c t i c a l  i s s u e s  and checked t h e i r  performance. I n  t h i s  way, 
t h e  Center  was endeavoring t o  develop models wi th  r e l i a b l e  
parameters .  I n  p r a c t i c e ,  most h e a l t h  c a r e  models were models 
of r e source  d i s t r i b u t i o n .  I n  t h e  USA, models were used t o  d i s -  
t r i b u t e  manpower according t o  t h e  demand f o r  v a r i o u s  p u b l i c  
h e a l t h  s e r v i c e s .  Typ ica l ly ,  t hey  proved u s e f u l  i n  widely d i f -  
f e r e n t  cases :  f o r  i n s t a n c e ,  t h e  Center  achieved reasonably  
a c c u r a t e  r e s u l t s  f o r  t h e  a l l o c a t i o n  of  r e sources  t o  o u t - p a t i e n t  
c l i n i c s .  



A s  a  g e n e r a l  r u l e ,  e x i s t i n g  models l e d  t o  t h e  development 
o f  f u r t h e r  models. Sometimes t h e  l a t t e r  were concerned wi th  
s o c i a l ,  economic, demographic o r  o t h e r  c h a r a c t e r i s t i c s  of  t h e  
popu la t ion .  General  models a l s o  covered a  f a i r l y  wide spectrum 
o f  d a t a ,  p r i m a r i l y ,  r e l a t e d  t o  epidemiology. However, cons ide r -  
a b l e  problems were caused by t h e  f a c t  t h a t  such d a t a  was o f t e n  
i n a c c u r a t e .  To e f f e c t  a n  improvement, it would be  necessary  t o  
ach ieve  a  more o r  l e s s  uniform d i s t r i b u t i o n  of d i a g n o s t i c s  and 
t o  s t a n d a r d i z e  epidemiologica l  c h a r a c t e r i s t i c s .  Such m a t t e r s  
were a s s o c i a t e d  wi th  problems of modeling t echn ique  s i n c e  any 
system o f  obse rva t ion  would produce m o d i f i c a t i o n s  which should 
be  in t roduced i n t o  t h e  model. But t h i s  l e a d s  t o  a  d e c r e a s e  i n  
p r e c i s i o n .  

Both now and a t  e a r l i e r  s t a g e s  of  model development and 
s tudy ,  it would be  e a s i e r  i f  t h e  s c a l e  of demand was f u l l y  
known. 

The Center  i s  concerned a t  p r e s e n t  w i t h  s t u d i e s  on a l l  
a s p e c t s  o f  t h e  h e a l t h  c a r e  s e r v i c e s .  

Problems a r o s e  i n  d i f f e r e n t  a r e a s  b u t  t h e y  were e s s e n t i a l l y  
one and t h e  same--how t o  improve t h e  s e r v i c e  concerned and t h e  
r e l a t e d  s tudy.  The Center  was t h e r e f o r e  f a c i n g  t h e  e x t e n s i v e  
t a s k  of  developing  models f o r  g e n e r a l  r e s e a r c h  problems; it was 
hoped t h a t  t h e  C e n t e r ' s  c l a s s i f i c a t i o n  system would be h e l p f u l  
i n  e s t a b l i s h i n g  t h e  n a t u r e  o f  r e l a t i o n s h i p s .  

F i n a l l y ,  he observed t h a t  i n  moving from t h e o r e t i c a l  con- 
c e p t s  t o  a c t u a l  o p e r a t i o n a l  systems,  a  change o f  s t r a t e g y  was 
necessary .  A t  t h e  p r e s e n t  t ime,  many changes i n  modeling t ech -  
nology were t a k i n g  p l a c e  which would a f f ec t '  t h e  c o u r s e  of  bio-  
medical  s t u d i e s  and t h e  shape of h e a l t h  c a r e  s e r v i c e s ,  s i n c e  
it was p o s s i b l e  t h a t  t h e  s e l e c t i o n  of  i n d i c a t o r s  of  morb id i ty ,  
m o r t a l i t y  and s o  on had been mistaken.  



S i m u l a t i o n  Languages and S o f t w a r e  F a c i l i t i e s  

I . N .  Vorontsov and M.M. G r e s h i l o v  

The p a p e r  i s  concerned  w i t h  some m e t h o d o l o g i c a l  and t e c h -  
n o l o g i c a l  problems a s s o c i a t e d  w i t h  t h e  a p p l i c a t i o n  o f  many i d e a s  
i n  t h e  development  o f  fundamenta l  and a p p l i e d  r e s e a r c h  and i n  
t h e  s o l u t i o n  o f  complex p r a c t i c a l  problems.  

There  e x i s t  a t  p r e s e n t  c o n s i d e r a b l e  d i f f i c u l t i e s  i n  o rga-  
n i z i n g  t h e  u s e  o f  compute rs  f o r  complex s y s t e m  s i m u l a t i o n ,  p a r -  
t i c u l a r l y  on a  w i d e s c a l e  by many s p e c i a l i s t s  and m a t h e m a t i c i a n s .  

The t a s k  c o n s i s t s  i n  t h e  development  o f  h i g h l y  a d e q u a t e  
models  which p e r m i t  u s  t o  a n a l y z e  t h e  t o t a l i t y  o f  a l l  t h e  impor- 
t a n t  a s p e c t s  o f  a  phenomenon. W e  must d e v e l o p  models t o  a s s i s t  
u s  i n  i m p o r t a n t  d e c i s i o n  making. For  t h a t  p u r p o s e ,  it i s  nec- 
e s s a r y  t o  d e v i s e  computer l a n g u a g e s  and methods o f  u s i n g  them 
which would i n c r e a s e  t h e  e f f i c i e n c y  o f  r e s e a r c h  and p r o j e c t  
work, i n c l u d i n g  t h e  development  o f  management methods and e v a l -  
u a t i o n  o f  p l a n n i n g  d e c i s i o n s .  

The main c h a r a c t e r i s t i c s  r e q u i r e d  o f  t h e  s i m u l a t i o n  l a n -  
g u a g e s  and s o f t w a r e  f a c i l i t i e s  used  i n  s u c h  work may b e  d i v i d e d  
i n t o  t h r e e  c a t e g o r i e s .  

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

F i r s t ,  we must  b e  a b l e  t o  i n t e r p r e t  f o r m a l l y  t h e  c o n c e p t s  
u s e d  i n  t h e  d e s c r i p t i o n  o f  v a r i o u s  t y p e s  o f  s y s t e m s  and t h e  
c o n c e p t s  o f  v a r i o u s  m a t h e m a t i c a l  d i s c i p l i n e s .  

Secondly ,  we must have t h e  p o s s i b i l i t y  t o  d e v e l o p  t h e  de- 
s c r i p t i o n  o f  s t r u c t u r e s  and p a r a m e t e r s  o f  s t a t i c  sys tems  i n  
o r d e r  t o  d e s c r i b e  dynamic sys tems .  

T h i r d l y ,  we must b e  a b l e  t o  d e v e l o p  t h e  d e s c r i p t i o n  on a  
l a r g e  s c a l e .  

The second  c a t e g o r y  o f  c h a r a c t e r i s t i c s  i n c l u d e s  a s p e c t s  o f  
t e s t i n g  s y s t e m s  models .  These i n v o l v e  s t a t i s t i c a l  e x p e r i m e n t s ,  
i n t e g r a t i o n  methods,  c o l l e c t i o n  o f  e x p e r i m e n t a l  d a t a ,  d a t a  pro-  
c e s s i n g ,  d a t a  i n p u t  i n  a  r e a d i l y  a s s i m i l a b l e  form,  model check- 
o u t ,  model c o r r e c t i o n ,  check-out  and a n a l y s i s  o f  models  i n  t h e  
p r o c e s s  o f  e x p e r i m e n t .  

Most a l g o r i t h m i c  and s i m u l a t i o n  l a n g u a g e s  and t h e i r  s o f t -  
ware  a r e  n o t  r e a l l y  a d a p t e d  t o  t h e s e  r e q u i r e m e n t s .  A t  t h e  same 



t ime,  it i s  very  impor tan t  t o  be  a b l e  t o  c o r r e c t  e r r o r s  r a p i d l y  
and t o  ana lyze  e f f e c t i v e l y .  The burden o f  work of  t h i s  k ind  is  
very  g r e a t .  

The t h i r d  ca t ego ry  of  c h a r a c t e r i s t i c s  i n c l u d e s  t h e  u s e  of  
d i a l o g u e  f a c i l i t i e s  and t h e  c a p a b i l i t y  of  development i n  l an -  
guage systems and sof tware .  

The f i r s t  requi rement  i s  model d e s c r i p t i o n  and methods of 
app ly ing  so f tware  f a c i l i t i e s  which a r e  ea sy  t o  unders tand .  

The second requi rement  i s  t h e  c a p a b i l i t y  f o r  s y n t a c t i c  
expans ion ,  development o f  h i e r a r c h i c a l  d e s c r i p t i o n s ,  c a p a b i l i t y  
o f  deve loping  t h e  languages t o  s o l v e  i n d i v i d u a l  s t anda rd  prob- 
lems,  e .g .  each u s e r  should  be  a b l e  t o  develop  i n  a  common l an -  
guage some s e r v i c e  o r  formal  concep t s  convenient  f o r  h i s  purpose 
which can  be  e a s i l y  i n t e r p r e t e d  i n  te rms  of  t h e  d e s c r i p t i o n  of 
c e r t a i n  p h y s i c a l  phenomena. 

The t h i r d  requi rement  i s  t h e  e s t ab l i shmen t  of  l i b r a r i e s  and 
banks of  i n d i v i d u a l  s t anda rd  and s p e c i f i c  models. 

We cannot  b u i l d  a  f r e s h  model f o r  each narrow c l a s s  of  
phenomena. We have t o  develop  models f o r  r a t h e r  broad c l a s s e s  
o f  phenomena and t h e n  make them more s p e c i f i c .  I t  i s  t h e r e f o r e  
neces sa ry  t o  env i sage  t h e  e s t ab l i shmen t  o f  l i b r a r i e s  and banks 
w i th  t h e  d a t a  of  bo th  t y p e s  of  models. 

The f o u r t h  requi rement  i s  t h e  development of  d a t a  banks i n  
t h e  form of  complicated s e t s  o f  models t h a t  make it p o s s i b l e  t o  
cove r  t h e  t o t a l i t y  o f  some broad systems.  

The f i f t h  requi remnt  i s  t h e  c a p a b i l i t y  o f  i n t e r a c t i o n  wi th  
v a r i o u s  widely used a l g o r i t h m i c a l  languages and a c c e s s  t o  l i b r a -  
r i e s  o f  programs based on t h e s e  languages.  

The answer t o  t h e  q u e s t i o n  of  which a l g o r i t h m i c  language is 
t h e  most convenient  i s  t h e  fo l lowing:  every  a l g o r i t h m i c a l  l an -  
guage i s  des igned  t o  s o l v e  some s p e c i f i c  problems and t h e  whole 
gamut o f  languages open up v a s t  p o s s i b i l i t i e s .  Therefore  it 
would be  i n c o r r e c t  t o  s ay  one p a r t i c u l a r  language must be used 
o r  t h a t  t h i s  language w i l l  be  s u i t a b l e  i n  a l l  t h e  c a s e s .  It i s  
neces sa ry  t o  u s e  a  v a r i e t y  of languages.  S imula t ion  languages  
must p rov ide  a  means o f  combining t h e  c a p a c i t y  of  v a r i o u s  a lgo-  
r i t h m i c a l  languages f o r  communicating w i t h  t h e i r  l i b r a r i e s .  Th i s  
i s  one o f  t h e  most impor tan t  requi rements .  

The s i x t h  requi rement  i s  t h e  p o s s i b i l i t y  of  conduct ing  i n -  
v e s t i g a t i o n s  u s i n g  a  t h i r d  g e n e r a t i o n  mult iple-computer  complex 
and f o u r t h  g e n e r a t i o n  computing systems.  

Four th  g e n e r a t i o n  computers  w i l l  make it p o s s i b l e  t o  pro-  
c e s s  very  l a r g e  d a t a  f i l e s  and t o  s i m u l a t e  a  g r e a t  number of 
s imul taneous  p roces se s .  Already,  w i th  t h e  u s e  of  t h i r d  



g e n e r a t i o n  computing systems c o n s i d e r a b l e  t e c h n i c a l  p o s s i b i l i t i e s  
e x i s t  t o  i n v e s t i g a t e  a  number o f  problems. 

The seventh  requirement i s  t h e  a v a i l a b i l i t y  o f  a  d a t a  bank 
r e f e r e n c e  s e r v i c e  i n  t h e  shape of compound complex models. 

I t  should  be noted t h a t  t h e r e  a r e  two t y p e s  of  au tomat ic  
r e f e r e n c e  s e r v i c e s .  The f i r s t  t y p e  is  in fo rma t iona l ;  such d a t a  
banks a r e  g e n e r a l l y  b u i l t  up  by us ing  v a r i o u s  methods of  c l a s s i -  
f i c a t i o n ,  e . g .  d e s c r i p t i v e  methods. However, t h i s  way o f  sys- 
t e m a t i z i n g  d a t a  and i t s  r e l a t e d  methods does  no t  a s  y e t  make it 
p o s s i b l e  t o  develop  systems models and o rgan ize  t h e  c o l l e c t i o n  
of  informat ion  i n  s p e c i f i c  a r e a s .  

The o t h e r  type  o f  d a t a  bank i n  t h e  shape of  compound complex 
models pe rmi t s  t h e  sys t ema t i c  c o l l e c t i o n  of  informat ion  and,  very 
impor t an t ly ,  it pe rmi t s  t h e  development of new methods of orga- 
n i z i n g  c o l l e c t i v e  r e s e a r c h .  We a r e  r e f e r r i n g  t o  t h e  r e s u l t s  of 
a n a l y s i s  and r e s e a r c h .  

The e i g h t h  requirement i s  t h e  p o s s i b i l i t y  of o rgan iz ing  
c o l l e c t i v e  modeling. 

The t ime has  passed when models were a v a i l a b l e  only  t o  t h e i r  
b u i l d e r  o r  u s e r .  When we encounter  a  major model ( a  model of a  
l i v i n g  c e l l ,  an organism, p u b l i c  h e a l t h  system, a  c i t y  o r  coun t ry )  
it u s u a l l y  t u r n s  o u t  t h a t  t h e  model h a s  been b u i l t  by many spe-  
c i a l i s t s  and t h a t  many s p e c i a l i s t s  must p a r t i c i p a t e  i n  t h e  eva l -  
u a t i o n  of  d a t a ,  i n v e s t i g a t i o n  o f  models and t h e i r  p r a c t i c a l  a p p l i -  
c a t i o n .  

Th i s  f a c t  i s  o f  cons ide rab le  importance nowadays. 

I n  conc lus ion ,  it i s  worth mentioning t h a t :  s imu la t ion  
languages a r e  a  s p e c i f i c  c l a s s  o f  languages,  a s s o c i a t e d  wi th  
t h e o r e t i c a l  concepts .  The t h e o r i e s  may n o t  always be formulated 
bu t  n e v e r t h e l e s s  they  c o n s t i t u t e  t h e  b a s i s  of  t h e  languages.  The 
conceptua l  appa ra tus ,  t h e  terminology wi th  which t h e s e  languages 
o p e r a t e ,  make it p o s s i b l e  t o  develop  language-mediators o r  i n t e r -  
d i s c i p l i n a r y  languages.  I n  t h i s  s ense ,  r e s e a r c h  i n t o  t h e  devel -  
opment of s imu la t ion  languages has  something i n  common w i t h  l i n -  
g u i s t i c  r e s e a r c h  a s s o c i a t e d  wi th  t h e  development of language- 
media tors .  

I n  suppor t  o f  some o f  t h e  op in ions  expressed i n  t h i s  paper ,  
mention may be made of some s t r i k i n g  examples of t h e  development 
of s imu la t ion  languages,  such a s  t h e  we l l  known DINAMO language 
which i s  based on t h e  theo ry  o f  d i f f e r e n t i a l  equa t ions .  I t  i s  
on ly  because t h i s  language i s  based on such a  w e l l  e s t a b l i s h e d  
mathematical  t heo ry  t h a t  it has been widely used i n  s p i t e  of many 
drawbacks and* provides  a  r easonab le  i n t e r p r e t a t i o n  of  a  number 
of  r e a l  phenomena. 



Another language is SIMULA. An attempt was made in devel- 
oping this language to provide an answer to many of the prob- 
lems enumerated in this paper. But this language does not have 
such a compelling theory as the basis of its conceptual system 
as has DYNAMO. It is closer to the all-purpose algorithmical 
languages and requires very skillful specialists to manipulate 
it. Thus it has the striking disadvantage that it inhibits 
increased productivity on the part of the many specialists who 
are non-mathematicians. 

Methods of synthesizing and analyzing models, formalized 
languages and software facilities that meet the requirements 
described in this paper would make it possible to increase very 
substantially the efficiency of research, project work, and the 
development of control methods. In many cases, they would open 
up completely new possibilities of solving complex scientific 
and practical problems. 



S t o c h a s t i c  Compartmental Modeling, 

Paramete r  ~ s t i m a t i o n ,  and A n a l y s i s  o f  Cancer Trea tment  Systems 

Asha S. Kapadia and  B a y l i s s  C .  ~ c ~ n n i s  

INTRODUCTION 

D e t e r m i n i s t i c  compartmental  model ing h a s  become a n  e s t a b -  
l i s h e d  method o f  s t u d y i n g  b i o m e d i c a l  sys tems .  Comprehensive 
r e v i e w s  of t h e  d e t e r m i n i s t i c  compar tmenta l  t h e o r y  have been  g i v -  
e n  by Sheppard (1 9 6 2 ) ,  Resc ingo  and S e g r e e  (1 965) , and  by 
Jacquez  (1972) .  

On t h e  o t h e r  hand, s t o c h a s t i c  compar tmenta l  a n a l y s i s  i s  
s t i l l  i n  t h e  s t a g e  o f  e v o l u t i o n .  The t h e o r y  o f  i l l n e s s - d e a t h  
p r o c e s s e s  a s  g i v e n  by Chiang (1968) p r o v i d e s  a  b a s i s  f o r  s t o -  
c h a s t i c  compartmental  a n a l y s i s .  S i g n i f i c a n t  r e s u l t s  have  re- 
c e n t l y  been  o b t a i n e d  by M a t i s  and  H a r t l e y  (1971) f o r  a  d i s c r e t e  
p o p u l a t i o n  of  p a r t i c l e s  i n  a  sys tem o f  m compartments .  These 
a u t h o r s  have r e p o r t e d  on a  p r o c e d u r e  f o r  i d e n t i f y i n g  t h e  param- 
eters o f  t h e  model when t i m e  series d a t a  is  a v a i l a b l e  o n l y  on  
t h e  p a s s a g e  o f  t h e  t o t a l  q u a n t i t y  o f  m a t e r i a l  t o  t h e  e x t e r i o r  
o f  t h e  model. 

I n  mode l ing  c a n c e r  t r e a t m e n t  s y s t e m s ,  d a t a  a r e  g e n e r a l l y  
a v a i l a b l e  f rom fo l low-up  s t u d i e s  on t h e  t o t a l  number of  p a t i e n t s  
under  t r e a t m e n t  o r  " a p p a r e n t l y  c u r e d " .  Data  on t h e  number o f  
p a t i e n t s  i n  d i f f e r e n t  s t a g e s  o f  t r e a t m e n t  and under  r e m i s s i o n  
a r e  v e r y  seldom a v a i l a b l e .  

I n  t h i s  p a p e r  we have d e s i g n e d  a  s t o c h a s t i c  compar tmenta l  
model t o  d e t e r m i n e  t h e  s u r v i v a l  o f  c a n c e r  p a t i e n t s  a t  v a r i o u s  
p o i n t s  i n  t i m e .  T h e i r  l i f e  e x p e c t a n c i e s  a t  d i f f e r e n t  p o i n t s  
i n  t i m e  a f t e r  b e i n g  t r e a t e d  f o r  c a n c e r  a r e  a l s o  c a l c u l a t e d .  
The d a t a  used  were  from a c o l l a b o r a t i v e  s t u d y  a i d e d  by a  g r a n t  
f rom t h e  N a t i o n a l  I n s t i t u t e  o f  Cancer  and t h e  U.S. P u b l i c  H e a l t h  
S e r v i c e .  The s t u d y  c o v e r e d  17 m e d i c a l  i n s t i t u t i o n s  which pro-  
v i d e d  t h e  n e c e s s a r y  p o p u l a t i o n  of  p a t i e n t s .  The r e s u l t s  o f  t h e  
s t u d y  were  p u b l i s h e d  i n  t h e  September  1975 i s s u e  o f  Cancer .  

DESIGN OF THE INVESTIGATION 

The i n v e s t i g a t i o n  was d e s i g n e d  a s  two s e p a r a t e  b u t  i n t e -  
g r a t e d  t r i a l s  o f  p r i m a r y  l u n g  c a n c e r  a s  f o l l o w s :  

- P a t i e n t s  w i t h  l e s i o n s  c o n s i d e r e d  o p e r a b l e  a t  t h e  t i m e  
of  d i a g n o s i s .  



- P a t i e n t s  who were cons ide red  p o t e n t i a l l y  ope rab le  on ly  
a f t e r  r ad io the rapy .  

C l a s s i f i c a t i o n  of P a t i e n t s  

Each p a t i e n t  was eva lua t ed  c l i n i c a l l y  and c l a s s i f i e d  i n t o  
one o f  t h r e e  groups:  

1. P a t i e n t s  w i t h  involvement of on ly  one lung and wi th  no 
evidence of  ex t ens ion  of tumor beyond t h e  lung were 
c l a s s i f i e d  a s  " c l i n i c a l l y  operable" ;  they  a r e  r e f e r r e d  
t o  a s  " i n i t i a l l y  ope rab le  p a t i e n t s " .  

2. P a t i e n t s  w i t h  lymph node involvement, ches t -wel l  i n -  
vas ion  o r  encroachment o f  t h e  tumor upon t h e  c a r i n a  
were cons idered  " c l i n i c a l l y  i nope rab le  wi thout  r ad io -  
therapy' ;  t h e s e  a r e  r e f e r r e d  t o  a s  " p o t e n t i a l l y  o p e r a b l e  
p a t i e n t s  I' . 

3. Those wi th  more e x t e n s i v e  d i s e a s e  o r  a  c o n d i t i o n  which 
would prec lude  e i t h e r  su rge ry  o r  r ad io the rapy  were ex- 
c luded from t h e  s tudy.  

THERAPY 

Initially operable patients. These were randomly a s s igned  
t o  r e c e i v e  su rge ry  (1)  a f t e r  p r i o r  r ad io the rapy- - th i s  group 
r ece ived  r ad io the rapy  and then  su rge ry  a f t e r  a  f o u r  t o  s i x  weeks 
pe r iod  i f  t h e i r  c l i n i c a l  s t a t u s  i n d i c a t e d  su rge ry  t o  be appro- 
p r i a t e , .  ( 2 )  immediately. 

Potentially operable. These p a t i e n t s  r ece ived  r ad io the rapy  
and, a f t e r  a  f o u r  t o  s i x  weeks wa i t ing  pe r iod ,  t h o s e  cons ide red  
c l i n i c a l l y  s u i t a b l e  f o r  su rge ry  were randomly a s s igned  t o  re- 
c e i v e  e i t h e r  (1 )  su rge ry  o r  (2 )  no su rge ry .  

To p a t i e n t s  r e c e i v i n g  su rge ry ,  no a d d i t i o n a l  su rge ry ,  
r ad io the rapy ,  o r  chemotherapy was t o  be g iven  u n l e s s  t h e i r  can- 
c e r  had proved u n r e s e c t a b l e  o r  t h e r e  was evidence  of  m e t a s t a s i s  
o r  r ecu r rence .  P a t i e n t s  who d i d  not  r e c e i v e  su rge ry  could  r e -  
c e i v e  on ly  a d d i t i o n a l  r ad io the rapy  u n l e s s  t h e  cance r  r e c u r r e d .  
I n  t h a t  c a s e  chemotherapy could  be given.  

More t h a n  3600 p a t i e n t s  w i th  a  d i a g n o s i s  of primary cance r  
o f  t h e  lung were r e g i s t e r e d  wi th  t h e  s t a t i s t i c a l  c e n t e r .  Only 
568 (16 p e r c e n t )  met t h e  c r i t e r i a  f o r  t h e  i n i t i a l l y  ope rab le  
s tudy  group.  The randomizat ion procedure a s s igned  289 t o  r e -  
c e i v e  p r e p a r a t i v e  r ad io the rapy  and 278 t o  r e c e i v e  immediate 
su rge ry .  Another 425 (12 p e r c e n t )  w e r e  c l a s s i f i e d  a s  poten- 
t i a l l y  o p e r a b l e  a f t e r  a  cou r se  of  r ad io the rapy ;  o f  t h e s e  on ly  
152 p a t i e n t s  were cons idered  s u i t a b l e  f o r  a t tempted  r e s e c t i o n  
once  t h e i r  cou r se  of  r ad io the rapy  was completed. Randomization 
a s s igned  78  t o  r e c e i v e  surgery  and 74 t o  r e c i e v e  no su rge ry .  



RESULTS 

Some r e s u l t s  of  t h e  i n v e s t i g a t i o n  a r e  shown below i n  
Table  1 and F igu re s  1-7.  

Table  1 .  Table  of l i f e  expec t anc i e s .  
I I 
1. Immediately Operable P a t i e n t s  Group 1 (W + Surgery) 

I Time - ELE - I 
4.3 y r s .  
8.3 y r s .  

11.00 y r s .  
13.02 yrs .  
17.54 y r s .  

2. Immediately Operable P a t i e n t s  Group 2 (Surgery) I 
I Time - ELE - I 

3. P o t e n t i a l l y  Operable Group 1 (Radiotherapy) 

Time - ELE - 

P o t e n t i a l l y  Operable Group 2 (RT + Surgery) I 
Time - ELE - 



One Compartment Model 

m u  

a, 

1 E ( n / t ) d t  = Average l i f e  expectancy a t  t = 0 
t=O No 



0) 

/ E ( n / t ) d t  = Average  l i f e  e x p e c t a n c y  a t  t = 1 
t = l  N1 

+ ........ + N4/u4] , etc.  ( 6 )  

E s t i m a t i o n  o f  P a r a m e t e r s  

The  p a r a m e t e r s  are e s t i m a t e d  i n  s t a g e s  u s i n g  a  n o n l i n e a r  
r e g r e s s i o n  p a c k a g e .  F i r s t  uo i s  d e t e r m i n e d  s u c h  t h a t  

f o r  d a t a  p o i n t s  i n  ( 0 , l )  i s  m i n i m i z e d ,  where  No r e p r e s e n t s  t h e  

i n i t i a l  number i n  a n y  g r o u p .  T h i s  v a l u e  u O  i s  t h e n  u s e d  t o  

o b t a i n  t h e  e x p e c t e d  number o f  i n d i v i d u a l s  s u r v i v i n g  a t  t i m e  

t = l ,  w h i c h  becomes o u r  N1 a n d  t h e  p r o c e s s  i s  r e p e a t e d  u n t i l  a l l  

t h e  u ' s  are d e t e r m i n e d .  

The r e s u l t s  a r e  a s  f o l l o w s .  

1 .  I m m e d i a t e l y  O p e r a b l e  P a t i e n t s  i n  Group 1  

N o  = 289 uo  = ' 9 0 3  

N1 = 117.11 u1  = ' 466  

N 2  = 73 .44  u 2  = .327 

N3 = 52 .95  u3 = .418 

N 4  = 34.84 u 4  = .057 

2 .  I m m e d i a t e l y  O p e r a b l e  P a t i e n t s  i n  Group  2  

No = 278 u o  = - 9 3  

N1 = 109 .66  u 1  = . 400  

N2  = 73.48 p2 = . 376  

N3 = 50.44 p3 = .044 



3. Potentially Operable Patients in Group 1 

No = 74 u o  = .822 

N1 = 32.50 u 1  = 1.39 

4. Potentially Operable Patients in Group 2 

No = 78 po = '822 

u2 = almost zero 



RADIOTHERAPY -b SURGERY + Fl DEATH 

Figure 1. Immediately operable patients. 
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Figure 2. Potentially operable patients. 



Figure 3. Survival of immediately operable patients in group 1. 

Figure 4. Survival of immediately operable patients in group 2. 



Figure 5. Survival of potentially operable patients in group 1 
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Figure 6. Survival of potentially operable patients in group 2. 
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Figure 7. Simplified model of cancer treatment systems. 



On Models f o r  Popula t ion  Health Care 

V.K.  Kuznetsov 

Most i n v e s t i g a t o r s  d e a l i n g  wi th  popula t ion  h e a l t h  c a r e  mod- 
e l s  base  t h e i r  r e s e a r c h  on t h e  t r a d i t i o n a l  approach of measuring 
t h e  e f f e c t i v e n e s s  of a  pub l i c  h e a l t h  system by means of  t h e  
mathematical c a l c u l a t i o n  of c o s t .  

Thus, McDonald and Gibbs d i s c u s s  a  model which involves  
t h e  f a c t o r s  of d e t e c t i n g  and t r e a t i n g  c a s e s  of i l l n e s s  and a l s o  
inc ludes  t h e  c o s t s .  

Sov ie t  i n v e s t i g a t o r s  have a  s i m i l a r  p o l i c y  of i n v e s t i g a t i n g  
and monitoring r e s u l t s .  

A d i s t i n g u i s h i n g  f e a t u r e  of t h e  McDonald-Gibbs model was 
t h e  comparison of c o s t s  wi th  y i e l d  ( i . e .  t h e  e f f e c t  produced by 
inves tment)  by means of econometric parameters .  McDonald and 
Gibbs p r e s e n t  d i f f e r e n t  terms i n  t h e  form o f  commensurable ad- 
dends and c a l c u l a t e  t h e  n e t  e f f i c i e n c y  i n  t h e  form of posynomials 
of arguments. These arguments a r e  t h e  number of p a t i e n t s  and 
expend i tu res  of r e sources .  Among t h e  parameters  of t h e s e  func- 
t i o n s  a r e  t h e  so-ca l led  e l a s t i c i t y  parameters .  This  approach 
makes it p o s s i b l e  t o  cover non l inea r  r e l a t i o n s h i p s ;  t h i s  has  
a l r e a d y  been mentioned by P ro fes so r  T h r a l l .  

McDonald and Gibbs a l s o  d i s t i n g u i s h  between r e a l  and i d e a l  
c o s t s .  I n  t h e  work by Sov ie t  s c i e n t i s t s ,  c o s t s  a r e  presented  
i n  t h e  form of e s t a b l i s h e d  norms. 

This  s h o r t  survey of t h e  models demonst ra tes  t h a t  t h e r e  
a r e  no o b j e c t i o n s  i n  p r i n c i p l e ,  and t h e  c o n s t r u c t i o n  of popula- 
t i o n  h e a l t h  c a r e  models can be ass igned t o  t h a t  domain of mathe- 
ma t i c s  which i s  c a l l e d  geometr ica l  programming and which cons i -  
d e r s  t h e  op t imiza t ion  of  a  system where t h e  optimum is  reached 
by minimization o r  maximization of t h e  e m p i r i c a l l y  obta ined 
posynomials of  t h e  form 

where y, a  func t ion  of m arguments, i s  a  sum of terms wi th  sub- 
s c r i p t  i t a k i n g  on t h e  va lues  from 1 t o  n. Each term has  a  
s c a l i n g  f a c t o r  Ci and i s  m u l t i p l i e d  by a  s tandard  f u n c t i o n ,  

which i s  a  product  of t h e s e  arguments r a i s e d  t o  a r b i t r a r y  powers, 
e i t h e r  i n t e g e r  o r  f r a c t i o n a l .  When t h e  powers a r e  i n t e g e r s ,  a  
posynomial reduces  t o  a  polynomial. 



The c o e f f i c i e n t  C and exponent a  a r e  found by means of 
s t a n d a r d  methods o f  mathemat ica l  s t a t i s t i c s ,  on t h e  b a s i s  of 
r e p r e s e n t a t i v e  d a t a .  These d a t a  a r e  g i v e n ,  a s  d e r i v e d  f o r  one 
microeconomic model, i n  t h e  paper  by Donald Y e t t ,  e t  a l .  i n  t h i s  
volume. 

I b e l i e v e  t h a t  t o  ensu re  t h a t  an  approach d i s c u s s e d  by t h i s  
con fe rence  i s  r e a l i s t i c ,  it i s  neces sa ry  t o  r each  a  d e c i s i o n  on 
s t a n d a r d i z i n g  it. On t h e  b a s i s  of  t h e  t h e o r y  of measuring t h e  
e f f e c t i v e n e s s  o f  a  h e a l t h  c a r e  system i n  te rms  o f  posynomials ,  
it i s  p o s s i b l e  t o  c o n s t r u c t  dynamical  s t o c h a s t i c  models o f  a  
h ighe r  o r d e r  t h a n  t h o s e  p re sen ted  t o  t h i s  con fe rence ;  t h i s  r e -  
q u i r e s  an  elementary a p p l i c a t i o n  of  t h i s  t y p i c a l  s o l u t i o n  t o  
v a r i o u s  s i t u a t i o n s  under  c o n d i t i o n s  when c o e f f i c i e n t s  o f  t h e  
posynomials  ( c o e f f i c i e n t s  C and e l a s t i c i t y  f a c t o r s  a )  va ry  i n  
t ime  and space .  

It  i s  e a s i l y  demonst rab le  from t h e  g e n e r a l  p r o b a b i l i t y  
t h e o r y  t h a t  posynomials of  c o s t  a r e  v a r i a n t s  o f  s t a t i s t i c a l  d i s -  
t r i b u t i o n s  v e r y  c l o s e  t o  t h e  Gaussian d i s t r i b u t i o n .  However, 
models o f  such o r d e r  w i l l  be  r e a l i z a b l e  o n l y  i n  a  remote f u t u r e ,  
s i n c e  t h e  econometr ic  programs have n o t  y e t  been worked o u t ;  
posynomials a r e  n o t  y e t  ready f o r  p r a c t i c a l  a p p l i c a t i o n .  

Le t  u s  c o n s i d e r  ano the r  i n t e r e s t i n g  i n v e s t i g a t i o n  o f  t h e  
e f f i c i e n c y  o f  v a r i o u s  methods of  cance r  t r e a t m e n t  a s  d i s c u s s e d  
i n  t h e  Conference pape r  by Kapadia and McInnis.  Th i s  i n v e s t i -  
g a t i o n  a p p l i e d  t h e  t echn iques  of  s t o c h a s t i c  compartmental  simu- 
l a t i o n .  Seventeen medica l  i n s t i t u t e s  of  t h e  USA took p a r t  i n  
t h i s  s tudy ,  which was f i nanced  by t h e  U.S. Na t iona l  Cancer In-  
s t i t u t e ,  by supply ing  r e q u i r e d  p a t i e n t s ,  who were c l a s s i f i e d  
i n t o  two groups :  t h o s e  who were cons ide red  o p e r a b l e  a t  t h e  mo- 
ment of  d i a g n o s i s  fo rmula t ion ,  and t h o s e  who cou ld  be o p e r a t e d  
a f t e r  p r e l imina ry  r a d i o t h e r a p y .  

App l i ca t i on  o f  t h e  above mentioned mathemat ica l  t e chn iques  
and exponen t i a l  equa t ions  made it p o s s i b l e  t o  o b t a i n  impor tan t  
r e s u l t s  conce rn ing  a f t e r - t r e a t m e n t  l i f e  expec tancy  of  t h e  pa- 
t i e n t s .  It was shown t h a t  w h i l e  i n  t h e  f i r s t  c l a s s  it i s  ex- 
p e d i e n t  t o  o p e r a t e  on t h e  p a t i e n t s  w i thou t  p r e l i m i n a r y  r a d i o -  
t h e r a p y ,  i n  t h e  second c l a s s  ( p a t i e n t s  w i t h  t h e  d i s e a s e  i n  a  
more s e r i o u s  form) it i s  p r e f e r a b l e  t h a t  r a d i o t h e r a p y  n o t  be 
fo l lowed by t h e  o p e r a t i v e  t r e a t m e n t  ( su rge ry  s h o r t e n s  t h e  a f t e r  
t r e a t m e n t  l i f e - s p a n ) .  

I n  conc lus ion ,  t h e  s i g n i f i c a n c e  of systems a n a l y s i s  l i e s  
i n  t h e  i n t e g r a t i o n  o f  t h e  e f f o r t s  of t h e  medica l  p r o f e s s i o n  wi th  
t h o s e  o f  o t h e r  s p e c i a l i s t s  o r g a n i z i n g  t h e  h e a l t h  i n d u s t r y ,  name- 
l y  mathemat ic ians ,  economis ts ,  r a t e  f i x e r s ,  a ccoun tan t s ,  and 
q u a l i t y  c o n t r o l l e r s .  I n  t h e s e  c o n d i t i o n s  a  d o c t o r  becomes a  
c e n t r a l  f i g u r e ,  l i k e  a n  eng inee r  i n  a  p l a n t .  A d o c t o r  c e r t a i n l y  
has  a t  h i s  d i s p o s a l  more a c t i v e  means o f  e a r l y  d i a g n o s i s  and 
p r e v e n t i o n  o f  p r e t e r m i n a l  s t a t e s  and of  h e a l t h  educa t ion .  



It i s  proposed t o  i n c u l c a t e  t h i s . o u t l o o k  i n  f u t u r e  g e n e r a -  
t i o n s  o f  d o c t o r s  a n d  t o  r e s t r u c t u r e  t h e  t h i n k i n g  o f  t h e  p r e s e n t  
o r g a n i z e r s  o f  m e d i c a l  c a r e  by means o f  advanced t r a i n i n g . *  

The " t e c h n i c a l  approach"  s y s t e m  assumes t h a t  phenomena a r e  
a n a l y z e d  i n  s u c h  manner t h a t  no subsys tems  of  t h e  t o t a l  sys tem 
a r e  used  w i t h i n  t h e  m o n i t o r i n g  s p h e r e .  The o p e r a t i o n s  a r e  a s -  
sumed t o  b e  on s u c h  a  s c a l e  t h a t  s y s t e m s  approach  t o  c o n t r o l  be- 
comes n e c e s s a r y .  

A s o l u t i o n  t o  t h e  fundamenta l  problems of  t h e  sys tem a s  a  
whole ,  i .e .  i n c r e a s e d  o u t p u t  and improved q u a l i t y ,  i s  i m p o s s i b l e  
o u t s i d e  t h e  framework of  sys tems  e n g i n e e r i n g  and  sys tems  manage- 
ment o f  d o c t o r s '  a c t i v i t i e s  t o  i n t e g r a t e  m e d i c a l  s p e c i a l i s t s  a t  
t h e  c o n t r o l  l e v e l  i n  t h e  h i e r a r c h i c a l  o r g a n i z a t i o n  o f  p r o d u c t i o n .  

*See Deboeck i n  t h i s  volume. 





A Decade of  Heal th  S e r v i c e s  i n  Egyp.t 

Amal S. Ibrahim and Samir G .  Bot ros  

INTRODUCTION 

I n  Egypt,  t h e  s t a t e  i s  r e s p o n s i b l e  f o r  p rov id ing  h e a l t h  s e r -  
v i c e s  t o  i t s  c i t i z e n s  and i n  pursuance of  t h i s  o b j e c t i v e  has  de-  
f i n e d  t h e  fo l lowing  p o l i c y  [ I  ] : 

- The ex t ens ion  of  h e a l t h  s e r v i c e s  t o  t h e  r u r a l  a r e a s .  Ef- 
f o r t s  have been made t o  combat i n f e c t i o u s  and endemic 
d i s e a s e s ,  e . g .  t u b e r c u l o s i s ;  

- The ex t ens ion  of a l r e a d y  e x i s t i n g  f r e e  h e a l t h  s e r v i c e s  
i n  both  r u r a l  and urban a r e a s ;  

- The ex t ens ion  of  mother and i n f a n t  w e l f a r e  c e n t e r s ;  

- Medical s e r v i c e s  a v a i l a b l e  t o  a l l  c i t i z e n s  i n  government 
h o s p i t a l s  a t  nominal f e e s ;  

- The c o n s t r u c t i o n  of  medical  i n s t i t u t e s  s p e c i a l i z i n g  i n  
one  branch of  medicine o r  su rge ry  t o  p r o t e c t  c i t i z e n s  
from e x p l o i t a t i o n  by p r i v a t e  medical  s e r v i c e s ;  

- The c o n s t r u c t i o n  of  f u l l y  equipped t r a i n i n g  c e n t e r s  t o  
p rov ide  t h e  r e q u i r e d  pe r sonne l ;  

- The i n c r e a s e  of l o c a l l y  produced pharmaceutics  t o  meet 
t h e  demand f o r  reasonably  p r i c e d  medic ines ;  

- The ex t ens ion  o f  h e a l t h  i n su rance  t o  cove r  a l l  c i t i z e n s .  

Heal th  p l ann ing  i s  neces sa ry  i n  any coun t ry ,  i r r e s p e c t i v e  
o f  i t s  p o l i t i c a l  and economic system. I t  i s  t h e  o n l y  s y s t e m a t i c  
method f o r  d e a l i n g  wi th  h e a l t h  problems and gua ran tee ing  adequate  
h e a l t h  c a r e  t o  a l l  c i t i z e n s .  

A p r e r e q u i s i t e  f o r  h e a l t h  p lanning  i s  a  p rope r  i n fo rma t ion  
system and complete  s t a t i s t i c s .  A b a s i c  d e f e c t  i n  deve loping  
c o u n t r i e s ,  i s  t h e  i n a v a i l a b i l i t y  of  i n fo rma t ion  [2]. Much medi- 
c a l  and ep idemio log ica l  i n fo rma t ion  is  c o l l e c t e d  and t h e n  l o s t  
because t o  tchose who g e n e r a t e  it, it i s  j u s t  s o  much paper .  In-  
v e s t i g a t o r s  a r e  i n c l i n e d  t o  r e g i s t e r  t h e i r  d a t a  s e l e c t i v e l y ,  a 
p r a c t i c e  which does  n o t  always y i e l d  s u f f i c i e n t l y  r e l i a b l e  i n -  
d i c e s  and r e s u l t s  [3]. 



DESCRIPTION OF THE EXISTING HEALTH SYSTEM 

Before proceeding  t o  an  a n a l y s i s  of h e a l t h  s e r v i c e  s t a t i s t i c s  
i n  Egypt,  it i s  u s e f u l  t o  d e s c r i b e  t h e  h e a l t h  system a s  it now 
e x i s t s .  

F igu re  1 g i v e s  t h e  o v e r a l l  e x i s t i n g  a d m i n i s t r a t i v e  a r r ange -  
ments i n  h e a l t h  c a r e  d e l i v e r y ;  i . e .  a t  c e n t r a l  and gove rno ra t e  
l e v e l s ;  wh i l e  F igu re  2  shows s e r v i c e s  provided a t  t h e  gove rno ra t e  
l e v e l  i n  more d e t a i l  141 .  

Implementat ion of a d m i n i s t r a t i v e  p o l i c i e s  emanating from t h e  
Min i s t ry  of  Heal th  (MOH) i n  t h e  v a r i o u s  gove rno ra t e s  i s  c a r r i e d  
o u t  by t h e  D i r e c t o r  Genera l  of  Heal th  A f f a i r s .  The fol low-up i s  
made through monthly s t a t i s t i c a l  r e p o r t s  and p e r i o d i c  meet ings  
w i t h  h e a l t h  a u t h o r i t i e s  i n  d i f f e r e n t  gove rno ra t e s  a s  w e l l  a s  
th rough o c c a s i o n a l  v i s i t s  from h ighe r  a u t h o r i t i e s  i n  t h e  MOH. 
Var ious  s t a t i s t i c s  a r e  publ i shed  p e r i o d i c a l l y  by t h e  MOH and by 
t h e  C e n t r a l  Agency f o r  P u b l i c  Mob i l i za t i on  and S t a t i s t i c s  (CAPMAS). 
These p u b l i c a t i o n s  a r e  t h e  b a s i s  of t h e  s t a t i s t i c s  p re sen ted  i n  
t h i s  work. 

The fo l lowing  t y p e s  of  e x i s t i n g  u n i t s  a r e  of i n t e r e s t  i n  
o u r  work : 

- Rural  h e a l t h  u n i t s ;  

- Rural  h e a l t h  c e n t e r s  and combined u n i t s ;  

- Maternal  and c h i l d  w e l f a r e  c e n t e r s ;  

- Heal th  bureaux;  

- School h e a l t h  u n i t s ;  

- S p e c i a l i z e d  h o s p i t a l ;  

- D i s t r i c t  and gove rno ra t e  h o s p i t a l s .  

A d e s c r i p t i o n  of  t h e s e  u n i t s  is  g iven  below: 

1 .  Rural  h e a l t h  u n i t s  o p e r a t i n g  i n  t h e  v i l l a g e s  o f f e r i n g  
p r e v e n t i v e  and c u r a t i v e  s e r v i c e s  a t  t h e  g e n e r a l  p r a c t i -  
t i o n e r  l e v e l  b u t  w i t h  no i n p a t i e n t  s e r v i c e  o r  beds.  

2. Rura l  h e a l t h  c e n t e r s  were o r i g i n a l l y  des igned  t o  s e r v e  
abou t  20,000 people  w i t h  an  o u t p a t i e n t  c l i n i c ,  a  l abo ra -  
t o r y  and a  pharmacy, and an  i n p a t i e n t  department  of  t e n  
beds,  f o u r  of which a r e  r e s e r v e d  f o r  m a t e r n i t y  and c h i l d  
h e a l t h  (MCH). They were a l s o  in tended  t o  d e a l  w i t h  pre-  
v e n t i v e  h e a l t h ,  and t h e  c o n t r o l  of f a c t o r s  a f f e c t i n g  
p u b l i c  h e a l t h .  There i s  an  ambulance s e r v i c e  and accomo- 
d a t i o n  f o r  a  d o c t o r  and nu r s ing  s t a f f .  
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3 .  Combined u n i t s  were o r i g i n a l l y  des igned  t o  p rov ide  com- 
p rehens ive  medical  s e r v i c e s ,  h e a l t h  educa t ion ,  a g r i c u l -  
t u r a l  e x t e n s i o n  and s o c i a l  w e l f a r e  s e r v i c e s  f o r  eve ry  
r u r a l  community of  about  15,000 pe r sons .  The h e a l t h  s ec -  
t i o n  was t o  c o n s i s t  o f  a n  o u t p a t i e n t  c l i n i c ,  MCH c e n t e r ,  
d i s p e n s a r y ,  l a b o r a t o r y  and i n p a t i e n t  s e r v i c e  of 14-20 
beds--nin& f o r  males,  t h r e e  f o r  females  and two f o r  mater- 
n i t y  cases--and an  o p e r a t i n g  t h e a t e r .  Such c e n t e r s  were 
a l s o  in tended  t o  promote school  h e a l t h  and p rov ide  
h e a l t h  educa t ion .  

4 .  Materna l  and c h i l d  w e l f a r e  h e a l t h  c e n t e r s  (MCH) were es -  
t a b l i s h e d  i n  c i t i e s  and t h e  main towns of  a d m i n i s t r a t i v e  - ~ - 

d i s t r i c t s  and were hence cons idered  urban  c e n t e r s  b u t  
t h e y  s e r v e  r u r a l  popu la t i ons .  They were des igned  t o  
s e r v e  50,000 people  and t o  be  r e s p o n s i b l e  f o r  t h e  c a r e  
of mothers  and i n f a n t s ,  w i t h  t h e  aim of r educ ing  in fancy  
m o r t a l i t y  and minimizing pregnancy-re la ted  d e a t h s  and 
a c c i d e n t s .  P r e n a t a l ,  p o s t n a t a l  and i n f a n t  w e l f a r e  d i n -  
i c s  a r e  he ld  a t  t h e  c e n t e r  b u t  many s e r v i c e s ,  i nc lud ing  
d e l i v e r y ,  a r e  o f f e r e d  a t  home. 

5. Heal th  bureaux des igned  a s  comprehensive h e a l t h  bureaux 
and i n c l u d i n g  a  h e a l t h  o f f i c e  t o  monitor  c o n t r o l  o f ,  and 
v a c c i n a t i o n  a g a i n s t ,  communicable d i s e a s e s .  

6. School h e a l t h  s e r v i c e s  a r e  covered by r u r a l  h e a l t h  u n i t s  
and t h e  r u r a l  c e n t e r s  a s  w e l l  a s  by comprehensive school  
h e a l t h  u n i t s .  S e r v i c e s  o f f e r e d  i n c l u d e  p h y s i c a l  examina- 
t i o n s ,  v a c c i n a t i o n s  and c u r a t i v e  s e r v i c e s .  I n  a d d i t i o n ,  
s p e c i a l i z e d  school  h e a l t h  u n i t s  provide  a  v a r i e t y  of  
s p e c i a l i s t  t r e a t m e n t  s e r v i c e s .  

7. H o s p i t a l s :  t h e  p r e s e n t  system o f f e r s  s e v e r a l  d i f f e r e n t  
c a t e g o r i e s  of  h o s p i t a l s ,  some of  which have o u t p a t i e n t  
a s  w e l l  a s  i n p a t i e n t  s e r v i c e s .  H o s p i t a l s  v a r y  i n  t h e  
number of f a c i l i t i e s  and beds.  D i s t r i c t  h o s p i t a l s  a r e  
l o c a t e d  i n  a  "Markaz" ( d i s t r i c t  c e n t e r )  and gove rno ra t e  
h o s p i t a l s  a r e  g e n e r a l l y  l o c a t e d  i n  t h e  c a p i t a l  c i t y  of 
t h e  gove rno ra t e .  I n  a d d i t i o n  t o  g e n e r a l  h o s p i t a l s ,  t h e r e  
a r e  h s o p i t a l s  s p e c i a l i z i n g  i n  t h e  t r e a t m e n t  of  one d i s -  
e a s e  a s  w e l l  a s  p r i v a t e  and m i l i t a r y  h o s p i t a l s  which 
c a t e r  f o r  a  r e s t r i c t e d  p u b l i c .  

Popu la t i on  i n  Egypt 

I n  Egypt,  a  popu la t i on  census  i s  he ld  eve ry  t e n  y e a r s :  t h e  
l a s t  c ensus  took  p l a c e  i n  1960. Circumstances of  war have r en -  
de red  it inexped ien t  t o  c a r r y  o u t  a  complete  census  s i n c e  t h a t  
d a t e .  A sample census  was he ld  i n  1966. 

The s i z e  of popu la t i on  i n  any i n t e r v e n i n g  year  was e s t ima ted  
on t h e  assumption of a  geometr ic  p rog re s s ion  w i t h  a n  annual  growth 
r a t e  between 1960 and 1970 of  2.54 p e r c e n t  which r ep re sen ted  



t h e  annua l  r a t e  of  i n c r e a s e  between t h e  1960 and t h e  1966 sample 
census .  Subsequent  t o  1970, a n  e s t i m a t e  o f  t h e  popu la t i on  has  
been made on t h e  b a s i s  o f  a  modi f ied  growth r a t e  o f  2 . 2 4  p e r c e n t  
which t a k e s  accoun t  o f  t h e  o b s e r v a b l e  d e c l i n e  i n  t h e  b i r t h  r a t e  
ove r  t h e  l a s t  few y e a r s  [ 5 1 .  

The age  and sex  d i s t r i b u t i o n  o f  t h e  p o p u l a t i o n  a s  r evea l ed  
by t h e  1960 census  i s  shown i n  Table  1  [ 6 ] .  

Tab l e  1. Popu la t i on  by age  and sex (1960 popu la t i on  c e n s u s ) .  

Population 
Age Group 

Male % Female % Total % 

Under 1 year 

1 -  4 

5 -  9 

10 - 14 

15 - 19 

20 - 24 

25 - 29 

30 - 34 

35 - 39 

40 - 44 

45 - 49 

5 0  - 54 

55 - 59 

6 0  - 64 

65 - 69 

70 - 74 

75 & over 

Not stated 



R u r a l  H e a l t h  S e r v i c e s  

S i x t y  p e r c e n t  o f  t h e  E g y p t i a n  p o p u l a t i o n  a r e  r u r a l  i n h a b i -  
t a n t s .  T h i s  d e m o n s t r a t e s  t h e  impor tance  o f  t h e  r o l e  p layed  by 
r u r a l  h e a l t h  s e r v i c e s  i n  t h e  h e a l t h  c a f e  d e l i v e r y  sys tem i n  
Egypt .  

The u l t i m a t e  g o a l  o f  t h e  r u r a l  h e a l t h  s e r v i c e s  i s  t o  p r o v i d e  
f o u r  o u t p a t i e n t  c l i n i c s  and one r u r a l  h o s p i t a l  of  10-14 beds  p e r  
20,000 r u r a l  i n h a b i t a n t s .  I n  t h e  l a s t  d e c a d e ,  t h e  number o f  o u t -  
p a t i e n t  c l i n i c s  i n c r e a s e d  f i v e f o l d  and r u r a l  h o s p i t a l  beds  by a  
t h i r d .  I n  1970, t h e  g o a l  was s t i l l  f a r  from b e i n g  a c h i e v e d ,  
s i n c e  t h e r e  was o n e  o u t p a t i e n t  c l i n i c  p e r  11,000 p e r s o n s  and one  
bed p e r  2500 p e o p l e .  

Endemic D i s e a s e  S e r v i c e s  

The c o n t r o l  o f  endemic d i s e a s e  i n  Egypt i n c l u d e s  b o t h  p r e -  
v e n t i v e  and c u r a t i v e  f u n c t i o n s .  

The p r e v e n t i v e  f u n c t i o n  i s  concerned  w i t h  v e c t o r  c o n t r o l  and 
i s  c a r r i e d  o u t  by b i l h a r z i a s i s  i n s p e c t o r a t e s  and c e n t e r s  and ma- 
l a r i a  i n s p e c t o r a t e s  and s t a t i o n s  i n  a d d i t i o n  t o  m e d i c a l  i n s p e c -  
t o r a t e s  and u n i t s  f o r  t h e  c o n t r o l  of i n s e c t s .  T h e r e  was a n  i n -  
c r e a s e  i n  t h e  number o f  t h e s e  s e r v i c e s ,  e x c e p t  f o r  t h e  l a s t  c a t e -  
g o r y  whose main f u n c t i o n  i s  t o  combat s u c h  q u a r a n t i n a b l e  d i s -  
e a s e s  a s  y e l l o w  f e v e r  ( T a b l e  2 ) .  

T a b l e  2. P r e v e n t i v e  s e r v i c e s  a g a i n s t  endemic d i s e a s e s .  

Year 
Service 

1960 1970 

Bilharziasis inspectorates 13 39 

Bilharziasis centers 71 165 

Malaria stations 46 79 

Malaria inspectorates 7 8 166 

Medical insect inspectorates 11 13 



The c u r a t i v e  s e r v i c e  cove r s  o u t p a t i e n t  t r e a t m e n t  and hospi-  
t a l i z a t i o n  of compl ica ted  o r  advanced c a s e s .  Th i s  f u n c t i o n  is  
c a r r i e d  by endemic d i s e a s e  h o s p i t a l s  and u n i t s ,  r u r a l  h e a l t h  
u n i t s  and school  h e a l t h  u n i t s .  

A s  shown i n  Table  3 ,  t h e  number of  endemic d i s e a s e  u n i t s  i s  
n e a r l y  c o n s t a n t ,  wh i l e  t h e  number of  s p e c i a l  beds i s  d imin i sh ing .  
T h i s  i s  due t o  t h e  f a c t  t h a t  t r e a t m e n t  of endemic d i s e a s e s  i s  
becoming s imp le r  and s a f e r  and i s  c a r r i e d  o u t  i n  o u t p a t i e n t  cen- 
t e r s ,  i . e .  i n  n o n s p e c i f i c  c e n t e r s  w i thou t  much need f o r  hospi -  
t a l i z a t i o n .  Complicated c a s e s  a r e  t r e a t e d  i n  g e n e r a l  and d i s -  
t r i c t  h o s p i t a l s .  

Table  3. C u r a t i v e  s e r v i c e s  f o r  endemic d i s e a s e s .  

Year 
Service 

1960 1970 

Endemic disease un i t s  

Number 

Beds 

Rural un i t s  with beds 

Number 

Beds 

Rural un i t s  without beds 254 1208 

Mate rn i ty  and Chi ld  Welfare S e r v i c e s  (MCH) 

The c a r e  of  expec t an t  and nu r s ing  mothers  and o f  t h e i r  b a b i e s  
i s  one  of t h e  most impor tan t  branches  of  p r e v e n t i v e  medic ine .  
Chi ld  bea r ing  i s  a p h y s i o l o g i c a l  p roces s  and ma te rna l  morb id i ty  
must be  regarded  fundamental ly.  a s  p reven tab l e  by e f f i c i e n t  medica l  
and s o c i a l  c a r e .  Th i s  t a s k  is  more d i f f i c u l t  i n  t h e  f a c e  of  pre-  
e x i s t i n g  d i s e a s e  o r  p e l v i c  a b n o r m a l i t i e s ,  b u t  even i n  such c a s e s  
much can  be done t o  reduce  r i s k s .  The newly-born i n f a n t  f a c e s  a  
h o s t i l e  environment of p o t e n t i a l  i n f e c t i o n  and i n j u r y  which con- 
t i n u e s  t o  t a k e  a  heavy t o l l .  A t  b i r t h ,  t h e r e  i s  a l s o  a  r i s k  of 



i n j u r y  which may b e  f u n c t i o n a l  o r  a n a t o m i c a l ;  b e f o r e  b i r t h ,  ma- 
t e r n a l  d i s e a s e s  may c a u s e  f o e t a l  m o r t a l i t y  o r  s u c h  damagz a s  
i m p a i r s  l i f e  f rom t h e  o u t s e t .  C a r e f u l  n u r s i n g  and  f e e d i n g  a r e  
e s s e n t i a l  t o  t h e  h e a l t h  o f  t h e  baby and m o t h e r s  o f t e n  need ad- 
v i c e  o n  t h i s  s u b j e c t .  The e f f i c i e n c y  o f  t h e  s e r v i c e s  must t h e r e -  
f o r e  b e  c o n s t a n t l y  t e s t e d .  

The s e r v i c e s  a r e  s u p p l i e d  by u r b a n  MCH c e n t e r s  a s  w e l l  a s  
by s p e c i a l  s e c t i o n s  i n  t h e  r u r a l  h e a l t h  c e n t e r s  and u n i t s .  Hos- 
p i t a l i z a t i o n  i s  p o s s i b l e  i n  m a t e r n i t y  and i n f a n t - c a r e  h o s p i t a l s ,  
w i t h  t h e  p o s s i b i l i t y  o f  r e s t r i c t e d  i n p a t i e n t  c a r e  i n  c e r t a i n  
MCH c e n t e r s .  About 40 p e r c e n t  o f  a l l  d e l i v e r i e s  o c c u r  under  su-  
p e r v i s i o n  o f  t h e s e  governmenta l  c e n t e r s .  

Urban MCH C e n t e r s :  The number o f  t h e s e  c e n t e r s  doubled  i n  
t e n  y e a r s ,  r i s i n g  f rom 95 i n  1960 t o  205 i n  1970. The number 
r o s e  s t e a d i l y  and by 1970,  t h e r e  was a n  a v e r a g e  o f  two b e d s  p e r  
u n i t  f o r  emergency c a s e s .  

R u r a l  MCH S e r v i c e s :  U n f o r t u n a t e l y  t h e r e  a r e  n o t  a v a i l a b l e  
s t a t i s t i c s  on  MCH a c t i v i t i e s  i n  r u r a l  a r e a s .  However, t h e  num- 
b e r  o f  u n i t s  c o r r e s p o n d s  t o  t h a t  o f  r u r a l  h e a l t h  c e n t e r s  and u n i t s  
d i s c u s s e d  above. 

School  H e a l t h  S e r v i c e s  

These  s e r v i c e s  a r e  o f  major  impor tance  i n  h e a l t h  c a r e  d e l i v -  
e r y  i n  Egypt ,  s i n c e  35 p e r c e n t  o f  t h e  E g y p t i a n  p o p u l a t i o n  f a l l s  
i n t o  t h e  a g e  g r o u p  5 t o  20 y e a r s .  School  c h i l d r e n  c o n s t i t u t e  a 
w e l l - d e f i n e d  g r o u p  where p r e v e n t i v e  measures  and e a r l y  d e t e c t i o n  
c a n  b e  c a r r i e d  o u t  e f f i c i e n t l y  and t h r o u g h  which t h e  h e a l t h  edu- 
c a t i o n  o f  t h e  whole f a m i l y  c a n  b e  a c h i e v e d .  

School  h e a l t h  s e r v i c e s  a r e  c a r r i e d  o u t  by: 

- School  h e a l t h  h o s p i t a l s ;  

- School  h e a l t h  c e n t e r s  w i t h  s p e c i a l i s t  s e r v i c e s  (ou tpa-  
t i e n t  c l i n i c s )  ; 

- School  h e a l t h  u n i t s  w i t h  G P  s e r v i c e s  ( o u t p a t i e n t  c l i n i c s ) ;  

- H e a l t h  v i s i t o r s  i n  i n d i v i d u a l  s c h o o l s .  

The number o f  s c h o o l  h e a l t h  s e r v i c e s  i n c r e a s e d  from 143 i n  
1960 t o  205 i n  1970; main ly  i n  c e n t e r s  and u n i t s .  Beds i n c r e a s e d  
from 246 t o  424 i n  t h e  same p e r i o d ,  i n d i c a t i n g  t h a t  many s c h o o l  
c h i l d r e n  a r e  t r e a t e d  i n  g e n e r a l  and  d i s t r i c t  h o s p i t a l s ,  e s p e c i a l l y  
i n  a r e a s  w i t h o u t  s c h o o l  h e a l t h  h o s p i t a l s .  



T a b l e  4. Breakdown o f  s c h o o l  h e a l t h  s e r v i c e s  (1963 t o  1 9 7 0 ) .  

I t em 1963 1970 

- - - - - - - - - 

School  en ro l lmen t*  3 ,840,035 4,976,582 

V i s i t s  1 ,244,000 3 ,973,000 

V i s i t s  p e r  1OOO s t u d e n t s  323 798 

H o s p i t a l i z a t i o n  6000 7000 

H o s p i t a l i z a t i o n  p e r  1000 s t u d e n t s  1.6 1 .4  

*Comprising p r imary ,  p r e p a r a t o r y ,  s econdary  and t r a i n i n g  t e a c h e r s '  i n s t i t u t e s .  

H o s p i t a l  S e r v i c e s  

The t o t a l  number o f  b e d s  was 74 ,596  i n  1970. Compared t o  
1960,  t h a t  r e p r e s e n t s  a n  i n c r e a s e  o f  18,922 b e d s  a t  a n  a v e r a g e  
a n n u a l  r a t e  o f  a b o u t  1500. The i n c r e a s e  was d u e  t o  t h e  e x p a n s i o n  
o f  a l r e a d y  e x i s t i n g  h o s p i t a l s  as  w e l l  a s  t o  t h e  e s t a b l i s h m e n t  o f  
new u n i t s .  

The number o f  b e d s  p e r  100,000 o f  p o p u l a t i o n  remained n e a r l y  
c o n s t a n t  ( a b o u t  2 2 0 ) .  The main burden  i n  h o s p i t a l  s e r v i c e s  f a l l s  
o n  t h e  o u t p a t i e n t  c l i n i c s .  

Crude s t a t i s t i c s  show t h a t  12 ,586 ,000  v i s i t s  were  made t o  
o u t p a t i e n t  c l i n i c s  i n  1970. T h i s  means t h a t  e a c h  h o s p i t a l  had 
a b o u t  72,000 v i s i t s  i n  t h a t  y e a r ,  o r  1400 v i s i t s  p e r  week. It 
h a s  been  c a l c u l a t e d  t h a t  125 p e o p l e  o u t  o f  e v e r y  1000 s o u g h t  
m e d i c a l  a d v i c e  i n  t h e s e  c l i n i c s .  

M e n t a l  I l l n e s s  

I n  r e c e n t  y e a r s ,  t h e r e  h a s  been  a n  i n c r e a s e d  demand f o r  
p s y c h i a t r i c  h e l p  among t h e  g e n e r a l  p o p u l a t i o n .  C o n s e q u e n t l y ,  
t h e  number o f  u n i t s  i n c r e a s e d  f rom 13  i n  1960 t o  36 i n  1970 
and  t h e  number o f  b e d s  f rom 3334 t o  5868. 

I n  1970, t h e  t o t a l  number o f  v i s i t s  was 135,000 as compared 
w i t h  29,000 i n  1960, r e p r e s e n t i n g  o n e  v i s i t  p e r  1000 of popula-  
t i o n  i n  1960 and f o u r  v i s i t s  p e r  1000 i n  1970.  

The number o f  h o s p i t a l i z a t i o n s  was n e a r l y  s t a b l e  a t  5000 
p a t i e n t s ,  m a i n l y  p e r s o n s  d a n g e r o u s  t o  t h e m s e l v e s  and t o  t h e  com- 
m u n i t y .  The a v e r a g e  t u r n o v e r  d u r i n g  t h e  p e r i o d  1960-1970 was 
a b o u t  1 . 3  p a t i e n t s  a  y e a r .  



Emphasis on Prevent ion  

A b a s i c  p r i n c i p l e  of  h e a l t h  s e r v i c e s  i s  t o  s t r e s s  prevent ion .  
Th i s  should s t a r t  du r ing  i n t r a u t e r i n e  l i f e  by proper  a n t e n a t a l  
c a r e  fol lowed by l a b o r  and p o s t n a t a l  c a r e .  Th i s  s e r v i c e  i s  o f f e r -  
ed by MCH c e n t e r s  a s  w e l l  a s  r u r a l  h e a l t h  c e n t e r s  a s  we l l  a s  gen- 
e r a l  and s p e c i a l  h o s p i t a l s .  

P r o t e c t i o n  of  i n f a n t s  and young c h i l d r e n ,  a s  w e l l  a s  of t h e  
community a s  a  whole, a g a i n s t  i n f e c t i o u s  d i s e a s e s  depends mainly 
on  massive v a c c i n a t i o n  programs and i s o l a t i o n  of p a t i e n t s  i n  spe- 
c i a l  h o s p i t a l s .  Vaccina t ion  i s  o b l i g a t o r y  d u r i n g  t h e  f i r s t  yea r  
o f  l i f e  and i s  adminis te red  according  t o  t h e  i n t e r n a t i o n a l  scheme. 
Booster  doses  a r e  g iven  t o  s choo l  c h i l d r e n ,  t o  vu lne rab le  groups 
and a s  a  q u a r a n t i n e  measure t o  i n t e r n a t i o n a l  t r a v e l l e r s  and i n  
c i rcumstances  where t h e r e  i s  a  r e a l  danger of t h e  spread  o f  an 
epidemic. The main r e s p o n s i b i l i t y  f o r  v a c c i n a t i o n  f a l l s  on h e a l t h  
bureaux a s  w e l l  a s  on r u r a l  and school  h e a l t h  u n i t s .  

Screening  i s  used a s  a  measure of  e a r l y  d e t e c t i o n  mainly f o r  
pulmonary t u b e r c u l o s i s  through mass rad iography;  it i s  fol lowed 
by t h e  immunization o f  s u s c e p t i b l e  i n d i v i d u a l s  and t h e  i s o l a t i o n  
o f  a c t i v e  c a s e s  i n  5 4  c h e s t  d i s e a s e  s a n a t o r i a .  The number of  
c h e s t  d i s p e n s a r i e s  has  doubled i n  t h e  l a s t  decade,  r each ing  85 
u n i t s  i n  1970. There was an average  o f  1230 v i s i t s  p e r  month t o  
each  o u t p a t i e n t  c l i n i c .  P e r i o d i c  s c reen ing  f o r  o t h e r  d i s e a s e s ,  
s p e c i a l l y  b i l h a r z i a s e s  and cance r ,  i s  c a r r i e d  o u t  on a  l i m i t e d  
s c a l e .  

HEALTH MANPOWER 

CAPMAS c l a s s i f i e s  manpower working i n  medical  e s t ab l i shmen t s  
i n t o  t e n  main c a t e g o r i e s :  phys i c i ans ,  pharmacis t s ,  t e c h n i c i a n s ,  
n u r s i n g  s t a f f ,  s o c i a l  workers ,  midwives and a s s i s t a n t  midwives, 
d e n t a l  t e c h n i c i a n s ,  a d m i n i s t r a t o r s  and a u x i l i a r i e s .  O f f i c i a l  
s t a t i s t i c s  have been publ i shed  f o r  t h e  pe r iod  1967 t o  1970. 

Phys i c i ans  

There i s  a  s e r i o u s  sho r t age  o f  d o c t o r s  i n  medical  e s t a b l i s h -  
ments. The r a t e  of  i n c r e a s e  i n  t h e  number of phys i c i ans  l a g s  
f a r  behind t h e  popu la t ion  growth r a t e .  The r a t i o n  was 2.4 pe r  
1000 o f  popu la t ion  i n  1967; it had dropped t o  1.8 p e r  1000 i n  
1970. Two t h i r d s  of t h e s e  d o c t o r s  work i n  government e s t a b l i s h -  
ments. 

Pharmacis t s  

I n  c o n t r a s t  t o  phys i c i ans ,  t h e  number of  pharmacis t s  r e l a -  
t i v e  t o  popu la t ion  inc reased  from 1.9 p e r  100,000 t o  2.5 pe r  
100,000 over  t h e  pe r iod  1967 t o  1970. Nearly h a l f  of them work 
i n  government e s t ab l i shmen t s .  



Nursing S t a f f  

The number of nu r s ing  s t a f f  d i d  n o t  i n c r e a s e  i n  t h e  pe r iod  
under  s tudy .  Consequently,  t h e r e  has  been con t inuous  d r o p  i n  
t h e i r  numbers r e l a t i v e  t o  p r a c t i c i n g  p h y s i c i a n s ,  t h e  r a t i o  be ing  
2.2 i n  1970. The r a t i o  i s  b e t t e r  (3 .7)  i n  u n i v e r s i t y  h o s p i t a l s  
t h a n  i n  o t h e r s .  

Midwives and A s s i s t a n t  Midwives 

On t h e  assumption t h a t  each  pregnancy t e rmina t ed  i n  a  l i v e  
b i r t h ,  t h e  s t a t i s t i c s  show t h a t  t h e  number of  midwives p e r  1000 
d e l i v e r i e s  i nc reased  from 5.3 t o  6.6 d u r i n g  t h e  pe r iod  1967 t o  
1970. 

Technic ians  

The number of  t e c h n i c i a n s  was f a i r l y  c o n s t a n t  d u r i n g  t h e  
p e r i o d  1967 t o  1972. Consequently,  t h e i r  number r e l a t i v e  t o  
popu la t i on  dec reased  from 13.2 per  100,000 t o  12.1 pe r  100,000 
ove r  t h e  pe r iod .  Eighty-e ight  p e r c e n t  of  them work i n  govern- 
ment i n s t i t u t i o n s .  

CONCLUSION 

The preceding  s t a t i s t i c s  show t h a t  d e f i c i e n c i e s  e x i s t e d  i n  
some of  t h e  h e a l t h  s e r v i c e s  i n  t h e  pe r iod  1960 t o  1970. These 
d e f i c i e n c i e s  were f u r t h e r  aggrava ted  by t h e  r e g i o n a l  d i s t r i b u -  
t i o n  o f  s e r v i c e s  and manpower. C e r t a i n  a r e a s ,  e .g .  t h e  c a p i t a l ,  
a r e  much b e t t e r  se rved  t h a n  o t h e r s ,  s p e c i a l l y  a s  f a r  a s  t h e  p r i -  
v a t e  s e c t o r  of  h e a l t h  s e r v i c e s  i n  concerned.  Budget l i m i t a t i o n s ,  
l a c k  of pe r sonne l ,  s o c i a l  c o n d i t i o n s ,  e t c .  a r e  among t h e  f a c t o r s  
r e s p o n s i b l e  f o r  t h e s e  d e f i c i e n c i e s .  

The a v a i l a b i l i t y  of  c o r r e c t  and r e l i a b l e  s t a t i s t i c s  i s  a  
must. T h i s  cou ld  be achieved  i n  a  deve loping  coun t ry ,  l i k e  Egypt, 
i f  we can:  

- Have a  s u f f i c i e n t  number of  t r a i n e d  pe r sonne l ;  

- Convince medica l  and nonmedical h o s p i t a l  s t a f f ,  t h a t  
s t a t i s t i c s  a r e  n o t  merely s o  much paper  b u t  of v a l u e  f o r  
proper  h e a l t h  c a r e  d e l i v e r y ;  

- Have s t a n d a r d i z e d  d e f i n i t i o n s  of d i f f e r e n t  s e r v i c e s  and 
t y p e s  of manpower. Examination of  y e a r l y  s t a t i s t i c s  
sometimes shows marked f l u c t u a t i o n s  which could  be  ex- 
p l a i n e d  by t h e  f a c t  t h a t  a  p a r t i c u l a r  c a t e g o r y  appea r s  
under  one  heading i n  a  g iven  yea r  and under  ano the r  head- 
i n g  i n  a  subsequent  year ;  



- Use computer t e c h n i q u e s  t o  p r o c e s s  t h e  w e a l t h  o f  informa-  
t i o n  o b t a i n e d ;  

- Apply c o n t r o l  methods t o  g u a r a n t e e  t h a t  i n f o r m a t i o n  i s  
s u p p l i e d  c o m p l e t e l y  and c o r r e c t l y .  

A  m u l t i s t a g e  sys tem i s  s u g g e s t e d .  The f i r s t  s t a g e  would be 
manual and  c a r r i e d  o u t  a t  t h e  g o v e r n o r a t e  l e v e l .  S p e c i a l  forms 
must  b e  d e s i g n e d  f o r  t h i s  purpose .  The second s t a g e  would b e  t o  
send  some o f  t h e  b a s i c  i n f o r m a t i o n  t o  a  c e n t r a l  u n i t  t o  b e  pro-  
c e s s e d  e l e c t r o n i c a l l y .  I n  a d d i t i o n  t o  t h i s  a n a l y s i s  o f  h e a l t h  
s e r v i c e  a c t i v i t i e s ,  h e a l t h  manpower i n f o r m a t i o n  s h o u l d  b e  a l s o  
c o m p u t e r i z e d  c e n t r a l l y  and upda ted  a t  r e g u l a r  i n t e r v a l s .  A  more 
d e t a i l e d  s t u d y  o f  t h i s  i n f o r m a t i o n  s y s t e m  w i l l  b e  p u b l i s h e d  l a t e r .  
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Some Systems and C o n t r o l  Concep ts  f o r  

H e a l t h  Care  P l a n n i n g  and D i s e a s e  C o n t r o l  

A.Y. B i l a l  and N .  D a n i a l  

INTRODUCTION 

H e a l t h  h a s  been d e f i n e d  a s  a  s t a t e  o f  c o m p l e t e  p h y s i c a l ,  
m e n t a l  and s o c i a l  w e l l - b e i n g  and n o t  j u s t  t h e  a b s e n c e  o f  d i s e a s e  
o r  i n f i r m i t y .  I n  t h e s e  t e r m s ,  h e a l t h  i s  an  imaginary  s t a t e ;  t h e  
r e a l  s i t u a t i o n  is  t h a t  t h e r e  a r e  d i f f e r e n t  l e v e l s  of h e a l t h ,  from 
d i s e a s e  o r  d i s a b i l i t y  a t  t h e  bot tom t o  optimum h e a l t h  a t  t h e  t o p .  
A  man ( o r  mankind) f u n c t i o n s  i n  a  n a t u r a l  and s o c i a l  env i ronment  
t h a t  c o n t a i n s  a g e n t s  a f f e c t i n g  h i s  h e a l t h .  Such e f f e c t s  v a r y  
w i t h  t h e  i n d i v i d u a l ' s  r e s i s t a n c e ,  s u s c e p t i b i l i t y  o r  a d a p t a b i l i t y  
t o  t h e s e  a g e n t s .  Envi ronmenta l  h e a l t h  programs a r e  u n d e r t a k e n  
t o  promote h e a l t h  and t o  p r e v e n t  o r  t o  l i m i t  d i s e a s e  and d i s -  
a b i l i t y .  However, man 's  h e a l t h  i s  n o t  o n l y  a f f e c t e d  by t h e  en- 
v i ronment  b u t ,  e s p e c i a l l y  a t  t h e  g r o u p  l e v e l ,  it i t s e l f  i n f l u -  
e n c e s  t h e  env i ronment .  T h i s  is  a  f e e d b a c k  sys tem ( F i g u r e  1 )  [ I ]  
which l e n d s  i t s e l f  e a s i l y  t o  a n a l y s i s  on t h e  b a s i s  o f  feedback  
c o n t r o l  t h e o r y .  Such a n a l y s i s  may o f f e r  u s  new d i r e c t i o n s  and 
m e t h o d o l o g i e s  f o r  h e a l t h  p l a n n i n g  and c o n t r o l .  

B e f o r e  d i s c u s s i n g  f u r t h e r  t h e  f a c t o r s  o u t l i n e d  i n  F i g u r e  1 ,  
it may b e  a p p r o p r i a t e  t o  c o n s i d e r  t h e  o p e r a t i o n  o f  a  f e e d b a c k  
c o n t r o l  sys tem a s  i l l u s t r a t e d  i n  F i g u r e  2 .  The d e s i r e d  r e f e r -  
e n c e  o u t p u t  de te rmined  by some dec i s ion-making  p r o c e s s ,  i s  com- 
p a r e d  t o  t h e  a c t u a l  o u t p u t  o r  c o n d i t i o n ,  a s  p e r c e i v e d  t h r o u g h  
some p r o c e s s  o f  i n f o r m a t i o n  feedback .  Any d i s c r e p a n c i e s  between 
t h e  d e s i r e d  o u t p u t  and t h e  a c t u a l  o u t p u t  c a u s e  t h e  c o n t r o l l e r  
t o  a t t e m p t  t o  r e d u c e  t h e  d i s c r e p a n c y  by m a n i p u l a t i n g  c o n t r o l l a b l e  
i n p u t s .  T h i s  i s  a  c o n t i n u i n g  p r o c e s s .  The c o n t r o l l e r  must re- 
a c t  t o  t h e  e f f e c t s  o f  u n c o n t r o l l e d  i n p u t s  and c o u n t e r  t h e  e f f e c t s  
o f  a n t i c i p a t e d  d i s t u r b a n c e s  ( i . e .  i n p u t  v a r i a b l e s  which c a n n o t  
b e  c o n t r o l l e d ) ,  t h r o u g h  f e e d  fo rward  i n f o r m a t i o n .  T h e r e  a r e  
f o r m i d a b l e  b a r r i e r s  i n  t h e  way of  a  f u l l  s c a l e  a p p l i c a t i o n  o f  
c o n t r o l  c o n c e p t s  t o  s o c i a l  s y s t e m s ,  main ly  a r i s i n g  from t h e  i m -  
p o s s i b i l i t y  o f  measur ing  o r  even i d e n t i f y i n g  a l l  t h e  v a r i a b l e s  
t h a t  a f f e c t  a  g i v e n  s y s t e m ' s  o p e r a t i o n .  T h e r e  i s  o f t e n  a  prob-  
l e m  i n  t h e  s p e c i f i c a t i o n  o f  r e a l i z a b l e  o b j e c t i v e s .  Of c o u r s e ,  
t h e  c o n t r o l l e r  ( o r  a d m i n i s t r a t o r s )  must have  a  c l e a r  i d e a  o f  
how t h e  sys tem o p e r a t e s ,  i .e .  how it r e s p o n d s  t o  c h a n g e s  i n  i n -  
p u t .  I n  p a r t i c u l a r ,  among a l l  c o n t r o l l a b l e  i n p u t s ,  t h o s e  t h a t  
w i l l  a c h i e v e  t h e  d e s i r e d  r e s u l t s  must b e  i d e n t i f i e d .  
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THE ENVIRONMENTAL HEALTH SYSTEM (MAJOR CONCEPTUAL SUBSYSTEMS) 

Environmental h e a l t h  is  most d i r e c t l y  concerned wi th  t h e  
wel l -be ing  o f  humans l i v i n g  i n  communities.  For t h i s  r ea son  
F igu re  3  i s  a  modif ied expansion of  F i g u r e  1 ,  based on t h e  con- 
c e p t s  of  F igu re  2; it w i l l  be o u r  b a s i c  model f o r  t h e  h e a l t h  
system and w i l l  be cons idered  i n  f u r t h e r  s t u d i e s  d e a l i n g  wi th  
t h e  des ign  o f  op t ima l  programs w i t h  t h e  o b j e c t i v e  of promoting 
and p r o t e c t i n g  human h e a l t h .  

I n  F igu re  3 ,  f a c t o r s  w i t h i n  t h e  p h y s i c a l  and s o c i a l  envi ron-  
ments i n t e r a c t  t o  produce environmental  h e a l t h  problems and ben- 
e f i t s .  I n  a d d i t i o n  t o  d i r e c t  e f f e c t s  on man's h e a l t h ,  such f ac -  
t o r s  produce s i g n i f i c a n t  e c o l o g i c a l ,  economic and a e s t h e t i c  con- 
sequences  which i n t e r a c t  w i th  and i n f l u e n c e  human h e a l t h  f o r  
b e t t e r  o r  f o r  worse. The feedback in fo rma t ion  r e p r e s e n t s  t h e  
combined e f f e c t  upon h e a l t h  and upon o t h e r  f a c t o r s  which a g a i n  
i n f l u e n c e  t h e  environmental  f o r c e s  themselves.  F i g u r e  4  shows 
t h e  e lements  involved  i n  each subsystem i n  some d e t a i l  i n  o r d e r  
t o  i n d i c a t e  t h e i r  g e n e r a l  r e l a t i o n s h i p s  [I  ] . 

I n  F igu re  4 ,  humans may be  exposed t o  s t r e s s e s  d i r e c t l y  a t  
t h e i r  sou rces  ( lA,  l E ) ,  o r  t h e  s t r e s s e s  may r e a c h  them through 
v a r i o u s  media (1B) a long  pathways t h a t  can  be l ong ,  complicated 
and r e l a t i v e l y  i n d i r e c t .  

The b i o l o g i c a l  e lement -se t  i n c l u d e s  "o the r  humans" i n  t h e  
s e n s e  t h a t  man can  be t h e  sou rce  of b i o l o g i c a l  a g e n t s  such a s  
pa thogenic  microorganisms,  i n  o t h e r  words, he c a n  be a  r e s e r v o i r  
o r  c a r r i e r  of  i n f e c t i o n  a s  w e l l  a s  a  c a r r i e r  of p o t e n t i a l l y  
hazardous chemica l  and p h y s i c a l  environment. On t h e  o t h e r  hand, 
a  s p e c i a l  s e t  o f  s t r e s s e s ,  d i s e a s e s ,  d e f e c t s  and o t h e r  patho-  
p h y s i o l o g i c a l  s t a t e s  may be  t r a n s m i t t e d  g e n e t i c a l l y  o r  o t h e r -  
wise  from humans t o  t h e i r  o f f s p r i n g  (1A4-4). Food, i nc lud ing  
d r i n k i n g  wa te r  and mi lk ,  c o n s t i t u t e s  a  main pathway through 
which envi ronmenta l  f a c t o r s  can  a f f e c t  man. 

I n  cons ide r ing  t h e  s o c i a l  environment a s  it a f f e c t s  human 
h e a l t h ,  one f i n d s  t h a t  t h e  concep t s  involved  a r e  l e s s  c l e a r  t h a n  
t h o s e  d e s c r i b i n g  t h e  p h y s i c a l  environment. The f a c t o r s  and t h e i r  
r e l a t i o n s h i p s  a r e  n o t  a c c u r a t e l y  o r  comple te ly  d e f i n e d ,  a s  i n  
t h e  c a s e  of p h y s i c a l  f a c t o r s .  This  probably  r e f l e c t s  t h e  r e l a -  
t i v e  underdevelopment of  t h e  s o c i a l  s c i e n c e s  compared w i t h  t h e  
n a t u r a l  s c i e n c e s .  

However, t h e  s o c i a l  environment may be concep tua l i zed  a s  
be ing  composed of g e n e r a l  f a c t o r s  (2A) such a s  demography, econ- 
omy, educa t ion ,  s o c i a l  o r g a n i z a t i o n  and c u l t u r e ,  on which would 
depend de r ived  f a c t o r s  (2B) such a s  occupat ion  and n u t r i t i o n  and 
t h e  t y p e  of  h e a l t h  c a r e  a v a i l a b l e  i n  t h e  community. F a c t o r s  i n  
t h e  s o c i a l  environment would cause  t h e  d i r e c t  exposure  o f  people  
t o  p sycho log ica l  and o t h e r  s t r e s s e s  (2D-4) and t o  p o t e n t i a l l y  
heal th-promoting f a c t o r s  (2B3-4), a s  w e l l  a s  t h e  m o d i f i c a t i o n  of  
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such  exposures  through t h e  p roces s  of s o c i a l  a d a p t a t i o n  (2C-4) 
by means of  w e l f a r e  programs, changes of a t t i t u d e ,  e s t a b l i s h -  
ment of  s t a n d a r d s  and group i d e o l o g i e s  which s e r v e  a s  s h i e l d s  
and f i l t e r s  a g a i n s t  o t h e r  s t r e s s e s .  

Forces  i n  t h e  environment bea r  i n d i r e c t l y  on h e a l t h  by 
producing e f f e c t s  on t h e  ecology,  economy and a e s t h e t i c  m i l i e u  
(2-3) . Such f o r c e s  a c t  on t h e  immediate environment ( e .g .  , by 
inducing  changes i n  housing p o l i c i e s ) , o r  on t h e  more d i s t a n t  
environment ( e .g . ,  by c o n t r o l l i n g  water  p o l l u t i o n ) ,  i n  ways 
which may have d i f f e r i n g  e f f e c t s  on h e a l t h .  

The h e a l t h  s t a t u s  of  t h e  i n d i v i d u a l  is a f f e c t e d  no t  o n l y  
by such  h o s t  f a c t o r s  ( 4 B )  a s  n a t u r a l  o r  induced immunity, nu- 
t r i t i o n  and educa t ion ,  bu t  a l s o  by h i s  cont inuous  exposure  t o  
t h e  environment (1,2-4A). H i s  p sycho log ica l  and somat ic  r eac -  
t i o n s  (4C) may be s t imu la t ed  by a  combinat ion of t h e s e  f a c t o r s  
and expe r i ences .  Exposure t o  environmental  f o r c e s  may t r i g g e r  
r e a c t i o n s  (4A-4C)  i n  t h e  form of  p r o t e c t i v e  behavior ,  t h a t  s e r v e s  
t o  avo id ,  reduce  o r  t e rmina t e  exposure .  The e f f e c t s  of  ex- 
posure  depend on t h e  r e l a t i o n s h i p  between it and t h e  i n d i v i d u a l ' s  
t o l e r a n c e  and a d a p t a b i l i t y  (4D). The l a t t e r  r e p r e s e n t s  t h e  com- 
b i n a t i o n  of  t h e  s t a t e  of  h i s  h o s t  f a c t o r  (4B) and h i s  r e a c t i v e  
c a p a c i t y  (4C). The re fo re ,  feedback may be produced i n  t h e  in-  
d i v i d u a l  by modifying somatic  and psycho log ica l  h o s t  f a c t o r s  
(4E1,4E2-4B) wi th  o r  wi thout  any c l i n i c a l  s i g n s  o r  symptoms be- 
i n g  appa ren t .  The r e s u l t s  of exposure  may no t  be  l i m i t e d  t o  
p sycho log ica l  and somat ic  e f f e c t s  upon t h e  i n d i v i d u a l  exposed 
b u t  may extend  t o  g e n e t i c  and o t h e r  e f f e c t s  (4E3) ,  p laced  a t  
t h e  boundary o f  t h e  ' ' i nd iv idua l  human system" and f e l t  o n l y  by 
" f  u t u r e  g e n e r a t i o n s " .  

F i n a l l y ,  e f f e c t s  upon i n d i v i d u a l s  c o n t r i b u t e  t o  t h e  " t o t a l  
e f f e c t  on man and h i s  we l f a r e" ,  changing t h e  s t a t e  of t h a t  e l e -  
ment-set  and s t i m u l a t i n g  feedback t o  o t h e r  p a r t s  o f  t h e  envi ron-  
mental  h e a l t h  system. 

hlETHOD OF CONTROL (INTERVENTION) I N  A HEALTH CARE SYSTEM 

I t  i s  c l e a r  from t h e  p rev ious  s e c t i o n s ,  t h a t  i n  a  wel l -  
des igned  h e a l t h  program c o n t r o l  p o l i c i e s  should be d i r e c t e d  
towards environmental  s t r e s s e s ,  i n d i v i d u a l  and s o c i a l  behavior  
i n  r e sponse  t o  such s t r e s s e s  o r  a  combinat ion of bo th .  A r a -  
t i o n a l  c h o i c e  must be made among t h e  a l t e r n a t i v e  c o n t r o l  p o l i -  
c i e s  which can be  implemented i n  p r a c t i c e  i n c l u d i n g  i n t e r v e n t i o n s  
t o  induce  behav io ra l  changes i n  members of t h e  community, i n t e r -  
v e n t i o n s  i n  t h e  form of  c o n t r o l  and p reven t ive  s e r v i c e s  and i n t e r -  
v e n t i o n s  t o  a l t e r  o r  e l i m i n a t e  environmental  f a c t o r s .  F igu re  5 
i s  a proposed mod i f i ca t i on  o f  F igu re  1 t a k i n g  i n t o  c o n s i d e r a t i o n  
i n t e r v e n t i o n  o r  c o n t r o l  a c t i o n s  t h a t  could  b e  implemented by t h e  
h e a l t h  p lanning  personnel .  

The d e t a i l s  o f  t h e  box l a b e l e d  c o n t r o l  o r  i n t e r v e n t i o n  a r e  
shown i n  F i g u r e  6 .  T h i s  f i g u r e  c l e a r l y  shows a l t e r n a t i v e  



Figure 5. A feedback health system with a controller. 
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e n v i r o n m e n t a l  s t a t e s  
t o  p roduce  d i r e c t  a c  
t o  t h e  h e a l t h  system 
f o l l o w i n g  c a t e g o r i e s  

a s  i n p u t s  which may b e  manipu la ted  i n  o r d e r  
t i o n s  o r  p o l i c i e s  a s  o u t p u t s  t o  b e  a p p l i e d  . I n p u t  v a r i a b l e s  c a n  b e  grouped i n t o  t h e  

of  c o n t r o l  i n  t h e  s e n s e  o f  i n t e r v e n t i o n .  

1 .  C o n t r o l  i n  t h e  P h y s i c a l  Environment .  

1A. C o n t r o l  o f  c h e m i c a l  b i o l o g i c a l  a g e n t s ,  t e r a t o g e n i c  and 
and m u t a t o g e n i c  f a c t o r s ,  and p h y s i c a l  h a z a r d s  a t  t h e i r  
s o u r c e s  : 

1Al. C o n t r o l  o f  n a t u r a l  p r o c e s s e s  and c o n d i t i o n s ;  

1A2. R e g u l a t i o n  of  p r o d u c t i o n ,  consumption and t r a n s -  
p o r t a t i o n  ; 

1A3. C o n t r o l  o f  an imal  p o p u l a t i o n s  i n  c o n t a c t  w i t h  
man ; 

1A4. C o n t r o l  o f  human s o u r c e s  o f  i n f e c t i o n ,  g e n e t i c  
d e f e c t s  and p h y s i c a l  h a z a r d s  by i s o l a t i n g  p e r -  
s o n s  who pose  a  t h r e a t  t o  o t h e r s  and r e n d e r i n g  
d i s e a s e  c a r r i e r s  innocuous .  

1B. Maintenance of  e n v i r o n m e n t a l  media  ( a i r ,  w a t e r  and 
l a n d ) ,  i n  a  h e a l t h  p romot ive  s t a t e .  

1C. C o n t r o l  of  h a z a r d s  t h r o u g h  l i v i n g  l a n d  and w a t e r  
o rgan isms  t o  a  g r e a t e r  e x t e n t  t h a n  mere ly  p r e v e n t i n g  
o r  l i m i t i n g  c o n t a m i n a t i o n  a t  t h e  s o u r c e .  

ID. C o n t r o l  of  d i s e a s e s  t r a n s m i t t e d  by i n s e c t  v e c t o r s .  

1E. C o n t r o l  o f  wea ther  and c l i m a t i c  f a c t o r s .  

IF.  C o n t r o l  o f  a g e n t  i n f e c t i o n ,  i n f e s t a t i o n  and food 
p o i s o n i n g .  

2. C o n t r o l  i n  t h e  S o c i a l  Environment.  

2A. C o n t r o l  of  g e n e r a l  s o c i a l  f a c t o r s :  

2A1. C o n t r o l  o f  s i z e ,  c o m p o s i t i o n  and  d i s t r i b u t i o n  
of  p o p u l a t i o n ;  

2A2. C o n t r o l  of  income s o u r c e s ;  

2A3. C o n t r o l  of  e d u c a t i o n  and i n f o r m a t i o n  f a c t o r s ;  

2A4. M o d i f i c a t i o n  o f  cus toms  and b e h a v i o r ;  

2 ~ 5 .  M o d i f i c a t i o n  o f  s o c i a l  o r g a n i z a t i o n .  



2B. Con t ro l  of  de r ived  s o c i a l  f a c t o r s :  

2B1. Regulat ion o f  occupa t ions  i n  t h e  i n t e r e s t  of 
h e a l t h ;  

2B2. Regulat ion of  t h e  a v a i l a b i l i t y ,  a c c e s s i b i l i t y  and 
q u a l i t y  of  h e a l t h  c a r e ;  

2B3. Cont ro l  o f  t h e  n u t r i t i o n a l  s t a t e  of t h e  popu la t ion ;  

2B4. Cont ro l  of  housing,  goods and o t h e r  amen i t i e s  t o  
promote and mainta in  h e a l t h ;  

2B5. Cont ro l  of  m o b i l i t y  and mig ra t ion  of  people ;  

2B6. Cont ro l  o f  l e i s u r e  and r e c r e a t i o n  f a c i l i t i e s .  

2C. Cont ro l  of  s o c i a l  a d a p t a t i o n  p rocesses .  

3. Con t ro l  and Evalua t ion  of Eco log ica l ,  Economic and A e s t h e t i c  
E f f e c t s  o f  Proposed P o l i c i e s .  

4. Con t ro l  i n  t h e  Environmental Human System. 

4A. Cont ro l  of  exposure.  

4B. Con t ro l  o f  h o s t  f a c t o r s .  

4C. Modif ica t ion  of  t h e  i n d i v i d u a l  c a p a c i t y  t o  r e a c t  t o  
e x i s t i n g  and a n t i c i p a t e d  exposures.  

4D. Con t ro l  of t o l e r a n c e  o r  b i o l o g i c a l  a d a p t a t i o n .  

4E. Cont ro l ,  whenever p o s s i b l e ,  o f  f a i l u r e s  of environmental  
c o n t r o l  appear ing  a s  menta l ,  phys i ca l  and g e n e t i c  d i s -  
e a s e s  and d i s a b i l i t i e s .  

The r e s u l t  of  such c o n t r o l  w i l l  p rovide  t h e  necessa ry  feed- 
back informat ion  and i n d i c a t e  t h e  a c t i o n s  t o  be implemented, 
i n  t h e  l i g h t  o f  t h e  changes i n  t h e  community system needed i n  
o r d e r  t o  promote h e a l t h .  I n  F igu re  6  t h i s  i s  r ep resen ted  a s  
t h e  ou tpu t  of t h e  i n t e r v e n t i o n  and c o n t r o l  subsystem i n  t h e  form 
of a c t i o n s  t o  be taken .  Some of t h e s e  a c t i o n s  a r e  a s  fo l lows:  

- P o l i c i e s  concerning n a t u r a l  p rocesses  and c o n d i t i o n s ;  

- P o l i c i e s  concerning product ion ,  consumption and t r a n s -  
p o r t a t i o n  t o  reduce  p o l l u t i o n ;  

- P o l i c i e s  concerning d i s e a s e  t r ansmis s ion  and i n f e c t i o n ;  

- P o l i c i e s  concerning h e a l t h  educat ion;  

- P o l i c i e s  t o  c o u n t e r a c t  weather  and c l i m a t i c  f a c t o r s ;  



- P o l i c i e s  t o  modify customs and behavior ;  

- P o l i c i e s  t o  i n f l u e n c e  i n d i v i d u a l  h o s t  f a c t o r s ;  

- P o l i c i e s  t o  modify income f a c t o r s ;  

- P o l i c i e s  t o  c o n t r o l  m o b i l i t y  and mig ra t ion ;  

- P o l i c i e s  t o  modify i n d i v i d u a l  r e a c t i o n s  t o  e x i s t i n g  and 
a n t i c i p a t e d  exposure;  

- P o l i c i e s  t o  modify t h e  n u t r i t i o n a l  s t a t u s  of  t h e  popu- 
l a t i o n .  

DYNAMIC AND MULTILEVEL CONSIDERATIONS 

I n  d e a l i n g  w i t h  t h e  g e n e r a l i z e d  h e a l t h  system r e l a t i o n s h i p s  
p r e v i o u s l y  d i s c u s s e d ,  moni tor ing  a c t i o n s  and i n t e r v e n t i o n  pro- 
grams should  t a k e  i n t o  c o n s i d e r a t i o n  t h e  dynamics of  t h e  d i f -  
f e r e n t  f a c t o r s  involved .  I n  f a c t ,  t h e  whole s t r u c t u r e  is  a  d i s -  
t r i b u t i v e  parameter  system i n  which d i f f e r e n t  i s s u e s  o f  concern 
a r e  f u n c t i o n s  of  t ime  a s  w e l l  a s  space .  Some h e a l t h  f a c t o r s  
a r i s e  a t  a  c e r t a i n  t ime and p l a c e  and ex tend  outward t o  o t h e r  
t i m e s  and p l a c e s .  Some extend  over  g r e a t  geograph ica l  d i s t a n c e s  
and a f f e c t  more communities t h a n  o t h e r s .  Th i s  w i l l  r e s u l t  i n  a  
m u l t i l e v e l  c o n t r o l  h e a l t h  system i n  which t h e r e  is a  need f o r  
c o n t r o l  and c o o r d i n a t i o n  a t  d i f f e r e n t  l e v e l s .  The l e v e l s  may 
be  Local ,  n a t i o n a l ,  o r  i n t e r n a t i o n a l .  The s u c c e s s  of  any pre- 
v e n t i v e  a c t i o n  w i l l  depend on t h e  accuracy  of i n fo rma t ion  a v a i l -  
a b l e ,  t h e  o r g a n i z a t i o n  o r  s t r u c t u r e  o f  t h e  model proposed,  t h e  
t e c h n o l o g i c a l  s o l u t i o n  and t h e  amount of  r e s o u r c e s  i n  conjunc- 
t i o n  w i t h  t h e  e x i s t i n g  c o n s t r a i n t s .  F i g u r e  7  shows a  m u l t i l e v e l  
model f o r  t h e  h e a l t h  system, i n  which t h e  i n d i v i d u a l ' s  h e a l t h  
subsystem i s  c l e a r l y  emphasized r e l a t i v e  t o  o t h e r  s o c i a l  and 
economic g o a l s  and f a c t o r s .  On t h e  f i r s t  Level ,  c a u s e  and e f -  
f e c t  r e l a t i o n s h i p s  should be c l e a r  f o r  t h e  i n d i v i d u a l ' s  h e a l t h  
a s  w e l l  a s  f o r  o t h e r  i n f l u e n c i n g  subsystems.  The c o o r d i n a t o r  
o r  t h e  a d m i n i s t r a t o r  a t  t h e  second l e v e l  should be supp l i ed  
w i t h  h e a l t h  o b j e c t i v e s  o r  g o a l s  i n  o r d e r  t o  op t imize  t h e  h e a l t h  
promotion a s p e c t s  of  t h e  system through t h e  proper  manipula t ion  
of  feedback in fo rma t ion  from t h e  d i f f e r e n t  s e c t o r s  involved .  

SOME THRESHOLD MODELS FOR DISEASE CONTROL--THE HUMAN SUBSYSTEM [ 2 ]  

A s  a  f i r s t  a p p l i c a t i o n  of t h e  p rev ious  concep t s ,  we may 
c o n s i d e r  F igu re  7,  i n  which t h e  i s s u e  o f  concern is  t o  d e s c r i b e  
and t o  c o n t r o l  t h e  spread  of  an i n f e c t i o n  w i t h i n  a  popu la t i on .  
For  example, one t h i n k s  of  a  smal l  g roup of  i n d i v i d u a l s  who 
have a  communicable d i s e a s e  be ing  i n s e r t e d  i n t o  a  l a r g e  popula- 
t i o n  of  i n d i v i d u a l s  capab le  of  "ca tch ing"  t h e  d i s e a s e .  Then, 
i n  a n  a t t e m p t  t o  fo rmula t e  t h e  n a t u r e  of t h e  spread  of  t h e  i n -  
f e c t i o n  w i t h i n  t h e  l a r g e r  popu la t i on  group ( i n  t h e  c o n t e x t  of  
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Figure 7 .  A multilevel approach for the health system. 

F i g u r e  7), t h e  i n d i v i d u a l  human subsystem i s  i s o l a t e d  a s  shown 
i n  F igu re  8. I n  t h i s  f i g u r e ,  a  s t a t e - space  model d e s c r i p t i o n  
i s  u t i l i z e d  i n  which t h r e e  s t a t e  spaces ,  namely, t h e  h e a l t h  

s t a t e  g, t h e  socioeconomic parameter  space  3 and t h e  c o n t r o l  
-b 

space  u a r e  cons idered .  The h e a l t h  s t a t e  6 r e p r e s e n t s  t h e  
d i s c r e t e  c l a s s e s  of  i n d i v i d u a l s  a f f e c t e d  by t h e  s p e c i f i c  i n f e c -  
t i o n  under cons ide ra t ion .  I n  i t s  s i m p l e s t  form, t h i s  i s  t aken  

-f 
t o  be a  three-dimensional  space  i n  which t h e  components o f  h 
a r e  : 

- S: The s u s c e p t i b l e  c l a s s - - i . e . ,  t h o s e  i n d i v i d u a l s  who 
a r e  no t  i n f e c t i v e  bu t  who a r e  capab le  of  c o n t r a c t i n g  
t h e  d i s e a s e  and becoming i n f e c t i v e .  

- I: The i n f e c t i v e  c l a s s - - i . e . ,  t h o s e  i n d i v i d u a l s  who a r e  
capab le  o f  t r a n s m i t t i n g  t h e  d i s e a s e  t o  o t h e r s .  

- R: The removed c l a s s - - i . e . ,  ( 1 )  t h o s e  i n d i v i d u a l s  who 
c o n t r a c t e d  t h e  d i s e a s e  and d i e d ,  ( 2 )  t h o s e  i n d i v i d -  
u a l s  who c o n t r a c t e d  t h e  d i s e a s e ,  recovered and ga in-  
ed immunity, and ( 3 )  t h o s e  i n d i v i d u a l s  who a r e  cu r -  
r e n t l y  i n  i s o l a t i o n  and a c q u i r e  immunity. 



Figure 8. The human subsystem with the effect of other socio- 
economic subsystems as exogenous parameters. 

The spread  of  i n f e c t i o n  i s  presumed t o  be i n f luenced  by t h e  

"I 

socioeconomic parameter  space  6 which r e f l e c t s  t h e  e f f e c t  of  
t h e  h e a l t h  system exogenous t o  t h e  human subsystem. The dimen- 
s i o n s  of  t h i s  space  depend on t h e  r e l e v a n t  socioeconomic param- 
e t e r s  which t h e  p l anne r  has  t o  i n v e s t i g a t e .  Some of  t h e s e  
parameters  a r e :  

U 3  U 2  

- 6: b i r t h  r a t e ;  

I 
I 
I 
I  
I 
I 

SOC 1 0 -  6 b 
ECONOMIC M b 

FACTORS d b 
R L  - ---- 

P ---- + 

- m: immigrat ion r a t e ;  

- d:  d e a t h  r a t e ;  

I N D I V I D U A L  
HUMAN SUBSYSTEM 

- f :  h o s t  f a c t o r ;  

---- 

- r: deg ree  o f  exposure;  

I n  o r d e r  t o  c o n t r o l  t h e  spread  of  i n f e c t i o n ,  i . e . ,  t o  shape  t h e  
t r a j e c t o r y  of  t h e  h e a l t h  s t a t e  i n  t h e  s t a t e  space ,  t h e  c o n t r o l  

v e c t o r  2 i s  in t roduced  and i s  cons ide red  exogenous t o  t h e  system. 
T h i s  r e p r e s e n t s  p o s s i b l e  c o u r s e s  of  a c t i o n  t o  be implemented by 
t h e  p l anne r  on t h e  b a s i s  of  op t ima l  c o n t r o l  t e chn iques .  The 
d i f f e r e n t  c o u r s e s  of  a c t i o n  a r e  r ep re sen ted  by t h e  components 

+ 
of  u ,  namely: 

- u,:  immunization of chemoprophylaxis; 

- u2: i s o l a t i o n ;  



The t e c h n i c a l  d e s c r i p t i o n  of t h e  human h e a l t h  system depends on 
t h e  t ype  of i n f e c t i o n  cons ide red ,  which g i v e s  r i s e  t o  d i f f e r e n t  
mathematical  r e l a t i o n s  i n  d i f f e r e n t  c a s e s .  I n  g e n e r a l  te rms ,  
we w i l l  be f aced  w i t h  a v e c t o r  d i f f e r e n t i a l  equa t ion  such a s  

-+ 
i n  which 3 and & ( o )  a r e  g iven  and u  remains t o  be s e l e c t e d .  
The components of  t h e  equa t ion  a r e  a  s e t  of f i r s t - o r d e r  d i f f e r -  

-+ 
e n t i a l  equa t ions  depending on t h e  components of h, namely, 

d I / d t  = f 2  (S, I ,  R,  . . . , m ,  B,d, f ,  . . . , u l  , u 2 , .  . . ) ; (3)  

where f l , f 2 , f 3 ,  ..., a r e  t h e  t e c h n i c a l  f u n c t i o n s  o r  d e s c r i p t i o n s  

d e f i n e d  by t h e  c h a r a c t e r i s t i c s  of t h e  s p e c i f i e d  d i s e a s e  i n  ques- 
t i o n .  The t r a n s i t i o n  o f  i n d i v i d u a l s  from one c l a s s  of t h e  pop- 
u l a t i o n  t o  ano the r  c l a s s  depends on t h e  c u r r e n t  s t a t e  of  t h e  
a r t .  T h i s  i s  shown d i a g r a m a t i c a l l y  i n  t h e  h o r i z o n t a l  breakdown 
of  t h e  human subsystem i n  F igu re  9 .  The e f f o r t  expended i n  con- 

t r o l l i n g  an i n f e c t i o n  i s  r e p r e s e n t e d  by t h e  program :. For 
example, ach i ev ing  a  h ighe r  v a c c i n a t i o n  r a t e  means t h a t  more 
equipment, pe r sonne l ,  s u p p l i e s ,  e t c .  , a r e  needed. 

Le t  such  expend i tu re s  be d e s c r i b e d  by a  ( n o n l i n e a r )  c o s t  

f u n c t i o n  c(;). Usual ly  t h e  program G ( t )  w i l l  be r e s t r i c t e d  t o  

a d i s c r e t e  f u n c t i o n .  For  example, G ( t )  c an  be  thought  of  a s  
be ing  c o n s t a n t  f o r  one u n i t  of t ime  ( a  day o r  a  work s h i f t ) .  
I f  t h e  i n f e c t i o n  causes  s e r i o u s  harm t o  t h e  i n d i v i d u a l ,  it is  
d e s i r a b l e  t o  reduce  t h e  t o t a l  number i n f e c t e d  t o  an  "accep tab l e"  
f i g u r e .  On t h e  o t h e r  hand, it may be  d e s i r a b l e  t o  l i m i t  t h e  
number o f  i n d i v i d u a l s  i n f e c t e d  s imul taneous ly  i n  a  g iven  pe r iod  
o f  t ime ( 0 , T ) .  I n  more c o n c r e t e  te rms  t h i s  means t h a t ,  g iven  
t h e  dynamic equa t ion  r e p r e s e n t i n g  t h e  spread  of i n f e c t i o n  

w i t h i n  a  popu la t i on ,  one has t o  choose t h e  program t o  minimize 

t h e  c o s t  c(;) wh i l e  keeping t h e  spread  o f  i n f e c t i o n  w i t h i n  accept -  
a b l e  l i m i t s .  T h i s  is  an op t ima l  c o n t r o l  problem, and t h e  sophis -  
t i c a t e d  t o o l s  o f  t h e  c o n t r o l  t heo ry  would a l l ow bo th  g e n e r a l  and 
s p e c i f i c  problems t o  be t r e a t e d .  



Figure 9. Horizontal breakdown of the human subsystem. 
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Review of  t h e  Papers  P re sen ted  on t h e  

Dynamic Modeling o f  Heal th  Care Systems 

A.G. McDonald 

A t  t h e  p r e s e n t  s t a g e  i n  t h e  development of n a t i o n a l  h e a l t h  
c a r e  systems an  i n t e n s i f i c a t i o n  of  management and p l ann ing  meth- 
odology i s  r e q u i r e d  i n  o r d e r  t o :  improve t r e a t m e n t  and diagnos-  
t i c  t e c h n o l o g i e s ;  i n c r e a s e  s c i e n t i f i c  i n v e s t i g a t i o n  o f  medica l ,  
b i o l o g i c a l  and s o c i a l  problems; ex tend  t h e  medical  e s t a b l i s h -  
men t ' s  h e a l t h  c a r e  networks; and ach ieve  s p e c i a l i z a t i o n  o f  medi- 
c a l  s e r v i c e s .  

A major c o n t r i b u t i o n  t o  promoting t h e  r e q u i r e d  advances 
cou ld  be made by a p p r o p r i a t e  h e a l t h  s e r v i c e  modeling, w i t h  t h e  
o b j e c t i v e  o f  improving h e a l t h  s e r v i c e  management and p lanning  
on t h e  b a s i s  of  a n  op t ima l  d i s t r i b u t i o n  of  m a t e r i a l ,  t e c h n i c a l  
and manpower r e s o u r c e s .  Even tua l ly ,  t h i s  could  l e a d  t o  a n  ad- 
vancement i n  h e a l t h  s e r v i c e  q u a l i t y .  

There was a  v e r y  l a r g e  measure o f  agreement  about  t h e  need 
f o r  dynamic macro-models f o r  t h e  e f f i c i e n t  p l ann ing  o f  Heal th  
Care Systems. There were d i f f e r e n c e s  o f  approach and emphasis 
between d e l e g a t e s ,  b u t  f o u r  main groups  cou ld  be i d e n t i f i e d .  

One s e t  o f  papers  d e s c r i b e d  mathemat ica l ly  compat ib le  models 
which d e a l t  w i th  t h e  ba l ance  of  r e s o u r c e s  and how t o  p l a n  them. 
Some models took  account  o f  many exogenous f a c t o r s .  Another 
model d e a l t  w i t h  t h e  p lanning  and d e l i v e r y  system a t  s e v e r a l  
l e v e l s .  Also  d e s c r i b e d  was a  h i e r a r c h i c a l  c o n t r o l  system a t  
s e v e r a l  l e v e l s  l i n k e d  t o  p lanning  t a r g e t s  where t h e  c o n t r o l  sys-  
tem had f u n c t i o n a l  subsystems go ing  r i g h t  down t o  sma l l  popula- 
t i o n  groups .  Yet ano the r  model r e p o r t e d  was more da ta-based .  
Some o t h e r  models p re sen ted  were c l o s e r  t o  t h e  t r a d i t i o n a l  eco-  
nomic models. These hold promise o f  c o n t r i b u t i n g  t o  t h e  s o l u t i o n  
o f  some h e a l t h  c a r e  problems. 

A second s e t  of pape r s  d e s c r i b e d  t h e  h e a l t h  c a r e  system per-  
t a i n i n g  t o  d i f f e r e n t  c o u n t r i e s  o r  r eg ions .  These gave i n s i g h t  
t o  t h e  v a r i e t y  of problems which have t o  be f aced .  

A t h i r d  s e t  o f  pape r s  was concerned wi th  q u e s t i o n i n g  t h e  
b a s i c  concep t s  of  h e a l t h  c a r e .  Examples i n  t h i s  a r e a  sugges ted  
a  b a s i c  s h i f t  i n  t h e  spectrum o f  c a r e .  Another c o n t r i b u t i o n  
examined t h e  concep t  of  b a s i c  h e a l t h .  Both c a l l e d  f o r  g r e a t e r  
a t t e n t i o n  t o  t h e  c o n d i t i o n s  which were most conducive t o  mental  
and p h y s i c a l  wel l -be ing .  A f u r t h e r  c o n t r i b u t i o n  gave a  d e t a i l e d  
d e s c r i p t i o n  o f  t h e  a n a l y s i s  of  a  p a r t i c u l a r  d i s e a s e .  



The f o u r t h  s e t  of papers  was concerned wi th  t h e  problem of 
how and where h e a l t h  c a r e  models should  f i t  i n t o  l a r g e r  s o c i a l  
sys tems,  and some warnings were g iven  about  t h e  adequacy o r  
other 'wise of  p r e s e n t  methodology. Disease  o r  h e a l t h  i n d i c e s  
were mentioned e x p l i c i t l y  and i m p l i c i t l y ,  and t h e r e  seems t o  be  
room h e r e  f o r  i n t e r n a t i o n a l  agreement and i n t e r n a t i o n a l  e f f o r t .  

The f i r s t  group d e s c r i b e d  models a t  p r e s e n t  used i n  t h e  sys-  
tem and based on c u r r e n t  methodology. The second and t h i r d  
groups were working towards a more advanced s e t  o f  c r i t e r i a  t o  
be  used a t  some f u t u r e  p o i n t .  The f o u r t h  s e t  was on y e t  a l onge r  
t i m e  s c a l e .  But ,  above a l l ,  it was appa ren t  t h a t  t h e  approaches  
d e s c r i b e d ,  t aken  a s  a whole, c o n s t i t u t e d  t h e  most promising and 
perhaps  t h e  o n l y  way t o  t a c k l e  a v e r y  compl ica ted  s o c i a l  system, 
and one which had good development p o t e n t i a l .  

I t  may be  concluded t h a t  it i s  e s s e n t i a l  t h a t  t h r e e  t h i n g s  
should  happen a t  t h e  i n t e r n a t i o n a l  l e v e l :  

- Reported models t h a t  can  and a r e  be ing  used a t  p r e s e n t  
i n  d i f f e r e n t  c o u n t r i e s  should  be coo rd ina t ed .  Each h a s  
i t s  own c a p a b i l i t y .  But t h e  p o t e n t i a l  o f  a compat ib le  
combinat ion o f  t h e s e  fo rmula t ions  would i n c r e a s e  t h e  
power of each t o  an immeasurable deg ree .  I n  many c a s e s  
t h e s e  models t a k e  account  of some of  t h e  exogenous 
v a r i a b l e s  (e .g .  demographic and economic f a c t o r s ) .  I t  
i s  now f e a s i b l e  t o  s e e  t h e  p o s s i b i l i t y  o f  a d e c e n t r a l -  
i z e d  j o i n t .  approach by a sma l l  g roup of  modelers  a c t i v e -  
l y  involved  wi th  d e c i s i o n  makers i n  n a t i o n a l  s e t t i n g s  
under  t h e  a u s p i c e s  of bo th  IIASA and WHO. 

- There is  a need f o r  f u r t h e r  r e s e a r c h  a t  t h e  i n t e r n a -  
t i o n a l  l e v e l  t o  e s t a b l i s h  t h e  most u s e f u l  and v a l i d  
i n d i c e s  o f  h e a l t h  and d i s e a s e .  This  work, a l r e a d y  in-  
vo lv ing  WHO, i nvo lves  a l onge r  t ime hor izon .  

- I n  o r d e r  t o  l i n k  t h e  h e a l t h  c a r e  system t o  t h e  s o c i a l  
system a s  a whole a g r e a t e r  deg ree  of  unde r s t and ing  o f  
t h e i r  i n t e r r e l a t i o n s h i p  is  r e q u i r e d .  T h i s  a l s o  r e q u i r e s  
a l onge r  t i m e  ho r i zon .  

A more e x t e n s i v e  exchange between l e a d i n g  s p e c i a l i s t s  i n  
many c o u n t r i e s  i s  a l s o  of g r e a t  importance h e r e  and should i n -  
c l u d e  IIASA, WHO and a p p r o p r i a t e  n a t i o n a l  groups.  

F i n a l l y ,  we must n o t  behave l i k e  t h a t  Duke o f  Brunswick 
who was desc r ibed  a s  a l e a r n e d ,  h i g h l y  c u l t i v a t e d  pedant ,  cau- 
t i o u s ,  p a i n s t a k i n g  and a p t  t o  examine every  problem i n  such 
minute d e t a i l  t h a t  t h e  problem i t s e l f  vanished  from s i g h t .  
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A.A. Klimenkov 

Of r e c e n t  y e a r s ,  t h e  problem of  ma l ignan t  tumors has  been 
t h e  focus  of  a t t e n t i o n  of  s c i e n t i s t s ,  p h y s i c i a n s ,  h e a l t h  au thor-  
i t i e s  and governments i n  many c o u n t r i e s  of  t h e  world.  

Na t iona l  programs of  tumor s t u d i e s  have been s i g n i f i c a n t l y  
extended and i n t e n s i f i e d  and a new impetus g iven  t o  i n t e r n a t i o n -  
a l  coope ra t ion  i n  t h e  f i e l d  o f  cance r  r e s e a r c h .  

T h i s  coope ra t ion  a t  p r e s e n t  e i t h e r  t a k e s  t h e  form of  b i -  
l a t e r a l  i n t e rgove rnmen ta l  agreements  ( t h e  USSR-France agreement ,  
t h e  USSR-USA agreement and s o  on)  o r  i s  conducted on t h e  b a s i s  
of  d i r e c t  c o n t a c t s  between m i n i s t r i e s  o f  h e a l t h ,  academies of 
s c i e n c e s  and l a r g e  cance r  r e s e a r c h  c e n t e r s .  

Examples of m u l t i l a t e r a l  coope ra t ion  among some European 
c o u n t r i e s  t o  s tudy  ontological problems a r e  t h e  Scandinavian  
Cancer Union and t h e  coope ra t ion  of  t h e  CMEA member c o u n t r i e s  
i n  t h i s  a r e a  s i n c e  December 1973. 

A t  t h e  same t ime ,  t h e  scope  and urgency of  t h e  problem de-  
mands f u r t h e r  e x t e n s i o n  of complex s c i e n t i f i c  s t u d i e s  on a world- 
wide b a s i s  under t h e  a u s p i c e s  of  t h e  World Heal th  Organ iza t ion  
(WHO) ,  I n t e r n a t i o n a l  Agency f o r  Research on Cancer ( I A R C )  and 
I n t e r n a t i o n a l  Union Agains t  Cancer ,  through t h e  e s t ab l i shmen t  
and implementat ion o f  t h e  long-term program of i n t e r n a t i o n a l  
c o o p e r a t i o n  i n  t h e  f i e l d  of  cance r  research- -a  program wi th  a 
s h o r t  b u t  s i g n i f i c a n t  h i s t o r y .  

A s  f a r  back a s  1959, t h e  Genera l  Assembly of  t h e  United 
Nat ions  adopted r e s o l u t i o n  1398 ( X I V )  encouraging i n t e r n a t i o n a l  
s u p p o r t  o f  cancer  r e s e a r c h ;  subsequen t ly ,  WHO, I A R C ,  I n t e r n a -  
t i o n a l  Union Agains t  Cancer and o t h e r  i n t e r n a t i o n a l  and n a t i o n a l  
o r g a n i z a t i o n s  through t h e  work o f  e x p e r t s  from many c o u n t r i e s  
have made s i g n i f i c a n t  c o n t r i b u t i o n s  t o  de t e rmin ing  t h e  most prom- 
i s i n g  l i n e s  o f  cance r  r e s e a r c h ,  t o  e s t a b l i s h i n g  a more p r e c i s e  
h i s t o l o g i c a l  c l a s s i f i c a t i o n  and tumor nomenclature and t o  devel -  
op ing  a network of  i n t e r n a t i o n a l  and r e g i o n a l  r e f e r e n c e  l abo ra -  
t o r i e s  and in fo rma t ion  c e n t e r s .  

These a c t i v i t i e s  enabled t h e  WHO Executive Board, a t  i t s  
f i f t y - f i r s t  s e s s i o n  i n  January ,  1973, t o  p u t  on t h e  agenda of 
t h e  forthcoming Twenty-sixth World Heal th  Assembly an i t em on 



a long-term program of  cance r  r e s e a r c h  wi th  a  r e q u e s t  t o  t h e  
WHO D i r e c t o r  Genera l  t o  submit  a  r e p o r t  on WHO a c t i v i t i e s  i n  
cance r  r e s e a r c h  t o g e t h e r  w i th  p roposa l s  f o r  f u t u r e  development 
of  i n t e r n a t i o n a l  coope ra t ion  i n  t h i s  f i e l d .  I n  t h e  c o u r s e  of 
t h e  Assembly's d i s c u s s i o n  on t h i s  r e p o r t ,  t h e  d e l e g a t i o n s  of 
1 0  count r ies - -Bulgar ia ,  Czechoslovakia,  France ,  Hungary, German 
Democratic Republic ,  Poland, Rumania, t h e  U K ,  t h e  USA and t h e  
USSR--proposed a d r a f t  r e s o l u t i o n  on t h e  e l a b o r a t i o n  of a  long- 
term program of  i n t e r n a t i o n a l  coope ra t ion  i n  t h e  f i e l d  of  can- 
c e r  r e s e a r c h ,  which was suppor ted  by d e l e g a t e s  from many coun- 
t r i e s  and accepted  by t h e  World Heal th  Assembly. 

A t  t h e  same t ime,  t h e  sponsors  of  t h e  r e s o l u t i o n ,  r e a l i z i n g  
a l l  t h e  d i f f i c u l t i e s  of  working o u t  a  b a s i c a l l y  new coord ina t ed  
methodology o f  cance r  r e s e a r c h ,  c a l l e d  f o r  coo rd ina t ed  e f f o r t s  
i n  t h e  f i e l d  of  cancer  r e s e a r c h  by n a t i o n a l  i n s t i t u t i o n s  of  
member s t a t e s ;  a  comprehensive program should be s e t  up t o  t h e  
e x t e n t  f e a s i b l e .  The Assembly made WHO, IARC and t h e  I n t e r n a -  
t i o n a l  Union Agains t  Cancer r e s p o n s i b l e  f o r  t h e  e l a b o r a t i o n  of 
such an  i n t e r n a t i o n a l  program; it a l s o  proposed t h e  compulsory 
i n c l u s i o n  of  q u e s t i o n s  such a s  methodology, s t a n d a r d i z a t i o n  of 
te rminology,  ep idemiologica l  r e s e a r c h ,  e a r l y  d i a g n o s i s  methods, 
t r e a t m e n t  and p reven t ion  of cance r ,  drawing up of a  l i s t  of t h e  
most promising l i n e s  of  cance r  r e s e a r c h ,  l i s ts  of c e n t e r s  and 
coope ra t ing  i n s t i t u t i o n s ,  and,  f i n a l l y ,  p r o v i s i o n  of a  computer- 
based cancer  r e s e a r c h  in fo rma t ion  s e r v i c e .  

A t  i t s  twenty-seventh s e s s i o n ,  t h e  World Hea l th  Assembly 
cons ide red  t h e  r e p o r t  submi t ted  by t h e  Direc tor -Genera l  on long- 
term p lanning  of i n t e r n a t i o n a l  coope ra t ion  i n  t h e  f i e l d  of oncol -  
ogy. A t  t h e  same s e s s i o n ,  a  memorandum by t h e  USSR d e l e g a t i o n ,  
based on a  l e t t e r  from t h e  USSR M i n i s t e r  of Heal th ,  Academician 
B.V. Pe t rovsky ,  t o  D r .  Mahler, t h e  WHO Direc tor -Genera l ,  was 
o f f i c i a l l y  c i r c u l a t e d .  The Memorandum reviewed p o s s i b l e  ways 
o f  implementing t h e  World Heal th  Assembly's r e s o l u t i o n  on t h e  
e l a b o r a t i o n  of t h e  long-term oncology program and sugges ted  an  
o r g a n i z a t i o n a l  and methodologica l  p l an  f o r  t h i s  purpose.  

I n  t h e  op in ion  o f  t h e  Sov ie t  s p e c i a l i s t s ,  t h e  f i r s t  and 
most impor tan t  c o n d i t i o n  f o r  t h e  s u c c e s s f u l  implementat ion of 
t h e  i n t e r n a t i o n a l  ontological program was t o  e s t a b l i s h  c o r r e c t l y  
i t s  o b j e c t i v e s  and scope  wi th  a t t e n t i o n  concen t r a t ed  on t h e  s c i -  
e n t i f i c  r e s e a r c h  a s p e c t s  of t h e  cance r  problem. The program 
should  be d i r e c t e d  p r i m a r i l y  towards a c q u i r i n g  new knowledge 
and d i s c o v e r i n g  t h e  mechanisms and causes  of t h e  i nc idence  and 
spread  of  mal ignant  tumors,  w i th  due r ega rd  t o  t h e  f a c t  t h a t  
t h e  implementat ion of p r a c t i c a l  measures of  cance r  c o n t r o l  i n  
te rms  of t r e a t m e n t  and p reven t ion  shou.ld, a s  h i t h e r t o ,  be among 
t h e  p r i o r i t i e s  of t h e  n a t i o n a l  h e a l t h  c a r e  bod ie s  i n  eve ry  coun- 
t r y .  



They t h o u g h t  it a d v i s a b l e  t o  b r e a k  down t h e  program i t s e l f  
i n t o  t h e  f o l l o w i n g  f o u r  o r g a n i z a t i o n a l  and m e t h o d o l o g i c a l  s t a g e s .  

The f i r s t  s t a g e  s h o u l d  be t o  compi le  a  l i s t  o f  t h e  most prom- 
i s i n g  r e s e a r c h  l i n e s  and s p e c i f i c  r e s e a r c h  prob lems ,  a s  l a i d  down 
i n  o p e r a t i v e  p a r a g r a p h  3.1 o f  WHA r e s o l u t i o n  26.61. 

The second s t a g e  o f  deve lopment  s h o u l d  c o n c e n t r a t e  o n  ex- 
p e r t  e v a l u a t i o n  o f  each  o f  t h e  r e s e a r c h  l i n e s  on  t h e  i n t e r n a t i o n -  
a l  l i s t ,  d u e  r e g a r d  b e i n g  p a i d  t o  t h e  p roposed  methods o f  t h e  
a p p r o x i m a t e  t i m e  r e q u i r e d  and t h e  number o f  c o u n t r i e s  and s c i -  
e n t i f i c  i n s t i t u t i o n s  which migh t  p a r t i c i p a t e .  

The n e x t  s t a g e  migh t  c o n s i s t  i n  working o u t  a  l o g i c a l  sched-  
u l e  o f  p r i o r i t i e s  i n  t h e  i m p l e m e n t a t i o n  o f  t h e  program, based  
o n  t h e  e x p e r t  e v a l u a t i o n  ment ioned above ,  which would combine 
i n d i v i d u a l  c a n c e r  programs i n  t h e  l i g h t  o f  t h e i r  d u r a t i o n  and 
impor tance .  T h i s  s c h e d u l e  s h o u l d  be worked o u t  by t h e  s p e c i a l -  
ists i n  fo rward  p l a n n i n g  and programming working i n  WHO o r  o t h e r  
i n t e r n a t i o n a l  and n a t i o n a l  o r g a n i z a t i o n s ,  i n c l u d i n g  IIASA. 

With r e g a r d  t o  t h e  p e r i o d  a l l o c a t e d  f o r  t h e  implementa t ion  
o f  t h i s  s c h e d u l e ,  10 y e a r s  would seem t o  be t h e  b e s t ,  s i n c e  5  
t o  10 y e a r s  would be t o o  s h o r t  i n  view o f  t h e  p r o g r a m ' s  s c o p e ,  
w h i l e  1 5  t o  25  y e a r s  would be t o o  l o n g  and t h e  program m i g h t  no 
l o n g e r  have r e l e v a n c e .  

The f o u r t h  and f i n a l  s t a g e  o f  working o u t  t h e  i n t e r n a t i o n a l  
program m i g h t  i n c l u d e  t h e  o r g a n i z a t i o n  o f  a n  i n t e r n a t i o n a l  i n f o r -  
m a t i o n  c e n t e r  based  on t h e  WHO compute r ,  a s  l a i d  down i n  sub-  
s e c t i o n s  2  and 3  o f  o p e r a t i v e  p a r a g r a p h  3  o f  WHA r e s o l u t i o n  26.61. 
To t h i s  end ,  t h e  USSR e x p e r t s  recommended making a  s t a r t  on  
e l a b o r a t i n g  t h e  machine l a n g u a g e ,  s t a n d a r d i z e d  c o d i n g  of  programs,  
r e s e a r c h  c e n t e r s ,  methods,  e t c . ,  t o  e n a b l e  a l l  n a t i o n a l  c e n t e r s  
t o  u s e  t h e s e  i n t e r n a t i o n a l  programs on  a  l a r g e  s c a l e .  With t h i s  
a im i n  view,  it would b e  n e c e s s a r y  t o  e n l i s t  t h e  s u p p o r t  o f  spe-  
c i a l i s t s  working i n  WHO, IIASA, IARC, and n a t i o n a l  o r g a n i z a t i o n s  
o f  t h e  l e a d i n g  s t a t e s .  The USSR e x p e r t s  e x p r e s s e d  t h e i r  w i l l i n g -  
n e s s  t o  t a k e  a n  a c t i v e  p a r t  i n  b u i l d i n g  t h e  s o f t w a r e  f o r  t h e  
i n t e r n a t i o n a l  program. 

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

I t  i s  w e l l  known t h a t  d e t a i l e d  d i s c u s s i o n s  a t  t h e  twenty-  
s e v e n t h  and t h e  t w e n t y - e i g h t h  s e s s i o n s  o f  t h e  World H e a l t h  
Assembly r e s u l t e d  i n  t h e  a d o p t i o n  o f  WHA r e s o l u t i o n s  27.63 and 
2 8 . 8 5  which conf i rmed  t h e  u s e f u l n e s s  o f  t h e  comprehens ive  i n t e r -  
n a t i o n a l  program o f  c a n c e r  r e s e a r c h  and emphasized t h e  i m p o r t a n c e  
of  e l a b o r a t i n g  a n  e f f e c t i v e  m e t h o d o l o g i c a l  b a s i s  f o r  t h e  s u c c e s s  
o f  t h e  program. 

The WHO D i r e c t o r - G e n e r a l  h a s  been r e q u e s t e d  t o  c o n t i n u e  t h e  
e f f o r t s  h e  i n i t i a t e d  i n  p u r s u a n c e  o f  t h e  program o f  i n t e r n a t i o n a l  



c o o p e r a t i o n  and t o  c o n s i d e r  t h e  q u e s t i o n  of  t h e  i n f o r m a t i o n  sy s -  
t e m  f o r  t h e  comprehensive c a n c e r  r e s e a r c h  program. 

It i s  hoped t h a t  t h e  work c u r r e n t l y  be ing  c a r r i e d  o u t  i n  
t h e  USSR i n  c o n n e c t i o n  w i t h  t h e  development  o f  approaches  t o  
t h e  i n t e r n a t i o n a l  program and t o  i t s  i n f o r m a t i o n a l  b a s i s  w i l l  
b e  o f  g e n e r a l  i n t e r e s t .  



Towards the Development of a Coordinated International 
Research Program Based on Systems Analysis 

Of Subject Interrelationships 

W.K. Olshansky 

The progress of science mainly depends on the correct use 
of information, the organization of various types of information 
services and the accumulation of large quantities of information. 
But before new information can be processed and interpreted it 
first requires to be subjected to structural analysis based on 
expert evaluation and the use of computers. It is possible to 
apply structural analysis by analyzing the interactions between 
different fields of investigation. This is also related to the 
coordination of efforts in different scientific programs and in 
planning large-scale programs. This approach enables the orga- 
nizer to combine different information paths and creates a favor- 
able climate for constructive scientific competition; it would 
also help to overcome the language barrier between the scientists 
of the Western world and those in the USSR. At the present mo- 
ment, only about ten percent of the results published in Russian 
are incorporated in the information systems of the West, the 
rest being lost to scientists there. 

Implementing this approach to scientific planning and long- 
term programs will first of all require the definition of basic 
fields of research. It is then necessary to compile a list of 
subjects of scientific investigations. This information must 
be processed on a computer in order to select groups of subjects 
which show strong information linkage. New data must be distri- 
buted according to the interrelationships between these groups. 

All sources of information on the subjects currently appear- 
ing on the list will be accessible to all participants. 

The combined Working Group of the Institute of Control Sci- 
ences and the Oncology Research Center worked out such groups 
of subjects,* using the list of 13 areas and 121 subjects on the 
comprehensive problem of malignant tumors compiled by the Sci- 
entific Council for Cancer Research of the Praesidium of the 
USSR Academy of Medical Sciences. 

Initially, each subject is entered in only one group, but 
after optimization, it may be included in any number. The view 
is that a subject appearing in a large number of groups is fun- 
damental to the program. 

*For full details of their work, see the papers by L.I. Borodkin, 
I.B. Muchnik and A.S. Raben and by L.I. Borodkin et al., in this 
volume. 



O r g a n i z e r s  o f  a  long- te rm program must pay s p e c i a l  a t t e n -  
t i o n  t o  r e s e a r c h  a l o n g  fundamenta l  l i n e s ,  s i n c e  t h e  r e s u l t s  s o  
o b t a i n e d  a f f e c t  a  l a r g e  number o f  s u b j e c t s  i n  t h e  l i s t .  

I n  a c c o r d a n c e  w i t h  t h e  b a s i c  a p p r o a c h  t o  s o l v i n g  m u l t i d i -  
m e n s i o n a l  problems,  a  c o m p l i c a t e d  problem must b e  s o l v e d  t h r o u g h  
t h e  s o l u t i o n  of a  l a r g e  number o f  s i m p l e r  o n e s .  

W e  s u g g e s t  t h a t  i n s t e a d  of  d e t e r m i n i n g  t h e  r e s o u r c e  r e q u i r e -  
ments  i n  t i m e ,  money, manpower, e tc . ,  f o r  t h e  program a s  a  whole ,  
r e s o u r c e s  s h o u l d  be a l l o c a t e d  s e p a r a t e l y  f o r  o p t i m a l  g r o u p s  of  
s u b j e c t s .  These  g r o u p s  have  f a i r l y  s i m p l e ' r e l a t i o n s h i p s  among 
t h e m s e l v e s .  

E x p e r t  e s t i m a t e s  of t h e  r e s o u r c e s  r e q u i r e d  w i t h i n  e a c h  g r o u p  
c a n  b e  checked a g a i n s t  t h o s e  f o r  fundamenta l  s u b j e c t s  a p p e a r i n g  
i n  s e v e r a l  g r o u p s .  

I f  t h e  e s t i m a t e s  f o r  fundamenta l  s u b j e c t s  v a r y  g roup  t o  
g r o u p ,  t h i s  n a t u r a l l y  c a s t s  d o u b t  on t h e i r  r e l i a b i l i t y  and t h e y  
s h o u l d  b e  r e c o n s i d e r e d .  M o d i f i c a t i o n  o f  t h e  e s t i m a t e s  f o r  fun-  
d a m e n t a l  s u b j e c t s  w i l l  r e s u l t  i n  a  m o d i f i c a t i o n  o f  t h o s e  f o r  
o t h e r  s u b j e c t s  i n  t h e  g r o u p s  concerned .  

Such r e c o n s i d e r a t i o n  o f  e s t i m a t e s  and c r o s s  c h e c k i n g  of  
d a t a  c a n  be r e p e a t e d  u n t i l  a l l  t h e  d i s c r e p a n c i e s  a r e  e l i m i n a t e d .  

The n e x t  s t e p ,  a f t e r  t h e  q u a n t i t i v e  e s t i m a t e s  f o r  i n d i v i d u a l  
s u b j e c t s  i s  a r r i v e d  a t ,  i s  t h e  c o m p i l a t i o n  of a  l o g i c a l  network 
d i a g r a m  showing t h e  sequence  o f  program implementa t ion .  The 
d i a g r a m  would show t h e  p r o g r e s s  o f  t h e - f i g h t  a g a i n s t  c a n c e r  i n  
t e r m s  o f  d e c r e a s i n g  m o r b i d i t y  and m o r t a l i t y  r a t e s  caused  by can-  
cer. 

Moreover,  it may p r o v e  p o s s i b l e  t o  e v a l u a t e  t h e  c a p a c i t y  of  
i n d i v i d u a l  o r g a n i z a t i o n s  p a r t i c i p a t i n g  i n  t h e  program t o  s o l v e  
t h e  problems under  s t u d y  and t o  d e t e r m i n e  o b j e c t i v e l y  t h e  r e l a -  
t i v e  impor tance  o f  c o n t r i b u t i o n s  made by d i f f e r e n t  o r g a n i z a t i o n s .  

A diagram showing t h e  implementa t ion  of  t h e  proposed pro-  
gram would c o n s i s t  o f  t h r e e  s e c t i o n s :  t h e  midd le  s e c t i o n  r e p r e -  
s e n t i n g  t h e  a c t i o n s  r e q u i r e d  t o  implement t h e  program, t h e  l e f t  
hand s e c t i o n  g i v i n g  t h e  r e s u l t s  of t h e  a c t i o n s  c a r r i e d  o u t  and 
t h e  r i g h t  hand s e c t i o n  showing t h e  f i n a l  p l a n n i n g  a r r a n g e m e n t s ,  
namely t h e  o r g a n i z a t i o n  o f  t h e  sys tem f o r  t h e  s e l e c t i v e  d i s t r i -  
b u t i o n  o f  i n f o r m a t i o n  and c o n s t r u c t i o n  o f  t h e  l o g i c a l  network 
d i a g r a m  of  program i m p l e m e n t a t i o n .  

I n  t h e  same way a s  a l l  i n f o r m a t i o n  e v e n t u a l l y  becomes o u t -  
d a t e d ,  s o  w i l l  t h e  sys tem f o r  t h e  s e l e c t i v e  d i s t r i b u t i o n  of  i n -  
f o r m a t i o n  and t h e  l o g i c a l  network d iagram o f  program implementa- 
t i o n .  New i n f o r m a t i o n  l i n k s  w i l l  b e  r e q u i r e d  w h i l e  t h o s e  a l r e a d y  
i n  t h e  model w i l l  b e  p a r t i a l l y  d i s r u p t e d .  The l i s t  of  s u b j e c t s  
i n  t h e  program a l s o  may change:  some s u b j e c t s  w i l l  l o s e  t h e i r  



importance wh i l e  new ones a r e  i n t roduced .  Breakthroughs w i l l  
be achieved  i n  some d i r e c t i o n s  w h i l e  i n  o t h e r  d i r e c t i o n s  pro-  
g r e s s  may be t empora r i l y  h a l t e d .  

Th i s  w i l l  e n t a i l  modifying t h e  i n i t i a l  d a t a  i n  o rde r  t o  up- 
d a t e  f u t u r e  o p e r a t i o n a l  p l ans .  Such m o d i f i c a t i o n s  must be work- 
ed o u t  by a  C o n s u l t a t i v e  Council  of t h e  I n t e r n a t i o n a l  Ontological 
Program organized  under t h e  a u s p i c e s  of WHO and composed of oncol-  
o g i s t s  and mathematicians r e p r e s e n t i n g  WHO member c o u n t r i e s  and 
c e r t a i n  i n t e r n a t i o n a l  o r g a n i z a t i o n s .  T h i s  Counci l  must f u n c t i o n  
on t h e  b a s i s  of t h e  knformation c e n t e r  organized  by WHO and 
s t r u c t u r e d  i n  accordance wi th  t h e  p r i n c i p l e s  desc r ibed  above. 
Among i t s  f u n c t i o n s  must be  t h e  p r e p a r a t i o n  of r e g u l a r  p rog re s s  
r e p o r t s  on t h e  program, p roposa l s  f o r  program development and 
p r e p a r a t i o n  of  f o r e c a s t s  on t h e  program a s  a  whole and on i t s  
i n d i v i d u a l  s e c t i o n s .  

A c o n s i d e r a b l e  p a r t  of t h e  proposed i n t e r n a t i o n a l  program 
w i l l  be  developed by means of modern computer systems,  and a l l  
t h e  recommendations of computers  w i l l  be ana lyzed  by e x p e r t s ,  
namely s p e c i a l i s t s  i n  oncology and systems a n a l y s i s ,  t o  ensu re  
t h e  s u c c e s s f u l  implementat ion of t h e  program. 

Based a s  it is  on systems a n a l y s i s ,  t h e  proposed method of 
implementing t h e  program w i l l  undoubtedly be conducive t o  t h e  
s u c c e s s f u l  achievement of  i t s  o b j e c t i v e s .  





Development of a  Long-Term Program f o r  

I n t e r n a t i o n a l  Cooperat ion i n  Cancer Research 

D.D.  Venedictov,  e t  a l .  

INTRODUCTION 

I n  r e c e n t  y e a r s  many people  i n  many c o u n t r i e s  have devoted 
much a t t e n t i o n  t o  t h e  problem of cancer .  Nat ional  programs 
s tudy ing  mal ignant  d i s e a s e  have been g r e a t l y  expanded and deep- 
ened,  a s  has  i n t e r n a t i o n a l  coope ra t ion  i n  t h i s  f i e l d .  A t  p res-  
e n t ,  t h i s  i s  by b i l a t e r a l  in tergovernmenta l  agreements  and by 
d i r e c t  c o n t a c t s  between t h e  h e a l t h  m i n i s t r i e s ,  academies of s c i -  
ence and b i g  cancer  r e s e a r c h  c e n t e r s  of v a r i o u s  c o u n t r i e s .  Ex- 
amples o f  m u l t i l a t e r a l  coope ra t ion  a r e  t h e  union of  s c i e n t i s t s  
of  some c o u n t r i e s  o f  Europe i n  t h e  European Organiza t ion  on t h e  
Study o f  Cancer Treatment ,  t h e  Scandinavian Cancer Union, and 
t h e  Cooperat ion of  S c i e n t i s t s  from c o u n t r i e s  of t h e  Council of  
Mutual Economic Ass i s t ance .  

A t t ack  on t h e  problem of mal ignant  tumors needs t o  be i n -  
t e n s i f i e d  by a comprehensive s c i e n t i f i c  approach on a world 
s c a l e  under t h e  a e g i s  of  t h e  World Heal th  Organiza t ion  (WHO) ,  
t h e  I n t e r n a t i o n a l  Agency f o r  Research on Cancer ( I A R C )  , and t h e  
I n t e r n a t i o n a l  Union Agains t  Cancer (UICC) . 

HISTORICAL BACKGROUND 

I n  1959 t h e  United Nations General Assembly adopted r e so -  
l u t i o n  No. 1398 ( X I V )  on i n t e r n a t i o n a l  suppor t  f o r  cance r  r e -  
s e a r c h  [ I ]  and i n  subsequent  y e a r s  WHO, IARC,  UICC and o t h e r  
i n t e r n a t i o n a l  and n a t i o n a l  o r g a n i z a t i o n s  d i d  much work f i n d i n g  
o u t  t r e n d s  i n  cance r  r e s e a r c h ,  c l a r i f y i n g  t h e  h i s t o l o g i c a l  c l a s -  
s i f i c a t i o n  and nomenclature of tumors, and c r e a t i n g  a network of  
i n t e r n a t i o n a l  and r e g i o n a l  r e f e r e n c e  l a b o r a t o r i e s  and c e n t e r s  
on oncology, e t c .  

Th i s  l e d  t o  t h e  WHO Executive Board i n  January  1973 inc lud-  
i ng  i n  t h e  agenda of t h e  26th s e s s i o n  of  WHA t h e  s p e c i a l  ques- 
t i o n  o f  a  Long-Term Cancer Research Program and e n t r u s t i n g  t h e  
D i r e c t o r  General  o f  WHO t o  r e p o r t  on WHO a c t i v i t i e s  on cance r  
problems and t o  propose f u r t h e r  i n t e r n a t i o n a l  coope ra t ion  i n  
t h i s  f i e l d .  Bu lga r i a ,  Hungary, B r i t a i n ,  GDR, Poland, Rumania, 
USSR, USA; Czechoslovakia and France  d r a f t e d  a r e s o l u t i o n  on a 
Long-Term Program of I n t e r n a t i o n a l  Cooperat'ion i n  Cancer Research 
which r ece ived  wide i n t e r n a t i o n a l  suppor t  and was adopted by t h e  
WHA. 



T h i s  r e s o l u t i o n  [ 2 ] ,  WHA 26.61 of May 23, 1973 n o t e s  " t h e  
extreme d i f f i c u l t y  of  t h e  cance r  problem and t h e  very  sma l l  prob- 
a b i l i t y  t h a t  it may be  r e s o l v e d  by a  s i n g l e  coun t ry  o r  by t h e  
uncoordina ted  e f f o r t s  of many coun t r i e s . . . conco rded  a c t i o n s  on 
an  i n t e r n a t i o n a l  s c a l e  can  become an  impor tan t  f a c t o r ,  b r i n g i n g  
c l o s e r  t h e  f i n a l  s o l u t i o n  of t h e  cance r  problem". 

The i n i t i a t o r s  of  t h e  r e s o l u t i o n  obvious ly  saw t h e  d i f f i -  
c u l t y  of  e l a b o r a t i n g  a  new methodology f o r  c o o r d i n a t i n g  cance r  
r e s e a r c h  and s a i d  t h a t - - " t h e  main e f f o r t s  i n  t h e  f i e l d  o f  onco- 
l o g i c a l  i n v e s t i g a t i o n s  must be under taken  by n a t i o n a l  e s t a b l i s h -  
ments of  member s t a t e s ,  b u t  on c o n d i t i o n  t h a t  t h e i r  a c t i v i t y  i s  
coo rd ina t ed . . .w i th in  t h e  framework of  a  s i n g l e  comprehensive 
program which they  can  j o i n  t o  t h e  deg ree  t h a t  t hey  wish".  The 
Assembly e n t r u s t e d  t h e  e l a b o r a t i o n  of  such  an i n t e r n a t i o n a l  pro-  
gram t o  WHO, IARC, and U I C C .  The program should  have p r o v i s i o n  
f o r  u n i f i c a t i o n  o f  methodology and te rminology,  ep idemio log ica l  
i n v e s t i g a t i o n s ,  methods of  e a r l y  c a s e  f i n d i n g ,  t r e a t m e n t  and pre-  
v e n t i o n  of  cance r ,  and f o r  de t e rmin ing  t h e  b e s t  d i r e c t i o n s  f o r  
o n c o l o g i c a l  s t u d i e s .  I t  should  l i s t  r e f e r e n c e  c e n t e r s  and coop- 
e r a t i n g  e s t a b l i s h m e n t s  and s e t  up a  computerized in fo rma t ion  
s e r v i c e  f o r  cance r  r e s e a r c h .  

Such an  i n t e r n a t i o n a l  u n i f i c a t i o n  o f  e f f o r t  ha s  become no t  
o n l y  p o s s i b l e ,  b u t  r e a l i s t i c  and neces sa ry  due t o  wide suppor t  
from t h e  p u b l i c  and governments. It  should be f r e e  of  a t t e m p t s  
of  any s o r t  o f  s c i e n t i f i c  p r e s s u r e  o r  d i c t a t e :  each  Program 
p a r t i c i p a n t  should c l e a r l y  s e e  t h e  advantages  of  p a r t i c i p a t i n g  
i n  it, and should choose f o r  himself  t h e  s u b j e c t s  of i n t e r e s t  
and t h e  d i r e c t i o n  of i n v e s t i g a t i o n .  Advantages could  be  t h e  
undelayed r e c o r d i n g  i n  a  computer memory of t h e  r e s u l t s  of r e -  
s e a r c h  i n v e s t i g a t i o n ~ ,  gua ran t ee ing  t h e i r  c e r t i f i c a t i o n  of p r i -  
o r i t y ,  and t h e  r i g h t  t o  e x t e n s i v e  a c c e s s  t o  t h e  r e s u l t s  o f  r e -  
s e a r c h  work of a l l  t h e  Program p a r t i c i p a n t s .  Such a  program c a n  
o n l y  be  based on a  systems approach.  

MEMORANDUM TO THE 27TH WORLD HEALTH ASSEMBLY 

A t  t h e  27th s e s s i o n  of  t h e  WHA a  memorandum [3]  of  t h e  
S o v i e t  d e l e g a t i o n  was o f f i c i a l l y  d i s semina t ed  based on a  l e t t e r  
o f  t h e  S o v i e t  M i n i s t e r  o f  Heal th ,  Academician B.V. Pe t rovsky ,  
t o  t h e  D i r e c t o r  Genera l  of  WHO, H.  Mahler. The memorandum noted 
t h a t  t h e  USSR M i n i s t r y  of  Heal th  and t h e  USSR Academy o f  Medical 
Sc i ences  i n  con junc t ion  wi th  t h e  S c i e n t i f i c  Council  on t h e  com- 
p l e x  problem "malignant  neoplasms" under t h e  Praes id ium of t h e  
USSR Academy o f  Medical  Sc i ences  s t u d i e d ,  i n  1973-1974, p roposa l s  
of  e x p e r t s  and s p e c i a l i s t s  of  t h e  Sov ie t  Union and o t h e r  coun- 
t r ies  on p o s s i b l e  d i r e c t i o n s  f o r  an i n t e r n a t i o n a l  program of  
cance r  r e s e a r c h  and methods f o r  e f f e c t i v e l y  c o o r d i n a t i n g  t h e  
e f f o r t s  oE d i f f e r e n t  c o u n t r i e s .  

The S o v i e t  Union s t u d i e d  t h e  r e p o r t  o f  t h e  D i r e c t o r  General  
of  WHO (document A27/63 of  A p r i l  4, 1974) and noted  wi th  



satisfaction its profound and constructive nature and the large 
number of favorable responses from member countries. 

A program can be successful only if its methodological ba- 
sis is correct so that scattered elements of scientific, medical, 
and oncological research can be united into a single purposeful 
International Program. So, an analysis had to be made for the 
reasons of failure of previous such attempts. The most impor- 
tant condition for success is the correct determination of goals, 
sufficiency of scale and concentration on the important research 
aspects of the cancer problem, namely the mechansim of the spread 
of cancer, and the evaluation of the different systems and meth- 
ods of work of oncological services. Control measures (both 
therapeutic and preventive) must, as before, remain primarily 
the task of the national health services of each country, al- 
though generalization from international experience will obvi- 
ously be very useful for all national health administrations. 
Such a limit to the aims of the Program is desirable and does 
not run counter to the interests of WHO or its member states. 

The Program was divided into four stages. The first stage 
was compiling a list of the best directions and specific prob- 
lems for research work. This list should not be regarded as 
fixed, but should be systematically reexamined since medical 
oncology may change rapidly. 

The second stage consists of expert assessment of each re- 
search direction, including the International List of research 
elements, with due account being taken of the proposed methods 
of study of one or other research elements, the approximate time 
necessary for such research, and the number of countries or sci- 
entific establishments which could participate in the research. 
It was considered that this work could only be conducted at WHO, 
with participation by appropriate experts and specialists, as 
well as by national research establishments of member countries 
of WHO. 

The third stage is the compilation of a logical time se- 
quence for combining the separate oncological programs, due 
account being taken of their duration and importance. Special- 
ists in long-term planning and programming from all national and 
international organizations should be involved in compiling such 
a network diagram, which should look forward ideally about ten 
years, since a shorter period would be difficult because of the 
complexity of a cancer program, and a longer period (1 5-20 years) 
would deprive it of its direct usefulness and importance for 
member countries. 

The fourth stage is the creation of an International Infor- 
mation Center with the use of computers available at WHO. For 
this, work should be started immediately on elaboration of a 
machine language, standard programming code, research centers, 
methods, etc., to ensure wide application to these international 
programs by all national centers. Because machine languages and 



t y p e  o f  programs now used by v a r i o u s  member c o u n t r i e s  a r e  d i f f e r -  
e n t  i n  e s sence ,  it is  neces sa ry  f o r  s p e c i a l i s t s  from WHO, IIASA, 
IARC,  e t c . ,  t o  work o u t  a  t r u l y  i n t e r n a t i o n a l  t h e s a u r u s  and ma- 
c h i n e  language f o r  m u l t i l e v e l  s u p e r v i s i o n  and c o n t r o l  of  t h e  
I n t e r n a t i o n a l  Cancer Program. 

The most impor tan t  c o n d i t i o n  f o r  t h e  succes s  of t h e  I n t e r -  
n a t i o n a l  Cancer Program was t h a t  it be  a c t i v e l y  j o i n t e d  by t h e  
m a j o r i t y  o f  member c o u n t r i e s  of  WHO and by t h e  many r e s e a r c h  
e s t a b l i s h m e n t s  and l a b o r a t o r i e s  s i t u a t e d  i n  v a r i o u s  c o u n t r i e s  
o f  t h e  world.  Each coun t ry  should  c a r r y  o u t  cance r  r e s e a r c h  a t  
i t s  own expense and w i t h i n  i t s  c a p a b i l i t i e s ,  b u t  t h e  methodology 
of such i n v e s t i g a t i o n s  must b e  coo rd ina t ed  acco rd ing  t o  t h e  In-  
t e r n a t i o n a l  Program. Such an  approach would remove p o s s i b l e  
s u s p i c i o n  of  s c i e n t i f i c  dominat ion o f  c e r t a i n  c o u n t r i e s  o r  
e s t a b l i s h m e n t s ,  o r  o f  a t t e m p t s  t o  cause  a  b r a i n  d r a i n ,  which i n  
t h e  p a s t  ha s  had a  bad e f f e c t  on t h e  development of  medical  s c i -  
ence  and h e a l t h  c a r e  i n  developing  c o u n t r i e s .  

WHO (be ing  in t e rgove rnmen ta l )  and IARC,  and U I C C  a r e  t o  
p l a y  t h e  l e a d i n g  r o l e  i n  implementing t h e  I n t e r n a t i o n a l  Cancer 
Program, wh i l e  o t h e r  i n t e r n a t i o n a l  o r g a n i z a t i o n s  would b e  guided 
a s  t o  what components o f  t h e  r e s e a r c h  work t h e i r  own funds  cou ld  
be  d i r e c t e d .  

FURTHER ACTIVITIES 

I n  t h e i r  s t a t emen t s  a t  WHO, IARC,  U I C C  and o t h e r  i n t e r n a -  
t i o n a l  o r g a n i z a t i o n s  S o v i e t  r e p r e s e n t a t i v e s  s t r e s s e d  t h a t  t h e  
S o v i e t  Union would t a k e  an a c t i v e  r o l e  i n  working o u t  and i m -  
plementing t h e  Program of I n t e r n a t i o n a l  Cancer Research Coor- 
d i n a t i o n  and t h a t  it i s  ready  t o  ex tend  a l l  p o s s i b l e  a s s i s t a n c e  
and suppor t  t o  t h e  Program i n  t h e  f u t u r e .  A t  p r e s e n t ,  t h e  S o v i e t  
Union has  many b i l a t e r a l  and m u l t i l a t e r a l  c o o p e r a t i v e  agreements  
and t h e i r  r e s u l t s  would be  pu t  a t  t h e  d i s p o s a l  o f  WHO. 

A t  t h e  27th and 28th  Ses s ions  of t h e  WHA r e s o l u t i o n s  were 
adopted  (WHA 27.63 [4]  and WHA 28.65 [ 5 ] )  r e i t e r a t i n g  "conf i -  
dence  i n  t h e  u s e f u l n e s s  o f  s e t t i n g  up a  comprehensive i n t e r n a -  
t i o n a l  program f o r  cancer  r e s e a r c h . . . "  and underscor ing  t h e  i m -  
p o r t a n c e  o f  working o u t  an e f f e c t i v e  methodologica l  b a s i s .  It 
was proposed t h a t  t h e  D i r e c t o r  General  of  WHO c o n t i n u e  h i s  work 
on t h e  Program on t h e  I n t e r n a t i o n a l  Cancer Research Coopera t ion  
i n c l u d i n g  " t h e  s e t t i n g  up of  an  i n fo rma t ion  system t o  suppor t  
t h e  comprehensive program of  r e s e a r c h  i n  t h e  f i e l d  of  oncology. . . " .  
Of i n t e r e s t  i n  t h i s  f i e l d  i s  t h e  s e t  o f  approach e lements  be ing  
compiled a t  p r e s e n t  i n  t h e  USSR. 

Ex tens ive  i n v e s t i g a t i o n s  i n  oncology a r e  be ing  c a r r i e d  o u t ,  
e s p e c i a l l y  w i th  r ega rd  t o  d e t e c t i n g  t h e  mechanisms of  ca rc ino -  
g e n e s i s ,  a t  molecular  and submolecular  l e v e l s  (b iochemica l ,  
immunological,  c y t o g e n e t i c  and v i r o l o g i c a l ) .  Ques t ions  t h a t  
need r e s o l u t i o n  i n  t h e  nex t  10-15 y e a r s  a r e  t h e  mechanism of  



a c t i o n  o f  c a r c i n o g e n i c  s u b s t a n c e s  ( v i r u s e s ,  endogenous and exog- 
enous chemica l  s u b s t a n c e s ,  p h y s i c a l  f a c t o r s ) ,  t h e i r  metabol i sm 
i n  normal and tumor cel ls ,  t h e  d e t e c t i o n  and s u p p r e s s i o n  o f  
s o u r c e s  o f  con t amina t i on  o f  t h e  environment  by c a r c i n o g e n i c  sub- 
s t a n c e s ,  and c a n c e r  p r e v e n t i o n  s t e p s .  

PROSPECT FOR CANCER RESEARCH 

I n  1985-1990 t h e  mechanisms of  a c t i o n  of  v a r i o u s  b las tomogens  
and v i r a l  a g e n t s  may be  d i s c o v e r e d  which w i l l  e n t a i l  t h e  working 
o u t  o f  new methods of  t r e a t m e n t  and p r e v e n t i o n  of  ma l i gnan t  neo- 
p lasms ,  and w i l l  c r e a t e  more up- to-da te  methods f o r  t h e  e a r l y  
d i a g n o s i s  o f  c a n c e r  and t h e  changes  p r eced ing  i t .  

Research i n  t h e  n e x t  t e n  y e a r s  i n  oncology w i l l  d e a l  w i th :  

- The i d e n t i f i c a t i o n ,  c h a r a c t e r i z a t i o n  and mechanism o f  
a c t i o n  of new v i r a l  a g e n t s  o f  tumors  and l e u c o s e s  i n  man 
and an ima l s ;  

- Immunological a s p e c t s  o f  v i r a l  c a r c i n o g e n e s i s  and human 
tumors  w i t h  t h e  aim of  immunotherapy of  ma l i gnan t  neo- 
plasms ; 

- Gene t i c  a s p e c t s  o f  mal ignancy:  whether  t h e  ma l ignan t  
r e g e n e r a t i o n  i s  a  mu ta t i on  of t h e  soma t i c  c e l l  (geno typ i c  
t r a n s f o r m a t i o n ) ,  o r  t h e  r e s u l t  o f  d e v i a t i o n s  i n  t h e  
f u n c t i o n i n g  o f  t h e  normal genome (epigenomic c h a n g e ) ;  

- S t r u c t u r e ,  metabol ism and f u n c t i o n  o f  t h e  c e l l  membrane, 
and t h e  mechanism o f  s y n t h e s i s  o f  n u c l e i c  a c i d s  and pro-  
t e i n s  i n  normal and tumor cel ls ;  

- Tumor-organism i n t e r r e l a t i o n s h i p s ,  a n  u n d e r s t a n d i n g  o f  
which makes it p o s s i b l e  t o  u s e  s e l e c t i v e  methods of  
a t t a c k i n g  t h e  tumor (X-rays, chemica l  a g e n t s ,  s p e c i f i c  
enzyme t h e r a p y ,  e t c . ) ;  

- The mechanism o f  a c t i o n ,  c i r c u l a t i o n ,  metabol ism and t h e  
f a t e  o f  exogenous and endogenous c a r c i n o g e n i c  s u b s t a n c e s  
a t  t h e  c e l l u l a r  and s u b c e l l u l a r  l e v e l s ;  and a  s t u d y  of  
o c c u p a t i o n a l  f a c t o r s  and envi ronmenta l  con t amina t i on  by 
c a r c i n o g e n s .  

I n  c l i n i c a l  oncology s c i e n t i f i c  r e s e a r c h  w i l l  b e  d i r e c t e d  t o :  

- Working o u t  methods o f  e a r l y  d i a g n o s i s  of  ma l i gnan t  neo- 
plasms and pre tumor  s t a t e s ,  by v a r i o u s  methods,  and w i t h  
a  wider  u s e  of  computers ,  s o  t h a t  more p a t i e n t s  c a n  b e  
t r ~ e a t e d  r a d i c a l l y ;  

- The s y n t h e s i s  o f  new a n t i t u m o r  d rugs :  i n  t h e  n e x t  10-15 
y e a r s  20-30 new s e l e c t i v e l y  a c t i v e  a n t i t u m o r  compounds 



w i l l  be  syn thes i zed ,  t he reby  i n c r e a s i n g  t h e  e f f i c a c y  
of  tumor t r e a t m e n t ,  and new improved combina t ions  of 
d rugs  and of d r u g s  w i t h  r a d i a t i o n  o r  su rge ry  w i l l  be  
found; 

- The p o s s i b i l i t y  of u s ing  new t y p e s  of i r r a d i a t i o n  (pro-  
t o n s ,  pi-mesons, neu t rons ,  l a s e r  r a y s )  f o r  t h e  t r e a t -  
ment of  mal ignant  tumors and new methods of  i r r a d i a t i o n  
the rapy  (mobile ,  g e n e r a l ,  i n t e r s t i t i a l ,  i n t e r n a l  con- 
t a c t ,  e x t r a c o r p o r e a l ,  r e g i o n a l  i n f u s i o n  and p e r f u s i o n ,  
and combined) ; 

- The p o s s i b i l i t y  of  producing and u s i n g  r a d i o a c t i v e  a g e n t s  
of  humorotropic and o r g a n o t r o p i c  subs t ances  a s  c a r r i e r s  
f o r  t h e r a p e u t i c a l  purposes ;  

- The e l a b o r a t i o n  of  i n f r a r e d  and o t h e r  i r r a d i a t i o n  meth- 
ods t o  d i s c o v e r  t h e  p r e c i s e  l o c a l i z a t i o n  and e x t e n t  of 
neoplasms t o  enab le  e x a c t  c e n t e r i n g  of i r r a d i a t i o n  t r e a t -  
ment; 

- D i f f e r e n t i a l  r a y  e f f e c t s  on t h e  normal and tumor t i s s u e s  
w i t h  t h e  a i d  of  p h y s i c a l  and chemical  a g e n t s ;  

- Hormonal i n f l u e n c e s  on t h e  growth of tumors and,  i n  
p a r t i c u l a r ,  hormon-dependent cance r s ;  

- Improvement of  s u r g i c a l  methods of  t reatment--conserva-  
t i v e ,  r e h a b i l i t a t i v e  and rep lacement ;  

- Working o u t  complex methods f o r  t r e a t i n g  mal ignant  t u -  
mors by r a i s i n g  t h e  d e f e n s e  leGel  o f  t h e  organism which 
o b s t r u c t s  t h e  m e t a s t a t i c  spread  of t h e  tumors. 

Zn epidemiology,  s c i e n t i f i c  r e s e a r c h  w i l l  be  d i r e c t e d  t o :  

- A s tudy  o f  t h e  spread  o f  mal ignant  tumors of c e r t a i n  
l o c a l i z a t i o n s  and p r e v e n t i v e  measures w i t h  s p e c i a l  a t t e n -  
t i o n  t o  occupa t iona l  f a c t o r s ,  i n d u s t r i a l i z a t i o n ,  and 
u r b a n i z a t i o n ;  

- Improving cancer  s t a t i s t i c s  w i t h  s t anda rd i zed  computer- 
r e a d a b l e  forms;  a n a l y s i s  and s t o r a g e  of  s t a t i s t i c a l  d a t a ;  

- A s tudy  o f  t h e  expe r i ence  of onco log ica l  e s t a b l i s h m e n t s  
i n  s e l e c t e d  r e g i o n s  of  a  coun t ry  and problems of  s p e c i a l -  
i z e d  onco log ica l  a s s i s t a n c e  t o  t h e  popu la t i on .  

CONCLUSIONS 

The number of s u b s c r i b i n g  o r g a n i z a t i o n s ,  i n v e s t i g a t o r s  and 
i n v e s t i g a t i o n s  a r e  h igh  and growing. 



One of  t h e  impor tan t  t a s k s  t h a t  must be so lved  i s  t h e  orga-  
n i z a t i o n  of  exchange of i n fo rma t ion .  A t  p r e s e n t ,  i n fo rma t ion  
exchange i s  mainly through p u b l i c a t i o n s  and by pe r sona l  c o n t a c t  
a t  congres se s ,  l e a d i n g  t o  s i g n i f i c a n t  d e l a y s  i n  o b t a i n i n g  i n f o r -  
mation.  The growing volume of  p u b l i c a t i o n s  makes it d i f f i c u l t  
t o  f i n d  neces sa ry  i n fo rma t ion  and t h e r e  i s  t h e  danger  of unnec- 
e s s a r y  p a r a l l e l i n g  o f  work; work i n  s i m i l a r  d i r e c t i o n s  which i s  
c a r r i e d  o u t  i n  d i f f e r e n t  c o u n t r i e s  is  hard  t o  compare, s i n c e  
t h e r e  i s  no s t a n d a r d i z a t i o n  of methods. A s  a  r e s u l t  c o n s i d e r a b l e  
d i f f i c u l t i e s  a r i s e  when a t t e m p t s  a r e  made t o  c o o r d i n a t e  and f o r e -  
c a s t  r e s u l t s  of  i n v e s t i g a t i o n s .  However it i s  i n  p r i n c i p l e  pos- 
s i b l e  f o r  long-term i n t e r n a t i o n a l  coope ra t ion  s i n c e  much o f  t h e  
s t r u c t u r e  of  t h e  n a t i o n a l  programs i s  s i m i l a r .  

The g l o b a l  g o a l  o f  t h e  Long-Term I n t e r n a t i o n a l  Coopera t ion  
Program i n  oncology i s  t h e  maximum r e d u c t i o n  of d e l a y  i n  o b t a i n -  
i n g  r e s u l t s .  The f i n a l  goa l  is  t o  reduce  cance r  morb id i ty  and 
m o r t a l i t y .  

F igu re  1 shows t h e  proposed s t r u c t u r e  of t h e  Program [ 6 1 .  
The f i r s t  s t a g e  of t h e  Program i s  working o u t  an i n fo rma t ion  
exchange system and a s s e s s i n g  t h e  s c i e n t i f i c  p o t e n t i a l s  o f  t h e  
p a r t i c i p a n t s .  The network diagram should  be based on t h e  i n f o r -  
mat ion  system. A q u a l i t a t i v e  e v a l u a t i o n  of  r e s o u r c e s  ( t ime ,  
pe r sonne l ,  funds ,  equipment, e t c . )  i s  r e q u i r e d  f o r  t h e  s o l u t i o n  
o f  g iven  t a s k s  and t h e  Program a s  a  whole, whi le  a  q u a n t i t a t i v e  
assessment  of  r e s o u r c e s  i s  t h e  f i r s t  s t e p  f o r  compi l ing  a  l o g i c a l  
network diagram f o r  t h e  Program. 

M A I N  TECHNICAL FEATURES OF THE PROGRAM 

Informat ion  exchange i s  c r u c i a l  t o  t h e  p r o g r e s s  of modern 
s c i e n t i f i c  p r o j e c t s .  E x i s t i n g  methods a r e  slow and unmanage- 
a b l e  b u t  t h e  system proposed h e r e  w i l l  make it p o s s i b l e  t o  i n -  
c r e a s e  t h e  s p e c i a l i z a t i o n  o f  i n fo rma t ion  and t o  reduce  t h e  d e l a y  
i n  i t s  r each ing  r e s e a r c h e r s .  

Informat ion  s e r v i c e s  i n  medicine a l r e a d y  s t o r e  a  l a r g e  
amount o f  i n fo rma t ion  b u t  t h e r e  i s  a  need f o r  a  systems s t r u c -  
t u r a l  a n a l y s i s  o f  i n fo rma t ion  ( s e e  Bai ley  and Pavlov i n  t h i s  
volume) based on e x p e r t  e s t i m a t e s  and computer t echn iques  r a t h e r  
t h a n  t h e  s imple  b u t  o f t e n  i n s u f f i c i e n t  a n a l y s e s  of today .  Thus 
t h e  main a r e a s  o f  world s c i e n t i f i c  a c t i v i t y  t o g e t h e r  wi th  t h e  
most impor tan t  i n t e r a c t i o n s  between such a r e a s  and t h e  d i s p l a y  
o f  a  s i m p l i f i e d  dynamic s t r u c t u r e  of  any s c i e n t i f i c  p r o j e c t  i s  
needed. Th i s  w i l l  a s s i s t  i n  f i l l i n g  t h e  gaps i n  s c i e n t i f i c  
p rog re s s  and p lanning .  

The Informat ion  S e r v i c e  

Each p a r t i c i p a n t  r o u t i n e l y  sends  r e s u l t s  o f  h i s  i n v e s t i g a -  
t i o n s  t o  t h e  I n t e r n a t i o n a l  Informat ion  Center  and has  a c c e s s  t o  
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t h e  r e s u l t s  of a l l  o t h e r  Program p a r t i c i p a n t s .  The d a t a  w i l l  
be r e g i s t e r e d  i n  t h e  name of  t h e  s c i e n t i s t  o r  t h e  group of s c i -  
e n t i s t s  t h a t  sends  them t o  prevent  p o s s i b l e  misunders tandings  a s  
t o  p r i o r i t y .  

There w i l l  a l s o  be a  system of s e l e c t i v e  d i s semina t ion  of  
informat ion ,  SDI, i n  which s p e c i a l i z e d  informat ion  i s  a v a i l a b l e  
t o  p a r t i c i p a n t s .  

To be more s p e c i f i c ,  our  approach t o  t h e  Cancer Program 
development i s  a s  fo l lows :  

F i r s t ,  t h e  l i s t  of t h e  p r i o r i t y  r e s e a r c h  a r e a s  should be 
compiled. This  can  be a  l i s t  of t h e  problems and r e s e a r c h  e l e -  
ments p re sen ted  by t h e  Sov ie t  Union t o  WHO ( s e e  l a t e r ) ,  o r  t h e  
l i s t  of  approach elements  of  t h e  Nat ional  Cancer Program Plan  
of  t h e  United S t a t e s  [ 7 ] ,  o r  some o t h e r  r e s e a r c h  a r e a  l i s t  com- 
p i l e d  through t h e  e f f o r t s  o f  e x p e r t s  r e p r e s e n t i n g  WHO member 
c o u n t r i e s .  

Second, t h e  in fo rma t iona l  l i n k s  between t h e s e  r e s e a r c h  
a r e a s  should be i d e n t i f i e d .  For t h i s  purpose,  we have used both  
t h e  c r i t e r i a  o f  e x p e r t  assessment and s c i e n t i f i c  p u b l i c a t i o n  
c i t a t i o n s .  

Th i rd ,  t h e  complex system o f  i n t e r c o n n e c t i o n s  between t h e  
r e s e a r c h  a r e a s  i s  t o  be processed by computer t o  expose t h e  
groups of  r e l a t e d  elements  ( t h e  approaches ) .  

S e l e c t i v e  d i s semina t ion  of  informat ion  (SDI) w i t h i n  t h e s e  
approaches w i l l  be made a s  soon a s  new r e s e a r c h  d a t a  a r e  ob ta ined  
and any Program p a r t i c i p a n t  w i l l  have acces s .  By s p e c i a l  r e q u e s t  
nonre l a t ed  approaches would a l s o  be g iven .  

An e s s e n t i a l  f e a t u r e  of  t h i s  SDI is  t h a t  " i n v i s i b l e  c o l l e g e s "  
of  r e s e a r c h e r s  i n  s i m i l a r  f i e l d s  a r e  r evea led ,  and t h e  competing 
p a r t i c i p a n t s  a r e  provided wi th  a l l  r e l e v a n t  informat ion .  

Data i n  t h e  SDI system (F igu re  2 )  w i l l  r e g u l a r l y  comprise 
r e s e a r c h  r e p o r t s ,  and summaries and a b s t r a c t s  of t h e s e  r e p o r t s .  
For e a s i e r  compi la t ion ,  t h e  form of r e p o r t s  and t h e i r  p rocess ing  
must be s t anda rd ized .  For e n t r y  i n t o  t h e  system, t h e  r e p o r t  
must be submit ted  by t h e  Program p a r t i c i p a n t  t o  h i s  Nat ional  In- 
format ion  P repa r ing  Center  where r e p o r t  e d i t i n g  and r eco rd ing  of  
t h e  r e s u l t s  i n t o  t h e  System Data Base w i l l  be performed. The 
I n t e r n a t i o n a l  Informat ion  Center  can then  be sma l l e r  and i t s  
work reduced.  

SDI B u l l e t i n s  con ta in ing  t i t l e s  and a b s t r a c t s  o f  r e l e v a n t  
r e p o r t s ,  w i l l  be s e n t  r e g u l a r l y  t o  p a r t i c i p a n t s .  On r e q u e s t  a  
f u l l  t e x t  of  t h e  r e p o r t  of i n t e r e s t  w i l l  be s e n t .  Also Summary 
B u l l e t i n s  o f  new incoming m a t e r i a l  con ta in ing  t i t l e s  and p o s s i b l y  
summaries of  a l l  t h e  prepared r e p o r t s ,  w i l l  be publ i shed  r egu la r -  
l y .  The b u l l e t i n s  w i l l  be d i v i d e d  i n t o  some f i f t e e n  s u b j e c t s .  



S D I  B U L L E T I N  
ABSTRACT 

C O N T A I N S  SUM- 
SUMMAKY 

M A R I E S  OR 
T I T L E  

ABSTRACTS 

Figure 2. 

I n  o r d e r  t o  s i m p l i f y  t h e  system, each  p a r t i c i p a n t ,  a f t e r  computer 
a n a l y s i s  of  h i s  i n t e r e s t  p a t t e r n ,  w i l l  be s e n t  o n l y  t h e  r e l e v a n t  
b u l l e t i n s .  

Expe r t s  who f i n d  t h e  connec t ions  between t h e  l i s t e d  r e -  
s e a r c h  e lements  adopted f o r  t h e  Cancer Program have much respon- 
s i b i l i t y  h e r e ,  a s  a  mi s t ake  may mean t h a t  i n fo rma t ion  r e q u i r e d  
by a  p a r t i c i p a n t  i s  n o t  s e n t  t h e r e b y  caus ing  d e l a y .  

Requests  t o  t h e  I n t e r n a t i o n a l  Center  must be supe rv i sed  by 
t h e  Na t iona l  In fo rma t iop  P r e p a r a t i o n  Center  (F igu re  2 ) .  Unlike 
t h e  e x i s t i n g  b i b l i o g r a p h i c  sys tems,  t h e  d a t a  base  of  t h e  SDI 
system w i l l  c o n t a i n  f a c t o g r a p h i c  m a t e r i a l ,  r e s e a r c h  r e p o r t s  of  
i n v e s t i g a t o r s  and c l i n i c a l  r e p o r t s  s o  t h a t  a  p a r t i c i p a n t  can  r e -  
c e i v e  no t  o n l y  b i b l i o g r a p h i c  d e s c r i p t i o n s  of  t h e  documents b u t  
a l s o  t h e  documents themselves .  I n  t h e  f u t u r e  t h e r e  may be t r a n -  
s i t i o n  t o  a  l o g i c a l  f a c t o g r a p h i c  i n fo rma t ion  system t h a t  can  
g e n e r a l i z e  document c o n t e n t s .  

Account must be  t aken  o f  a v a i l a b l e  achievements  i n  medica l  
i n fo rma t ion  r e t r i e v a l  sys tems,  one of  t h e  most developed be ing  
MEDLARS [8,9]. Based s o l e y  on j o u r n a l  p u b l i c a t i o n s ,  it p rov ides  
o n l y  b i b l i o g r a p h i c  d e s c r i p t i o n s  of  documents, n o t  t h e  documents 
themselves .  However, t a k i n g  i n t o  account  MEDLARS l a r g e  d a t a  
bank and i t s  s o p h i s t i c a t e d  so f tware ,  it is  exped ien t  t o  u s e  t h i s  
system a s  much a s  p o s s i b l e .  



The CANCERLINE in fo rma t ion  s e r v i c e  [ l o ]  developed i n  r e c e n t  
y e a r s  i n  t h e  United S t a t e s  i s  a l s o  based on t h e  MEDLARS system 
[ I l l .  Moreover, t h e  U.S. Na t iona l  Cancer I n s t i t u t e  proposes  t o  

deve lop  t h e  cance r  program of  ICRDB by us ing  t h e  MEDLARS system 
and supply ing  it wi th  a n  a n a l y s i s  of  ongoing r e s e a r c h  [12,13,141.  
We propose  t o  go even f u r t h e r :  t o  s t o r e  on t a p e  c u r r e n t  r e s e a r c h  
r e p o r t s  and t o  provide  c o p i e s  of t h e s e  documents upon r e q u e s t  s o  
t h a t  Program p a r t i c i p a n t s  can  u s e  r e s u l t s  of  r e s e a r c h  work b e f o r e  
t h e i r  formal  p u b l i c a t i o n .  

INFORMATION LINKS PROCESSING 

A s i g n i f i c a n t  c h a r a c t e r  of  t h e  proposed system i s  t h a t  each  
e lement  may be i nco rpo ra t ed  i n t o  a number of  d i f f e r e n t  approaches ,  
t h u s  d i s t i n g u i s h i n g  e lements  which a r e  of  i n t e r e s t  t o  many ap- 
proaches ,  t h e  so -ca l l ed  key, o r  p i v o t a l  e lements .  These a r e  r e -  
s e a r c h  problems t h a t  t r a n s f e r  i n fo rma t ion  from one approach i n t o  
a n o t h e r  s o  t h a t  t hey  become t h e  main r e s e a r c h  problems. Second- 
l y ,  th rough t h e  p i v o t a l  e lements ,  we may e v a l u a t e  t h e  r e s o u r c e s  
needed f o r  f u l f i l l i n g  t h e  whole Program. 

The working group of  t h e  I n s t i t u t e  f o r  Con t ro l  Sc i ences  f o r  
t h e  Cancer Program development i n  c o o p e r a t i o n  w i t h  t h e  S o v i e t  
Cancer Research Center  ( C R C ) ,  ( former ly  t h e  I n s t i t u t e  of  Experi-  
menta l  and C l i n i c a l  Oncology), used t h e  Approach Element L i s t  
which inc luded  121 e lements  of t h e  i n i t i a l  13 approaches.  Th i s  
L i s t  was d i scus sed  and approved by t h e  con fe rence  o f  d i r e c t o r s  
of  ontological i n s t i t u t e s  of t h e  s o c i a l i s t  c o u n t r i e s  i n  September, 
1973 and by t h e  conference  o f  WHO e x p e r t s  i n  December, 1973. 

The Graph of  Links 

The e x p e r t s  of t h e  CRC worked o u t  a number of g raphs  of 
element  l i n k s .  These g raphs  had 121 nodes and approximate ly  
2500 a r c s .  One of t h e s e  g raphs  i s  p re sen ted  i n  F i g u r e  3, and 
shows o n l y  immediate i n fo rma t ion  l i n k s .  Approach e lements  a r e  
coded i n  t h e  fo l lowing  manner: e lement  3.6 i s  t h e  s i x t h  element  
of  t h e  t h i r d  problem of t h e  L i s t .  The arrows show t h a t  r e s u l t s  
o b t a i n e d ,  s ay  i n  approach e lement  3.6,  have an  e f f e c t  on i n v e s t i  
g a t i o n s  i n  approach e lements  1 .1 ,  2 .7,  9.3, 9.5, e t c .  

The Approach Element L i s t  i n c l u d e s  121 elements-- the ver -  
t i c e s  o f  t h e  graph.  Approximately 20 a r c s  of i n d i r e c t  l i n k s  
s tem from each graph  v e r t e x .  Ev iden t ly ,  it i s  imposs ib l e  t o  
a n a l y z e  such a n  i n t r i c a t e  s t r u c t u r e  w i thou t  powerful  computers .  

The Element L i s t  ha s  been d i v i d e d  i n t o  13 approaches :  
( 1 )  Biology and b iochemis t ry  of t h e  tumor c e l l s ;  ( 2 )  V i r a l  c a r -  
c i n o g e n e s i s ;  ( 3 )  Chemical c a r c i n o g e n e s i s ;  ( 4 )  Rad ia t i on  c a r c i n o -  
g e n e s i s ;  (5)  Immunology of tumors;  ( 6 )  Tumor-host i n t e r a c t i o n ;  
(7 Tumor morphology; (8) Malignant  tumor d i a g n o s t i c s ;  ( 9 )  Ex- 
pe r imen ta l  and c l i n c a l  chemotherapy; (10)  S u r g i c a l  t r e a t m e n t ;  





(1  1  ) Radiob io logy  and r a d i o l o g i c a l  t r e a t m e n t ;  (1  2 )  ~ p i d e m i o l o g y  
and  m a l i g n a n t  tumor s t a t i s t i c s ;  ( 1 3 )  Cancer  p r o p h y l a x i s  and con- 
t r o l .  

Because o f  t h e  c o m p l e x i t y  o f  i n f o r m a t i o n  l i n k s  w i t h i n  t h e  
Element  L i s t ,  i t  i s  u s e f u l  t o  employ a  smaller g r a p h  o f  t h e  l i n k s  
between a p p r o a c h e s  as shown i n  F i g u r e  4 .  T h i s  i s  s t i l l  t o o  com- 
p l e x ,  and t o  s i m p l i f y  it, a computer  program was w r i t t e n  t o  d e -  
t e r m i n e  t h e  s i m p l e s t  s m a l l  g r a p h  o f  s t r u c t u r e  f o r  t h e  l a r g e  g r a p h  
o f  e l e m e n t  l i n k s .  

The C o m p i l a t i o n  o f  Approaches  

The main i d e a  o f  fo rming  new a p p r o a c h e s  i s  t h a t  t h e  group-  
i n g  o f  e l e m e n t s  i n t o  t h e  t r a d i t i o n a l  1 3  a p p r o a c h e s  i s  n o t  nec- 
e s s a r i l y  t h e  b e s t :  o p t i m a l  a p p r o a c h e s  must b e  formed w i t h  con- 
s i d e r a t i o n  o f  i n f o r m a t i o n  l i n k s  t h a t  e x i s t  i n  r e a l i t y .  The ele- 
ments  o f  a n  a p p r o a c h  a r e  e i t h e r  s t r o n g l y  t i e d  t o g e t h e r  w i t h  
weak r e l a t i o n s  t o  e l e m e n t s  o f  o t h e r  a p p r o a c h e s  (see F i g u r e  5 a ) ,  
o r  t h e y  a r e  weakly t i e d  t o g e t h e r ,  b u t  are u n i f o r m l y  s t r o n g l y  
r e l a t e d  w i t h  e l e m e n t s  o f  some o t h e r  a p p r o a c h  (see F i g u r e  5 b ) .  
The numbers i n  p a r e n t h e s e s  i n  F i g u r e  5  d e n o t e  t h e  numbers o f  
e l e m e n t s  i n  t h e  a p p r o a c h e s .  

The computer  program which c o m p i l e s  new a p p r o a c h e s  f rom t h e  
a c c e p t e d  E lement  L i s t ,  min imizes  a c e r t a i n  f o r m a l  c r i t e r o n  [ I 5 1  
t h a t  e x p r e s s e s  t h e  amount o f  d i s c r e p a n c y  between t h e  g r a p h  o f  
s t r u c t u r e  and  t h e  i n f o r m a t i o n  l i n k s  between t h e  a p p r o a c h  e l e m e n t s .  



The s t r u c t u r e  graphs  i n  F igu re s  5a and 5b cor respond t o  d i f f e r e n t  
( b u t  approximate ly  e q u a l )  l o c a l  minima reached from d i f f e r e n t  
i n i t i a l  l i n k s  o f  t h e  approaches and under  d i f f e r e n t  p o l i c i e s  of 
minimum sea rch ing .  

Figure 5 .  

A FORTRAN I V  program f o r  Element L i s t  s t r u c t u r e  o p t i m i z a t i o n  
r e q u i r e s  about  150K of t h e  ICL System 4-70 c o r e  memory and 
approximate ly  40 minutes  of p roces so r  t ime.  The graph and ap- 
proach l i s ts  r e s u l t i n g  de termine  t h e  s t r u c t u r e  of t h e  system f o r  
SDI. 

The r e s e a r c h  r e p o r t  a b s t r a c t s  of t h e  members of any approach 
element  should be s e n t  t o  t h e  Informat ion  Cen te r ,  wh i l e  t h e  r e -  
p o r t s  themselves  should be s t o r e d  i n  Nat iona l  Data Banks on t a p e ,  
o r  o the rwi se ,  t o  provide  f o r  t h e  p roduc t ion  of c o p i e s  on r e q u e s t .  
This  document s t o r a g e  would be ve ry  u s e f u l  i n  i n fo rma t ion  l o g i c  
systems of  t h e  f u t u r e .  



The C e n t e r  d i s s e m i n a t e s  a b s t r a c t s  t o  a l l  t h e  members o f  a  
p a r t i c u l a r  and r e l a t e d  approach .  T h i s  makes c i r c u l a t i o n  on non- 
r e l e v a n t  i n f o r m a t i o n  s u f f i c i e n t l y  s m a l l .  I f  some approach  e l e -  
ments  have  n o t  been i n c l u d e d  i n  any new a p p r o a c h ,  t h e n  p a r t i c i -  
p a n t s  a r e  n o t  i n c l u d e d  i n  t h e  SDI sys tem b u t  g e t  i n f o r m a t i o n  
from t h e  C e n t e r  by s p e c i a l  r e q u e s t s .  

I n  t h e  i n i t i a l  Element  L i s t  a n  e l e m e n t  c o n t a i n e d  i n  a  s i n g l e  
a p p r o a c h ,  may be i n c l u d e d  i n  any number o f  o p t i m a l  a p p r o a c h e s  
a f t e r  p r o c e s s i n g .  Elements  s i m u l t a n e o u s l y  c o n t a i n e d  i n  a  l a r g e  
number o f  a p p r o a c h e s ,  u s u a l l y  g r e a t e r  t h a n  t h r e e ,  a r e  t h e  main 
r e s e a r c h  t a s k s  o f  t h e  Program and s h o u l d  a t t r a c t  s p e c i a l  a t t e n -  
t i o n  by t h e  Program managers .  R e s u l t s  a t t a i n e d  i n  t h e s e  p i v o t a l  
problems i n f l u e n c e  a  l a r g e  number o f  approach  e l e m e n t s .  

The o p t i m a l  approach  s t r u c t u r e  and t h e  a p p r o a c h e s  them- 
s e l v e s  a r e  s t r o n g l y  a f f e c t e d  by t h e  l a r g e  g r a p h  o f  e l e m e n t  l i n k s  
( F i g u r e  3 )  worked o u t  by m e d i c a l  i n f o r m a t i o n  e x p e r t s ,  and se- 
q u e n t i a l  v e r i f i c a t i o n s  o f  t h i s  and o f  t h e  o p t i m a l  a p p r o a c h e s  a r e  
t h e r e f o r e  n e c e s s a r y .  To c a r r y  o u t  t h e s e  v e r i f i c a t i o n s  i n  t h e  
S o v i e t  CRC, an e x p e r t  commission formed from l e a d i n g  p r o f e s s i o n -  
a l s  i n  t r a d i t i o n a l  c a n c e r - r e l a t e d  r e s e a r c h  was o r g a n i z e d .  

Thus t h e  work b e i n g  c a r r i e d  o u t  i n  t h e  USSR i n  o r g a n i z i n g  
t h e  Long-Term Program f o r  Cancer  Research  may become a  b a s i s  f o r  
s e t t i n g  up a n  i n t e r n a t i o n a l  t h e s a u r u s  and language  f o r  SDI wi th -  
i n  t h e  I n t e r n a t i o n a l  Cancer Program. The need t o  c a r r y  o u t  such 
work on t h e  f o u r t h  s t a g e  of  t h e  I n t e r n a t i o n a l  Program was no ted  
i n  r e s o l u t i o n  WHA 27.63. 

RESOURCES ASSESSMENT 

I n s t e a d  o f  d e t e r m i n i n g  r e s o u r c e  r e q u i r e m e n t s  ( t i m e  i n t e r v a l s ,  
f i n a n c e ,  manpower, workshops, e t c . )  o f  t h e  Program a s  a  whole ,  w e  
d e t e r m i n e  t h e  r e s o u r c e s  s e p a r a t e l y  w i t h i n  t h e  o p t i m a l  a p p r o a c h e s .  
F i g u r e  6  shows t h e  r a t h e r  s i m p l e  i n n e r  s t r u c t u r e  o f  t h e s e ;  d o u b l e  
circles a r e  t h e  p i v o t a l  e l e m e n t s .  

E x p e r t  e s t i m a t e s  o f  r e s o u r c e s  n e c e s s a r y  f o r  s e p a r a t e  ap- 
p r o a c h e s  may b e  ba lanced  by comparing e x p e r t  e s t i m a t e s  f o r  t h e  
p i v o t a l  approach  e l e m e n t s  i n  s e v e r a l  a p p r o a c h e s .  I f  p i v o t a l  e l -  
ements  g e t  d i f f e r e n t  e s t i m a t e s  i n  d i f f e r e n t  a p p r o a c h e s ,  t h i s  n a t -  
u r a l l y  c a u s e s  o n e  t o  doubt  t h e  r e l i a b i l i t y  o f  t h e s e  e s t i m a t e s .  
The c o r r e c t i o n  o f  t h e  p i v o t a l  e l e m e n t  e s t i m a t e s  w i l l  c a u s e  
c h a n g e s  i n  o t h e r  e lement  e s t i m a t e s  w i t h i n  c o r r e s p o n d i n g  a p p r o a c h e s ,  
etc. T h i s  a d j u s t m e n t  o f  e x p e r t  e s t i m a t e s  and b a l a n c i n g  d a t a  may 
be done  s u c c e s s i v e l y  u n t i l  a l l  c o n t r a d i c t i o n s  a r e  e l i m i n a t e d .  

The c o m p o s i t i o n  o f  a  l o g i c  network d iagram f o r  t h e  Program 
comes a f t e r  working o u t  a  r e s o u r c e s  e s t i m a t i o n  and t h i s  would 
d i s p l a y  t h e  advance  of s c i e n t i f i c  a t t a c k s  on  c a n c e r  w h i l e  r e a c h -  
i n g  f o r  t h e  f i n a l  g o a l - - t h e  r e d u c t i o n  o f  t h e  i n c i d e n c e ,  m o r b i d i t y  
and m o r t a l i t y  o f  c a n c e r .  



HOW THE PROGRAM WOULD BE RUN 

The Program implementation stages are presented in Figure 7. 
The middle part shows actions to fulfill the Program, the left 
part the results of the actions, and bhe right part final results 
of planning--organization of SDI service and compositon of the 
logic network diagram. The procedures of expert assessments are 
circles. 

As any information has a tendency to become obsolete, the 
proposed SDI system and the logic network diagram may well be- 
come obsolete too. The need for new information links will 
arise, and some old links will partially break off. The Element 
List may be changed--some research problems will lose their sig- 
nificance while new problems will be included. Successive break- 
throughs will occur in some directions of the Program while in 
other directions there may be temporary stagnation. All this 
will force us to adjust planning in the future. The adjustment 
should be made by the Advisory Council for the International Can- 
cer Program created under the auspices of WHO and incorporating 
the scientists--oncologists and mathematicians--who would repre- 
sent WHO member countries, international organizations (UICC, 
IARC, IIASA) etc. and experts in cancer research. The Council's 
duties should be regular reports on the fulfillment of the Pro- 
gram, working out forecasts on the program as a whole and the 
particular approaches. These may be taken into account for ad- 
justment of the logic network diagram. 
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With some s l i g h t  changes  t h e  man-machine p r o c e d u r e s  f o r  
a n a l y z i n g  t h e  i n f o r m a t i o n  s t r u c t u r e  o f  c a n c e r  r e s e a r c h  t h a t  were 
worked o u t  i n  t h e  USSR i n  t h e  CRC and t h e  I n s t i t u t e  f o r  C o n t r o l  
S c i e n c e s  c a n  b e  a d o p t e d .  It i s  c l e a r  t h a t  t h e  g r e a t e r  p a r t  of  
working o u t  t h e  I n t e r n a t i o n a l  Long-Term Cancer  Program i s  p l a y e d  
by a  modern computer  t e c h n i q u e  b u t  t h i s  s h o u l d  n o t  d i s c o n c e r t  
p a r t i c i p a n t s  o f  t h e  Program b e c a u s e  a s  may b e  s e e n  i n  F i g u r e  7 ,  
v i r t u a l l y  any  computer  recommendation is  c o n t r o l l e d  by e x p e r t s  
i n  m e d i c i n e  o r  i n  sys tems  a n a l y s i s .  C l o s e  man-machine i n t e r a c -  
t i o n  r e a l i z e d  i n  t h e  Program o r g a n i z a t i o n  c r e a t e s  p r e r e q u i s i t e s  
f o r  mutua l  e r r o r  c o r r e c t i o n s  and g u a r a n t e e s  s u c c e s s f u l  Program 
c o m p l e t i o n .  

The method we p r o p o s e  f o r  implement ing t h e  Cancer  Program 
[I61 i s  based  on a  sys tems  a p p r o a c h ,  and we hope t h a t  t h i s  w i l l  
e n s u r e  i t s  s u c c e s s .  
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The P o t e n t i a l i t i e s  of a Systems Approach t o  
The World H e a l t h  O r g a n i z a t i o n ' s  Role  i n  C o o r d i n a t i n g  

I n t e r n a t i o n a l  Cancer  A c t i v i t i e s  

A.S. Pav lov  and N.T.J. B a i l e y  

INTRODUCTION 

T h e r e  a p p e a r s  t o  b e  g e n e r a l  agreement  t h a t :  

- The g r o u p  o f  d i s e a s e s  g e n e r i c a l l y  l a b e l l e d  ' c a n c e r '  i s  
a t o p  p r i o r i t y  c o n c e r n  i n  t h e  world t o d a y ,  c e r t a i n l y  
f o r  deve loped  c o u n t r i e s  and i n c r e a s i n g l y  f o r  d e v e l o p i n g  
c o u n t r i e s ;  

- Enormous r e s o u r c e s  have  been ,  and a r e  b e i n g ,  expended i n  
t h e  f i g h t  a g a i n s t  c a n c e r ,  w i t h o u t  f i n a l  c o n t r o l  hav ing  
been a c h i e v e d ;  and 

- New e f f o r t s  a r e  a c c o r d i n g l y  r e q u i r e d  i n  t h e  o v e r a l l  co-  
o r d i n a t i o n  and management o f  c a n c e r  a c t i v i t i e s  on a n  
i n t e r n a t i o n a l  l e v e l .  

Moreover,  t h e  Twenty-Seventh World H e a l t h  Assembly, i n  i t s  r e s o -  
l u t i o n  o n  t h e  long- te rm p l a n n i n g  of  i n t e r n a t i o n a l  c o o p e r a t i o n  i n  
c a n c e r  r e s e a r c h ,  WHA 27.63 (Off. Rec . ,  No. 217, p .  3 2 ) ,  s p e c i f i -  
c a l l y  

... r e q u e s t s  t h e  D i r e c t o r  Genera l  t o  c o n t i n u e  t h e  work 
t h a t  h a s  been s t a r t e d  on a comprehens ive  program f o r  
i n t e r n a t i o n a l  c o o p e r a t i o n  i n  c a n c e r  r e s e a r c h  and re- 
s e a r c h  methodology,  i n c l u d i n g  s u g g e s t i o n s  on a n  e f f e c -  
t i v e  sys tem of  i t s  implementa t ion , '  t a k i n g  i n t o  a c c o u n t  
a l l  r e s o u r c e s  a t  h i s  d i s p o s a l ,  c a l l i n g  on t h e  s e r v i c e s  
of any  e x p e r t s  needed ,  r e p r e s e n t a t i v e  o f  Member S t a t e s  
and r e p r e s e n t a t i v e s  of t h e  i n t e r n a t i o n a l  o r g a n i z a t i o n s  
c o n c e r n e d . . . .  

I n  a s u b s e q u e n t  WHO E x e c u t i v e  Board document (EB55/7, 9 December 
1974)  t h e  D i r e c t o r - G e n e r a l  p r e s e n t e d  a r e p o r t  on t h e  f u r t h e r  
a c t i o n s  and developments  t h a t  had t a k e n  p l a c e .  

Consequent ly ,  WHO i s  committed t o  t h e  t a s k  of  c o o r d i n a t i n g  
i n t e r n a t i o n a l  c a n c e r  a c t i v i t i e s  t h r o u g h  t h e  development  o f  a n  
a p p r o p r i a t e  comprehensive program. The e x t e n t  t o  which,  i n  
p r a c t i c e ,  such  a c t i v i t i e s  should  i n v o l v e  g e n e r a l  problems of  
a p p l y i n g  p r e s e n t  knowledge and managing e x i s t i n g  r e s o u r c e s ,  a s  
w e l l  a s  t h e  development  o f  r e s e a r c h ,  i s  a m a t t e r  t o  b e  d e c i d e d .  
On t h e  whole ,  it seems p r e f e r a b l e  t o  d e f i n e  r e s e a r c h  i n  s u c h  a 
way a s  t o  i n c l u d e  new methods o f  a p p l i c a t i o n  and i m p l e m e n t a t i o n ,  
i n  a d d i t i o n  t o  t h e  t r a d i t i o n a l  c o n n o t a t i o n  o f  fundamenta l  r e s e a r c h .  



OVERALL OBJECTIVES 

The u l t i m a t e  o b j e c t i v e s  of  t h e  WHO program a r e  t o  p reven t  
t h e  occu r r ence  of cancer  s o  f a r  a s  p o s s i b l e  and t o  improve t h e  
d i a g n o s i s ,  t r ea tmen t ,  c u r e  and a l l e v i a t i o n  of  cancer  when it 
o c c u r s  . 

Thi s  i s  a n  h e r o i c  unde r t ak ing .  I t s  v a s t  dimensions r e q u i r e  
t h a t  more l i m i t e d ,  s u b s i d i a r y  o b j e c t i v e s  a l s o  be i d e n t i f i e d  t o  
e n a b l e  e f f e c t i v e  work t o  be done i n  t h e  r i g h t  d i r e c t i o n .  There 
i s  a  b i g  gap between WHO'S p lanning  a c t i v i t i e s  and t h e  p r a c t i c a l  
a p p l i c a t i o n s  t o  t h o s e  i n d i v i d u a l s  whose h e a l t h  must be promoted. 
WHO has  d i r e c t  c o n t a c t s ,  p r i m a r i l y  of an  a d m i n i s t r a t i v e  n a t u r e ,  
w i t h  o t h e r  n a t i o n a l  and i n t e r n a t i o n a l  o r g a n i z a t i o n s .  Th i s  means 
t h a t  l i m i t e d  o b j e c t i v e s  a r e  r e q u i r e d  i n  te rms  of  s p e c i f i c  pro- 
grams des igned  t o  f u r t h e r  o v e r a l l  o b j e c t i v e s .  

TYPES OF PROBLEMS 

Impor tan t  problems i n  t h e  cance r  f i e l d  occur  on many d i f -  
f e r e n t  l e v e l s ,  and i n  many d i f f e r e n t  a r e a s  o f  s tudy .  For ex- 
ample : 

- The p u r s u i t  o f  ep idemio log ica l  r e s e a r c h ,  i n c l u d i n g  geo- 
g r a p h i c a l  pathology;  

- The p reven t ion  of ca rc inogen ic  haza rds  due t o  envi ron-  
menta l ,  behav io ra l  and o c c u p a t i o n a l  f a c t o r s ;  

- The sc reen ing  of  popu la t i ons  t o  d e t e c t  c a s e s  a t  e a r l y  
s t a g e s  o r  precancerous  s t a g e s ;  

- The b i o l o g i c a l  unders tanding  of  tumor growth and h o s t  
response ;  

- Improvement i n  t echn iques  o f  e a r l y  d i a g n o s i s ;  

- The development of chemotherapy, r a d i o t h e r a p y  and su r -  
g i c a l  techniques ;  

- The a p p l i c a t i o n  o f  b e t t e r  combina t ions  of  t h e  fo rego ing  
methods of t r ea tmen t  and p reven t ion ;  

- The sea rch  f o r  more c o s t - e f f e c t i v e  methods and t h e  u se  
of c o s t - b e n e f i t  a n a l y s i s ;  

- The p r o v i s i o n  of  b e t t e r  cance r  h e a l t h  s e r v i c e s ;  

- The e s t ab l i shmen t  of b e t t e r  o v e r a l l  p l ann ing ,  coord ina-  
t i o n  and management f o r  cance r  c o n t r o l ;  

t o  mention o n l y  some of  t h e  major a s p e c t s .  



A s e r i o u s  d i f f i c u l t y  i n  pu r su ing  a  wel l -ba lanced  deve lop-  
ment l ies ,  however, i n  t h e  f o l l o w i n g  c o n f l i c t .  I t  i s  e a s y  t o  
c o n c e n t r a t e  a t t e n t i o n  on s p e c i f i c ,  c o n c r e t e  a c t i v i t i e s  l i k e  
d e a l i n g  w i t h  a n  i n d i v i d u a l  p a t i e n t ,  i n v e s t i g a t i n g  t h e  p r o p e r t i e s  
o f  a  whole series of  p o s s i b l e  a n t i c a n c e r  d r u g s ,  deve lop ing  a  new 
s u r g i c a l  t e c h n i q u e ,  o r  even  s t u d y i n g  p r a c t i c a l  mathemat ica l  mod- 
e l s  o f  a l t e r n a t i v e  s c r e e n i n g  programs.  However, it i s  d i f f i c u l t  
t o  d e a l  w i t h  t h e  broad a s p e c t s  o f  p l a n n i n g  and p o l i c y  a n a l y s i s  
w i t h o u t  i n c u r r i n g  t h e  appearance  of  mere ly  p l a y i n g  w i t h  a b s t r a c -  
t i o n s .  

THE SPECIAL ROLE OF WHO 

Most o f  t h e  problems mentioned above a r e  p r i m a r i l y  t h e  con- 
c e r n  of  i n d i v i d u a l  i n s t i t u t i o n s  around t h e  world a t  t h e  c o u n t r y  
l e v e l ,  e . g .  u n i v e r s i t i e s ,  h o s p i t a l s ,  med i ca l  r e s e a r c h  c e n t e r s ,  
e tc.  But c o n s i d e r a b l e  a s s i s t a n c e  i s  a l r e a d y  g i v e n  by WHO i n  
v a r i o u s  forms .  

Thus t h e  WHO Cancer Un i t ,  headed by D r .  A.M. Ga r in ,  p r o v i d e s  
t e c h n i c a l  gu idance  on t h e  development  o f  c a n c e r  c o n t r o l  programs; 
h e l p s  d e f i n e  c r i t e r i a  f o r  t h e  i d e n t i f i c a t i o n  of  h i g h  r i s k  groups ;  
promotes  and a s s i s t s  e d u c a t i o n  i n  c a n c e r  c o n t r o l ;  encourages  re- 
s e a r c h  i n t o  new methods of  d i a g n o s i s  and t r e a t m e n t ;  h e l p s  i n  t h e  
development  o f  v a r i o u s  t y p e s  of  c a n c e r  r e g i s t r i e s ;  and h a s  deve l -  
oped i n t e r n a t i o n a l  s t a n d a r d s  f o r  h i s t o l o g i c a l  c l a s s i f i c a t i o n .  

Work h a s  a l s o  been c a r r i e d  o u t  i n  o t h e r  HQ u n i t s  d e a l i n g  w i t h  
t h e  i n t e r n a t i o n a l  c l a s s i f i c a t i o n  o f  d i s e a s e  a s  a p p l i e d  t o  c a n c e r ;  
t h e  s t u d y  of  t h e  immunological r e sponse  t o  tumors ;  t h e  i n v e s t i -  
g a t i o n  of c a r c i n o g e n i c  h a z a r d s  i n  food and environment;  and t h e  
development  o f  new t e c h n i q u e s  o f  d i a g n o s i s  and t r e a t m e n t  u s i n g  
n u c l e a r  medic ine  and r a d i a t i o n  t h e r a p y .  

To a s s i s t  i n  t h e  development and s y s t e m a t i z a t i o n  of  a  broad 
approach  t o  t h e  problems of  c ance r  c o n t r o l ,  a  s m a l l  working g roup  
h a s  been  formed w i t h i n  WHO h e a d q u a r t e r s ,  which i s  c u r r e n t l y  a t -  
t emp t ing  t o  e x p l o r e  t h e  p o t e n t i a l i t i e s  o f  sys tems  a n a l y s i s  meth- 
ods ;  t h e  p r e s e n t  pape r  i s  a n  outcome o f  t h e  d i s c u s s i o n s  t h a t  have 
t a k e n  p l a c e .  

Another  component o f  WHO i s  t h e  I n t e r n a t i o n a l  Agency f o r  Re-  
s e a r c h  on Cancer  (IARC) s i t u a t e d  i n  Lyon, F r ance .  T h i s  Agency 
i s  predominant ly  concerned  w i t h  r e s e a r c h  on c a r c i n o g e n i c  f a c t o r s  
i n  t h e  human environment .  I ts  program is  t h e r e f o r e  main ly  d i -  
r e c t e d  t o  e p i d e m i o l o g i c a l  r e s e a r c h  on cance r  i n  man and r e l a t e d  
s t u d i e s  i n  env i ronmen ta l  c a r c i n o g e n e s i s .  

I n  a d d i t i o n ,  t h e  m a j o r i t y  o f  t h e  Regional  O f f i c e s  o f  WHO 
have a l r e a d y  deve loped  i n s t r u m e n t s  f o r  t h e  e s t a b l i s h m e n t  of  re- 
g i o n a l  programs f o r  c a n c e r  p r e v e n t i o n  and c o n t r o l .  

There  i s ,  f i n a l l y ,  an  I n t e r d i s c i p l i n a r y  Team on t h e  WHO 
Cancer Program, under  t h e  Chairmanship of  D r .  A.S. Pav lov ,  



A s s i s t a n t  Di rec tor -Genera l ,  which has  been s e t  up t o  f u r t h e r  
t h e  i n t e g r a t i o n  of  a l l  a c t i v i t i e s .  The Team e x e r c i s e s  a  broad 
c o n t r o l  ove r  t h e  development of t h e  whole cance r  program and 
t h u s  has  an o p p o r t u n i t y  t o  s t r i k e  a  ba l ance  between t h e  mu l t i -  
f a r i o u s  a c t i v i t i e s  i n  p r o g r e s s .  I t  i s  i n  f a c t  t h e  s p e c i f i c  and 
unique r o l e  o f  WHO t o  improve c o o r d i n a t i o n  and o r g a n i z a t i o n  a t  
t h e  g l o b a l  l e v e l .  

NEED FOR A BROAD SITUATIONAL REVIEW 

N a t u r a l l y ,  t h e  I n t e r d i s c i p l i n a r y  Team i n  WHO i s  a l r e a d y  
acqua in t ed  wi th  t h e  g e n e r a l  world s i t u a t i o n .  But it i s  sugges t -  
ed t h a t  t h e r e  has  been, a s  y e t ,  no s u f f i c i e n t l y  e x p l i c i t  and 
s y s t e m a t i c  a n a l y s i s  t o  s e r v e  a s  a  b a s i s  f o r  deve lop ing  f i r m  r e c -  
ommendations on t h e  p l ann ing /po l i cy  l e v e l  t h a t  w i l l  be g e n e r a l l y  
convinc ing  and a c c e p t a b l e .  

There i s  a n  enormous amount of  ontological knowledge and 
d a t a  a t  t h e  l e v e l  of  c o u n t r i e s  and i n d i v i d u a l  i n s t i t u t e s ,  hos- 
p i t a l s ,  r e g i s t r i e s ,  e t c . ,  cove r ing  a l l  a s p e c t s ,  i nc lud ing  h i s -  
t o l o g y ,  immunology, c l i n i c a l  medicine,  epidemiology,  p u b l i c  
h e a l t h ,  e t c .  A v a s t  amount of  t ime,  money, pe r sonne l  and e f f o r t  
i s  expended i n  many c o u n t r i e s  i n  t r y i n g  t o  ach i eve  t h e  o v e r a l l  
o b j e c t i v e s  a l r e a d y  o u t l i n e d ,  bu t  t h e  r e s u l t s  a r e  n o t  y e t  s a t i s -  
f a c t o r y  t o  mankind. 

What i s  r e q u i r e d ,  from t h e  p o i n t  of view of improving over -  
a l l  performance,  i s  no t ,  o f  c o u r s e ,  a  comprehensive sys temiza-  
t i o n  of  a l l  known d a t a  about  cance r - - t h i s  would be a lmost  impos- 
s i b l e  t o  compile ,  and t o o  complex t o  i n t e r p r e t  even i f  it e x i s t -  
ed--but a  j ud i c ious  ske t ch ing  o u t  of t h e  main a r e a s  of world ac-  
t i v i t y ,  t o g e t h e r  w i t h  t h e  more impor tan t  i n t e r a c t i o n s  between 
such a r e a s .  Even t o  do  t h i s  would be  a  he rcu l ean  t a s k  i f  one  
were s t a r t i n g  from s c r a t c h ,  b u t  many a r e a s  have a l r e a d y  been 
c r i t i c a l l y  surveyed and eva lua t ed  by t h o s e  most competent t o  do  
so .  

T h i s  means t h a t  we should f i r s t  embark, n o t  on any new major 
p r o j e c t s  of  r e s e a r c h  o r  v a s t  su rveys  f o r  d a t a  c o l l e c t i o n ,  b u t  
t h a t  we simply review t h e  t o t a l  world p i c t u r e  i n  i t s  broad ou t -  
l i n e s  a s  it is ,  wi th  a l l  t h e  i n e f f i c i e n c i e s ,  d u p l i c a t i o n  of e f -  
f o r t s ,  l a c k  of  v i t a l  d a t a ,  counter -product ive  e f f o r t s ,  e t c .  

A major t a s k  i n  t h i s  c o n t e x t  i s  t o  deve lop  some schemat ic  
r e p r e s e n t a t i o n ,  o r  conceptua l  framework, f o r  a c t i v i t i e s  and t h e i r  
i n t e r a c t i o n s  ove r  t h e  whole f i e l d .  Such a  concep tua l  framework, 
o r  model, would h e l p  t o :  

- C l a r i f y  thought  and d i s c u s s i o n  about  t h e  whole s u b j e c t ;  

- I d e n t i f y  gaps  i n  knowledge and inadequa te  coverage  of  
s p e c i f i c  t o p i c s ;  



- P o i n t  t o  i n e f f i c i e n t  s e r v i c e s ;  

- Develop c o s t / b e n e f i t  a n a l y s e s ;  

- Form a  b a s i s  f o r  a p p r o p r i a t e  i n f o r m a t i o n  sys tems;  

- Improve d e c i s i o n  making i n  o v e r a l l  p l a n n i n g  and manage- 
ment.  

A s p e c i a l  f e a t u r e  o f  t h i s  a n a l y s i s  i s  t h a t  it would somehow 
h a v e  t o  r e l a t e  WHO'S main c o n t a c t s  w i t h  o t h e r  a g e n c i e s  on a  r a t h -  
er a b s t r a c t  p o l i c y  l e v e l  t o  t h e  more t e c h n i c a l  a c t i v i t i e s  t h a t  
i n v o l v e  t h e  c a r r y i n g  o u t  o f  c l i n i c a l  r e s e a r c h  and t h e  t r e a t m e n t  
o f  p a t i e n t s .  

I n  a d d i t i o n ,  it w i l l  a l m o s t  c e r t a i n l y  b e  n e c e s s a r y  t o  con- 
s i d e r  a  m u l t i s e c t o r a l  sys tem,  i n  which t h e  h e a l t h  s e c t o r  com- 
p o n e n t  d e a l s  p r i m a r i l y  w i t h  t h e  r a m i f i c a t i o n s  o f  c a n c e r ,  w h i l e  
o t h e r  s e c t o r s  c o v e r  such  a s p e c t s  a s  economics ,  s o c i a l  s t r u c t u r e ,  
e d u c a t i o n ,  i n d u s t r y ,  u r b a n i z a t i o n ,  energy  o p t i o n s ,  p o l l u t i o n ,  
etc. T h i s  i s  b e c a u s e  what c a n  b e  done  w i t h i n  t h e  c a n c e r  f i e l d  
i s  h i g h l y  dependent  on  c o n s t r a i n t s  imposed by i n t e r a c t i o n s  w i t h  
o t h e r  f i e l d s .  U l t i m a t e l y ,  p l a n n i n g  may b e  a s s i s t e d  by t h e  u s e  
o f  dynamic, m u l t i s e c t o r a l  models  t h a t  p e r m i t  o n e  t o  p r e d i c t ,  t o  
some e x t e n t ,  t h e  consequences  o f  c h o o s i n g  p a r t i c u l a r  d e c i s i o n  
s t r a t e g i e s .  

T h i s  o f  c o u r s e  i s  r a t h e r  l o o k i n g  ahead  t o  s u b s e q u e n t  s t a g e s  
o f  a  comprehens ive ,  s y s t e m a t i c  approach .  But t h e  s u c c e s s  o f  f u -  
t u r e  deve lopments  w i l l  b e  p a r t l y  d e p e n d e n t  on  t h e  way i n  which 
t h e  i n i t i a l  s i t u a t i o n a l  a n a l y s i s  i s  c a r r i e d  o u t ,  and on  t h e  
s t r u c t u r e  a d o p t e d  f o r  t h e  c o n c e p t u a l  framework. 

OUTLINES OF A CONCEPTUAL FRAMEWORK 

It may b e  u s e f u l  t o  d i s t i n g u i s h  between: 

- The t e c h n i c a l  s u b j e c t  m a t t e r  i t s e l f ,  i .e. t h e  b i o l o g i c a l ,  
m e d i c a l  and  h e a l t h  c a r e  a s p e c t s  o f  c a n c e r ;  and  

- The broad  a d m i n i s t r a t i v e  and  o r g a n i z a t i o n a l  s u p e r s t r u c -  
t u r e ,  e s p e c i a l l y  WHO'S r o l e ,  r e q u i r e d  f o r  g e n e r a l  p l a n -  
n i n g  and management. 

T e c h n i c a l  S u b j e c t  M a t t e r  

Recogniz ing  t h a t  t h e r e  a r e  more t h a n  100  c l i n i c a l l y  d i s t i n c t  
t y p e s  o f  c a n c e r ,  each  h a v i n g  a  u n i q u e  set o f  symptoms and re- 
q u i r i n g  a n  i n d i v i d u a l  c o u r s e  o f  t h e r a p y ,  we a r e  more o r  less 
f o r c e d  t o  s t a r t  w i t h  a  fundamenta l  c l a s s i f i c a t i o n  by s i te .  F o r  
e a c h  s i t e  o r  g r o u p  o f  s i tes ,  s u b c l a s s i f i c a t i o n  i s  r e q u i r e d .  From 
t h e  m u l t i t u d e  of  s p e c i a l i z e d  a s p e c t s ,  it i s  d i f f i c u l t  t o  see 



what  b a s i s  c a n  be u s e d  f o r  a g g r e g a t i n g  t h e  subgroups  formed by 
t a k i n g  e a c h  a s p e c t  s e p a r a t e l y .  One way, t h a t  r e l a t e s  t o  t h e  
fundamenta l  d i s t i n c t i o n  between t h e o r y  and p r a c t i c e ,  would be 
t o  d i s t i n g u i s h  between knowledge and a c t i o n .  Thus "knowledge" 
i n c l u d e s  a l l  t h e  s p e c i a l i z e d  b i o l o g i c a l ,  c l i n i c a l ,  e p i d e m i o l o g i -  
c a l ,  s t a t i s t i c a l ,  e tc . ,  u n d e r s t a n d i n g  t h a t  e x i s t s ;  w h i l e  " a c t i o n "  
i s  concerned  w i t h  d i a g n o s i s ,  s c r e e n i n g ,  t r e a t m e n t ,  c u r e ,  r eha-  
b i l i t a t i o n ,  e t c . ,  i n v o l v i n g  s p e c i f i c  m e d i c a l  o r  h e a l t h  c a r e  i n -  
t e r v e n t i o n s .  

The s u c c e s s  o r  f a i l u r e  o f  t h e  l a t t e r  must b e  judged by a n  
a p p r o p r i a t e  m o n i t o r i n g  o r  e v a l u a t i o n  a c t i v i t y ,  which c o u l d  be 
subsumed under  "knowledge", o r  s p e c i f i e d  a s  a s e p a r a t e  s e l f -  
c r i t i c a l ,  q u a l i t y  c o n t r o l  on t h e  p a r t  of  a c t i o n .  

To summarize,  t h i s  s u g g e s t s  t h e  b road  c l a s s e s :  

( i)  S i t e  ( a p p r o p r i a t e l y  g r o u p e d ) ;  

(ii ) Knowledge ( b i o l o g y ,  c l i n i c a l  m e d i c i n e ,  ep idemio logy ,  
s t a t i s t i c s ,  e tc.  ) ; 

(iii) A c t i o n  ( d i a g n o s i s ,  s c r e e n i n g ,  t r e a t m e n t ,  c u r e ,  r e h a -  
b i l i t a t i o n ,  p r e v e n t i o n ,  e t c . ) ;  

( i v )  E v a l u a t i o n  of  a c t i v i t i e s  i n  (iii) . 
Such a c l a s s i f i c a t i o n  c a n  i n  p r i n c i p l e  be made on  a s t a t i c  

b a s i s ,  r e l a t i n g  t o  a f i x e d  p e r i o d  o f  t i m e ,  e .g .  o n e  y e a r .  But 
a more u s e f u l  dynamic p i c t u r e  w i l l  emerge i f  we c o n s i d e r  a t i m e  
f l o w  a s  i n d i c a t e d  i n  F i g u r e  1 .  

But  o f  c o u r s e  t h i s  i s  o n l y  a b e g i n n i n g .  Some way must be  
found o f  r e l a t i n g  t h e  m o n i t o r i n g  o f  m o r t a l i t y  and m o r b i d i t y  f o r  
g i v e n  s i tes  t o  i n t e r v e n t i o n s  t h a t  migh t  b e  made, o r  have  been 
made. I n  s h o r t ,  we need q u a n t i t a t i v e  a s s e s s m e n t s  o f  ( a )  t h e  
a c t i o n s  t h a t  have  a l r e a d y  been  t a k e n  t o  t e s t  t h e i r  e f f e c t i v e n e s s ,  
and ( b )  new a c t i o n s  t h a t  c o u l d  b e  p u t  i n t o  e f f e c t  i n  t h e  f u t u r e .  
And, a s  a l r e a d y  ment ioned ,  p r o p e r  a c c o u n t  must b e  t a k e n  o f  t h e  
c o n s t r a i n t s  w i t h i n  which o n e  must i n e v i t a b l y  work, a s  w e l l  a s  
o f  t h e  c o s t - e f f e c t i v e n e s s  a s p e c t s  o f  t h e  s i t u a t i o n .  

I n  a d d i t i o n ,  compar i sons  between t h e  s i t e s  w i l l  draw a t t e n -  
t i o n  t o  d e f i c i e n c i e s  i n  b o t h  knowledge and  a c t i o n ,  and s u g g e s t  
where  more e f f o r t  i s  r e q u i r e d  o r  where t h e  e x i s t i n g  c o n c e n t r a -  
t i o n  o f  e f f o r t  i s  p e r h a p s  e x c e s s i v e ,  hav ing  r e g a r d  t o  t h e  n e e d s  
o f  a n o t h e r  a r e a .  

To b e g i n  w i t h ,  any s e r i o u s  a t t e m p t  t o  c o n s t r u c t  a wide-rang-  
i n g  c o n c e p t u a l  framework i s  bound t o  be t e n t a t i v e  and experimen- 
t a l ,  b u t  improvements would come w i t h  a c t u a l  u s e  and c r i t i c a l  
t e s t i n g .  
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To beg in  w i th ,  any s e r i o u s  a t t empt  t o  c o n s t r u c t  a  wide- 
r ang ing  concep tua l  framework is  bound t o  be  t e n t a t i v e  and ex- 
pe r imen ta l ,  b u t  improvements would come wi th  a c t u a l  u s e  and 
c r i t i c a l  t e s t i n g .  

Organ iza t iona l  S u p e r s t r u c t u r e  

A s  w e l l  a s  a  concep tua l  frame of  r e f e r e n c e  f o r  t h e  more 
c o n c r e t e ,  t e c h n i c a l  a c t i v i t i e s  i n  t h e  cance r  f i e l d ,  we a l s o  
need a  p i c t u r e  of  t h e  e x i s t i n g  a d m i n i s t r a t i v e  and o r g a n i z a t i o n a l  
s t r u c t u r e .  Unless  t h e r e  i s  a  well-ordered d e s c r i p t i o n  of t h e  
main f e a t u r e s  o f  t h e  mechanisms through which d e c i s i o n s  a r e  made 
and implemented, t h e r e  w i l l  b e  manager ia l  chaos  w i t h  a  low e f -  
f i c i e n c y  i n  t h e  u s e  of  knowledge and r e s o u r c e s .  

I n  a d d i t i o n  t o  t h e  v a r i o u s  a c t i v i t i e s  o f  WHO a s  a  whole, 
t h e r e  a r e  o t h e r  i n t e r n a t i o n a l  o r g a n i z a t i o n s ,  such a s  t h e  Union 
I n t e r n a t i o n a l e  c o n t r e  l e  Cancer ( U I C C ) ,  and t h e  European Organi- 
z a t i o n  f o r  Research on Treatment  of Cancer. Cancer i s  a l s o  o f  
concern  t o  i n s t i t u t i o n s  l i k e  t h e  I n t e r n a t i o n a l  Atomic Energy 
Agency (IAEA); and we must n o t  f o r g e t  t h e  c u r r e n t  p o t e n t i a l i t i e s  
o f  developments by IIASA i t s e l f  i n  t h e  a p p l i c a t i o n  of  systems 
a n a l y s i s  and p o l i c y  a n a l y s i s  t o  t h e  whole cance r  f i e l d .  I n  
a d d i t i o n ,  t h e r e  e x i s t  a  l a r g e  number of  cance r  i n s t i t u t i o n s  a t  
coun t ry  l e v e l .  

Although t h e r e  i s  much fragmented and anecdo ta l  knowledge 
about  t h e  a c t i v i t i e s  o f  a l l  t h e s e  a g e n c i e s  and i n s t i t u t i o n s ,  a  
s y s t e m a t i c  and comprehensive i n fo rma t ion  system i s  u r g e n t l y  r e -  
q u i r e d  i f  WHO i s  t o  be  a b l e  t o  e x e r t  t h e  a d m i n i s t r a t i v e  and po- 
l i t i c a l  l e v e r a g e  e s s e n t i a l  t o  major e f f e c t i v e  a c t i o n .  

DYNAMIC MODELING 

While we a r e  d i s c u s s i n g  t h e  p o t e n t i a l i t i e s  o f  a  sys tems 
approach t o  t h e  whole cance r  f i e l d ,  it is  perhaps  worth g i v i n g  
c o n s i d e r a t i o n  t o  t h e  p o s s i b i l i t i e s  o f  some form of  dynamic mod- 
e l i n g .  A s y s t e m a t i c  a n a l y s i s  of t h e  whole f i e l d  w i l l  c e r t a i n l y  
c l a r i f y  t h i n k i n g ,  b u t  i f  a  s e r i o u s  a t t empt  i s  t o  be made t o  
d e f i n e  a l t e r n a t i v e  s t r a t e g i e s  f o r  f u t u r e  a c t i o n ,  we need i n  
a d d i t i o n  a  method of  f o r e c a s t i n g  i n  broad te rms  t h e  l i k e l y  con- 
sequences  o f  any p a r t i c u l a r  c h o i c e .  I t  may be r a t h e r  t o o  e a r l y  
t o  c o n c e n t r a t e  much a t t e n t i o n  on t h i s  a s p e c t ,  b u t  t h e  e x i s t e n c e  
of  an  a p p r o p r i a t e  s u b o b j e c t i v e  would tend  t o  focus  t h i n k i n g  i n  
a  u s e f u l  d i r e c t i o n .  

It  goes  w i thou t  s ay ing  t h a t  more mathematical  work a t  t h e  
p h y s i o l o g i c a l  and c e l l u l a r  l e v e l s  could  be h i g h l y  b e n e f i c i a l ,  
b u t  our  purpose h e r e  i s  wi th  t h e  broader  p i c t u r e  of  popu la t i on  
phenomena and h e a l t h  c a r e .  A good d e a l  i s  a l r e a d y  known abou t  
m o r t a l i t y  and morb id i ty  r a t e s  f o r  g iven  s i t e s  i n  d i f f e r e n t  age  
and sex  groups ,  depending on occupa t iona l  a c t i v i t i e s ,  geograph- 
i c a l  l o c a t i o n ,  known r i s k s  form r a d i a t i o n  p o l l u t i o n ,  e t c .  Thus, 



g iven  t h e  e x i s t i n g  demographic p roces se s  and p r e s e n t  t r e n d s  i n  
i n d u s t r i a l i z a t i o n ,  u r b a n i z a t i o n ,  a l t e r n a t i v e  development of  
v a r i o u s  energy o p t i o n s ,  e t c . ,  t h e r e  i s  a t  l e a s t  a  q u a n t i t a t i v e  
b a s i s  f o r  making p r o j e c t i o n s  of  expec ted  v a r i a t i o n s  i n  t h e  i n c i -  
dence  o f  v a r i o u s  t y p e s  of  cance r .  W e  cou ld  beg in  t o  a s s e s s  a n  
o r d e r  o f  magnitude i n  e v a l u a t i n g  t h e  d e s i r a b i l i t y  of  some par-  
t i c u l a r l y  expens ive  program t h a t  h a s  been proposed.  

The c a u t i o u s  development, w i t h  c a r e f u l  t e s t i n g ,  o f  p o s s i b l e  
models t o  r e p r e s e n t  popu la t i on  phenomena could  be a  u s e f u l  ad- 
j u n c t  t o  a  more q u a l i t a t i v e  t y p e  of p o l i c y  a n a l y s i s .  Thus a  
c a r e f u l  i n v e s t i g a t i o n  of  s c r een ing  processes- - for  example, t h e  
c u r r e n t  c o l l a b o r a t i v e  work on c e r v i c a l  s c r een ing  between t h e  
Cancer Un i t ,  WHO, and t h e  Biomedical P r o j e c t ,  IIASA--could by 
g e n e r a l i z a t i o n  provide  v a l u a b l e  i n fo rma t ion  a s  t o  t h e  d e s i r a b i l -  
i t y  of such  approaches  ove r  a  wide s e c t i o n  of  t h e  c a n c e r  f i e l d .  

Proper  i n t e r f a c i n g  between systems i n v e s t i g a t i o n s  a t  t h e  
t e c h n i c a l  l e v e l  and more q u a l i t a t i v e  s t u d i e s  a t  a  p o l i c y  l e v e l  
i s  a lmost  c e r t a i n l y  e s s e n t i a l  t o  t h e  succes s  of  bo th  e n t e r -  
p r i s e s .  Otherwise,  t h e r e  i s  danger  of a  s e r i o u s  c o n f l i c t  be- 
tween a b s t r a c t ,  high-echelon maneuvers and down-to-earth con- 
c r e t e  a c t i v i t i e s  d e a l i n g  w i t h  t h e  s p e c i f i c  d i s e a s e s  o f  r e a l  
p a t i e n t s .  

I n  t h e  same way, a n  adequate  i n t e r f a c e  i s  needed between 
popu la t i on  models and models of  tumor growth i n  i n d i v i d u a l s .  
T h i s  i s  t o  e n s u r e  t h a t  d e c i s i o n s  on d i a g n o s i s  and t r ea tmen t  
made f o r  a  l a r g e  s e r i e s  of i n d i v i d u a l s  cor respond a c c u r a t e l y  
t o  t h e  unde r ly ing  p h y s i o l o g i c a l  f a c t s .  

ACTION REQUIRED 

It would be premature t o  t r y  t o  f o r e s e e  i n  any d e t a i l  what 
would f o l l o w  from t h e  f i r s t  s t e p  i nvo lv ing  a  sys t ema t i c  s i t u a -  
t i o n a l  a n a l y s i s .  Obvious shortcomings i n  t h e  world c o n t r o l  of  
cance r  would c l e a r l y  be s u b j e c t s  f o r  f u r t h e r  s u b s t a n t i v e  inves-  
t i g a t i o n .  But a n  a p p r o p r i a t e  program would f i r s t  have t o  be  
hammered o u t  a t  t h e  p o l i c y  l e v e l ,  u s ing  t h e  m a t e r i a l  provided 
by t h e  s i t u a t i o n a l  a n a l y s i s  i n  t h e  l i g h t  of g e n e r a l l y  agreed  
p r i o r i t i e s  and o b j e c t i v e s .  I n  o t h e r  words, a  wel l -organized  
p r o c e s s  of  p lanning ,  c o o r d i n a t i o n  and management would have t o  
b e  i n s t i t u t e d .  

T h i s  r e q u i r e s  a  c e r t a i n  minimum p a r t i c i p a t i o n  of  app rop r i -  
a t e l y  q u a l i f i e d  s t a f f .  The sma l l  working group,  s e t  up a s  a  
sho r t - t e rm e f f o r t  by t h e  I n t e r d i s c i p l i n a r y  Team of  WHO, ha s  
a l r e a d y  been mentioned. It has  f o u r  members i n  a l l - - a  cance r  
s p e c i a l i s t ,  a  s t a t i s t i c i a n  and two e x p e r t s  i n  systems a n a l y s i s  
and in fo rma t ion  systems.  There i s  a  ba l ance  between medica l  
o f f i c e r s  and nonmedical s c i e n t i s t s  (two of e a c h ) ,  and bo th  
t e c h n i c a l  and p o l i c y  l e v e l s  o f  t h e  Organ iza t ion  a r e  r e p r e s e n t e d .  



As soon as an agreed basis for further work is reached in 
this Headquarters group, it is hoped to extend its representa- 
tion to include members of IIASA. Such a group would be broadly 
based and would have access to a wide range of expertise such 
as cancer epidemiology and health care, statistics, systems 
analysis, information systems, computing, etc. 

The real problem in developing the approach is that all 
the people involved, or proposed, are likely to have several 
existing major commitments. While it may be undesirable for 
members of the group to have no other involvements, a priority 
commitment to the group on the part of several appropriately 
qualified people is absolutely essential if any substantial pro- 
gress is to be made. 

We would welcome discussion and criticism of these propos- 
als, especially in regard to the composition of an effective 
working team which would have not only the responsibility of 
undertaking the tasks indicated, but also sufficient time and 
resources to do the job properly. 



The Volume and Value of  I n f o r m a t i o n  on Cancer  

A.M. G a r i n  

It i s  a  well-known f a c t  t h a t  v a s t  q u a n t i t i e s  o f  money and 
manpower a r e  b e i n g  swallowed up by work on t h e  c a n c e r  problem 
i n  many c o u n t r i e s .  Research  i s  b e i n g  v i g o r o u s l y  pursued  on a l l  
c o n t i n e n t s  and t h e  s c a l e  o f  completed s t u d i e s  and i n v e s t i g a t i o n s  
i s  i n d i c a t e d  by t h e  number o f  a r t i c l e s  and a b s t r a c t s  p u b l i s h e d  
y e a r l y .  The b i b l i o g r a p h i c a l  b u l l e t i n  i s s u e d  a n n u a l l y  by t h e  
I n s t i t u t  Gus tave  Roussy l i s ts  20,000 a r t i c l e s  p u b l i s h e d  i n  1000 
s c i e n t i f i c  j o u r n a l s .  E x c e r p t a  Medica Cancer  d e a l s  w i t h  12,000 
a r t i c l e s ,  C a r c i n o g e n e s i s  A b s t r a c t s  w i t h  7200 p a p e r s  and Cancer  
Chemotherapy A b s t r a c t s  w i t h  10 ,000 ,  e t c .  

How c a n  t h i s  f l o o d  o f  i n f o r m a t i o n  be d i g e s t e d ,  and how i s  
it p o s s i b l e  t o  a s s e s s  o r  compare t h e  r e s u l t s  of  r e s e a r c h  c a r r i e d  
o u t  on  d i f f e r e n t  models ,  by d i f f e r e n t  methods,  w i t h  d i f f e r e n t  ap- 
p r o a c h e s  t o  t h e  s e l e c t i o n  o f  p a t i e n t s  o r  t h e  e v a l u a t i o n  o f  r e s u l t s  
and w i t h  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  h i s t o l o g i c a l  o r  c y t o l o g i c a l  
p r e p a r a t i o n s ,  e t c . ?  How can  t h e  r e s e a r c h  worker  compare t h e  re- 
s u l t s  o f  h i s  own e x p e r i m e n t s  on s e l e c t i n g  a n  a n t i c a n c e r  s u b s t a n c e  
by means o f  a  g i v e n  model w i t h  t h e  r e s u l t s  o f  o t h e r  r e s e a r c h  test-  
i n g  t h e  same o r  o t h e r  c h e m i c a l s  on a n o t h e r  model? 

The World H e a l t h  O r g a n i z a t i o n  i s  d e v o t i n g  a  g r e a t  d e a l  o f  
a t t e n t i o n  t o  t h e  s t a n d a r d i z a t i o n  o f  methods,  s t a n d a r d s ,  c l a s s i -  
f i c a t i o n s  and ways o f  e v a l u a t i n g  immediate  and long- te rm r e s u l t s  
o f  t r e a t m e n t .  

The WHO program f o r  s t a n d a r d i z a t i o n  o f  h i s t o l o g i c a l  c l a s s i -  
f i c a t i o n  i s  a n  a l l - e m b r a c i n g  one .  H i s t o l o g i c a l  c l a s s i f i c a t i o n s  
and c y t o l o g i c a l  d e s c r i p t i o n s  have  been ,  o r  a r e  b e i n g ,  d e v e l o p e d ,  
on  a  c o l l e c t i v e  b a s i s ,  f o r  e v e r y  form o f  human tumor. I t  i s ,  
o f  c o u r s e ,  o f  t h e  u tmos t  impor tance  t o  e n s u r e  t h e  wide a p p l i c a -  
t i o n  o f  t h e s e  c l a s s i f i c a t i o n s  i n  a l l  c o u n t r i e s  and r e g i o n s  
t h r o u g h o u t  t h e  w o r l d .  

M u l t i p l i c i t y  o f  c l i n i c a l  c l a s s i f i c a t i o n s  makes it d i f f i c u l t  
t o  compare t h e  r e s u l t s  o f  d i a g n o s i s ,  t h e  e f f e c t i v e n e s s  o f  methods 
o f  t r e a t m e n t ,  e tc.  

Each c o u n t r y  c a r r y i n g  o u t  r e s e a r c h  on tumor chemotherapy 
h a s  i t s  own methods f o r  t h e  p r i m a r y  s c r e e n i n g  o f  a c t i v e  p r e p a r a -  
t i o n s ;  q u i t e  o f t e n  d i f f e r e n t  methods a r e  used i n  d i f f e r e n t  i n s t i -  
t u t e s  i n  t h e  same c o u n t r y .  

A  m e e t i n g  o f  e x p e r t s  convened by WHO c o n s i d e r e d  t h a t  it 
would n o t  b e  a d v i s a b l e  t o  s t a n d a r d i z e  t h e  e n t i r e  s c r e e n i n g  process ,  



s i n c e  t h a t  migh t  l e a d  t o  a  nar rowing  o f  t h e  f i e l d  of s e a r c h  f o r  
a n t i c a n c e r  p r e p a r a t i o n s .  However, t h e  mee t ing  t o o k  two i m p o r t a n t  
d e c i s i o n s  which w i l l  make it p o s s i b l e  t o  compare d a t a  and e a s i e r  
t o  a s s e s s  t h e  r e l i a b i l i t y  o f  s c r e e n i n g  s y s t e m s .  It was d e c i d e d  
n o t  t o  change t h e  models  c u r r e n t l y  used f o r  s c r e e n i n g  c h e m i c a l s  
i n  e a c h  i n s t i t u t e  o r  c o u n t r y ,  b u t  t o  s t i p u l a t e  t h a t  a n  a d d i t i o n a l  
i n v e s t i g a t i o n  should  be c a r r i e d  o u t  on one  common model,  namely 
L1210 mouse leukemia.  Another  v e r y  i m p o r t a n t  d e c i s i o n ,  making it 
p o s s i b l e  t o  t es t  t h e  s c r e e n i n g  sys tem used  i n  any g i v e n  c o u n t r y ,  
was t o  p u b l i s h  a  r e p o r t  on t h e  e f f i c a c y  o f  20 a n t i c a n c e r  p r e p a r a -  
t i o n s  a l r e a d y  i n  c l i n i c a l  u s e  when t e s t e d  on t h e  models  employed 
i n  d i f f e r e n t  c o u n t r i e s .  

H o s p i t a l  r e g i s t r i e s  form t h e  b a s i s  f o r  s c i e n t i f i c  a n a l y s i s  
i n  c l i n i c a l  onco logy .  They p r o v i d e  t h e  o n l y  means of a s s e s s i n g  
s u c h  p o i n t s  a s  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  methods o f  t r e a t m e n t ,  
long- te rm r e s u l t s ,  bed occupancy,  c o m p l i c a t i o n s ,  and d i f f e r e n c e s  
i n  t h e  r e s u l t s  o f  t r e a t m e n t  o f  t h e  same c o n d i t i o n  o v e r  a  p e r i o d  
o f  t i m e .  But t h e  hundreds  o f  h o s p i t a l  c a n c e r  r e g i s t r i e s  i n  t h e  
USA, f o r  example,  have d i f f e r e n t  c a p a c i t i e s ,  a t t a c h  d i f f e r e n t  
d e g r e e s  o f  impor tance  t o  r e c o r d i n g  many i m p o r t a n t  a s p e c t s  o f  t h e  
n a t u r a l  c o u r s e  o f  t h e  d i s e a s e  and have  d i f f e r e n t  sys tems  f o r  
m o n i t o r i n g  t r e a t m e n t .  WHO h a s  a n a l y z e d  t h e  r e g i s t e r s  k e p t  a t  26 
l e a d i n g  i n s t i t u t e s  i n  v a r i o u s  c o u n t r i e s  and h a s  found t h a t  t h e y  
a l l  d i f f e r  i n  t h e i r  u s e  o f  p a t h o l o g i c a l  n o m e n c l a t u r e  i n  c a n c e r ,  
have  d i f f e r e n t  methods o f  s t a g i n g  d i f f e r e n t  tumors  and have d i f -  
f e r e n t  ways o f  a s s e s s i n g  long-term and immediate  e f f e c t s .  Only 
s e v e n  o f  t h e  26 r e g i s t r i e s  t o o k  a c c o u n t  o f  t h e  p a t i e n t ' s  occupa- 
t i o n ,  t h r e e  r e c o r d e d  t h e  d u r a t i o n  o f  h o s p i t a l i z a t i o n ,  and e i g h t  
n o t e d  t h e  c a u s e  o f  d e a t h .  A s t a n d a r d i z e d  h o s p i t a l  r e g i s t e r  h a s  
been  deve loped  by WHO. I t s  c h i e f  m e r i t  i s  t h a t  it i s  a p p l i c a b l e  
t o  a l l  c o u n t r i e s ,  whe ther  deve loped  o r  d e v e l o p i n g .  The r e g i s t e r  
h e l p s  t o  b r e a k  down l a n g u a g e  b a r r i e r s  and o f f e r s  a n  i n t e r n a t i o n -  
a l  b a s i s  f o r  comparison of  many problems i n  c l i n i c a l  onco logy .  
Such s t a n d a r d i z e d  r e g i s t e r s  a l s o  g i v e  t h e  heads  o f  n a t i o n a l  
h e a l t h  c a r e  s e r v i c e s  v a l u a b l e  i n f o r m a t i o n ,  which h e l p s  them i n  
p l a n n i n g  e x p e n d i t u r e ,  r e s o u r c e s  and manpower. T h e r e  i s ,  a s  I 
s a i d  e a r l i e r ,  a  v a s t  amount o f  i n f o r m a t i o n  a v a i l a b l e  on c a n c e r ;  
y e t ,  a t  t h e  same t i m e ,  it i s  p i t i f u l l y  meager.  

No s i t u a t i o n a l  a n a l y s i s  h a s  y e t  been c a r r i e d  o u t  on t h e  
r a n g e  o f  c a n c e r  r e s e a r c h  o r  on t h e  o p e r a t i o n  o r  equipment  o f  
c a n c e r  c o n t r o l  s e r v i c e s  i n  a l l  c o u n t r i e s .  T h i s  i s  a  t a s k  WHO 
i n t e n d s  t o  accompl i sh  i n  t h e  n e a r  f u t u r e .  The d i r e c t o r y  o f  on- 
c o l o g i c a l  e s t a b l i s h m e n t s  p r e p a r e d  by t h e  I n t e r n a t i o n a l  Union 
a g a i n s t  Cancer  is  s h o r t  and i n a c c u r a t e  and d o e s  n o t  make it pos-  
s i b l e  t o  a s s e s s  t h e  r e s e a r c h  p o t e n t i a l  o f  v a r i o u s  c o u n t r i e s .  

With r e g a r d  t o  d a t a  on c a n c e r ,  t h e  WHO S t a t i s t i c s  U n i t  h a s  
m o r t a l i t y  f i g u r e s  a v a i l a b l e  o n l y  from t e r r i t o r i e s  r e p r e s e n t i n g  
27 p e r c e n t  o f  t h e  t o t a l  wor ld  p o p u l a t i o n .  M o r t a l i t y  i n d i c e s  f o r  
c a n c e r  i n  A f r i c a  and S o u t h e r n  As ia  can  be s u p p l i e d  o n l y  from 
t e r r i t o r i e s  r e p r e s e n t i n g  no more t h a n  seven  t o  t e n  p e r c e n t  o f  t h e  
t o t a l  p o p u l a t i o n  f o r  t h e  zone.  WHO h a s  no c a n c e r  m o r t a l i t y  d a t a  
f rom 132 c o u n t r i e s .  Documentation on c a n c e r  m o r b i d i t y  i n  v a r i -  
o u s  g e o g r a p h i c a l  r e g i o n s  i s  o f t e n  i n a c c u r a t e .  The g a p s  i n  o u r  



knowledge a b o u t  t h e  f r e q u e n c y  o f  any g i v e n  form o f  c a n c e r  i n  
v a r i o u s  c o u n t r i e s  a r e  r e s p o n s i b l e  f o r  s u c h  m i s t a k e n  a s s e r t i o n s  
a s  t h a t  c a n c e r  is  n o t  a  problem o f  c u r r e n t  c o n c e r n  i n  d e v e l o p -  
i n g  c o u n t r i e s .  The main p o i n t  t h a t  I w i s h  t o  make i s  t h a t  it 
i s  n o t  enough t o  g a t h e r  i n f o r m a t i o n .  The c r u x  o f  t h e  m a t t e r  i s  
t o  make s u r e  t h a t  s c i e n t i f i c  and s t a t i s t i c a l  d a t a  comply w i t h  
i n t e r n a t i o n a l  s t a n d a r d s .  T h i s  may b e  a c h i e v e d  by c o l l e c t i v e  
agreement  on t h e  p r o c e d u r e s ,  methods and t e c h n i q u e s  f o r  g a t h e r -  
i n g  such  d a t a .  S t a n d a r d i z a t i o n  i n  onco logy  w i l l  c o n s o l i d a t e  
e x i s t i n g  ach ievements ,  r a i s e  t h e  l e v e l  o f  i n d i v i d u a l  n a t i o n a l  
e f f o r t s ,  c r e a t e  a  q u a n t i t a t i v e  and q u a l i t a t i v e  b a s i s  f o r  t h e  
development  o f  new g e n e r a l  t h e o r i e s  and h y p o t h e s e s  and a c c e l e r -  
a t e  p r o g r e s s  i n  onco logy .  





The SABIR-C Cancer  L i t e r a t u r e  I n f o r m a t i o n  System 

G .  Wagner 

A s  i n  many f i e l d s  o f  s c i e n c e  ( p a r t i c u l a r l y  t h e  n a t u r a l  sci- 
e n c e s ) ,  p u b l i c a t i o n s  i n  t h e  f i e l d  o f  onco logy  have been  s t e a d i l y  
i n c r e a s i n g  i n  s c o p e  and number. Whereas i n  1880 t h e  t o t a l  num- 
b e r  o f  m e d i c a l  t r e a t i s e s  p u b l i s h e d  a l l  o v e r  t h e  world was a b o u t  
20,000,  t o d a y  a l m o s t  a s  many p a p e r s  a r e  p u b l i s h e d  a n n u a l l y  on  
t h e  s u b j e c t  o f  c a n c e r  a l o n e .  An o n c o l o g i s t  w i t h  a n  a v e r a g e  
r e a d i n g  speed  o f  15 m i n u t e s  p e r  a r t i c l e ,  who d e v o t e d  t h r e e  h o u r s  
a  d a y  t o  r e a d i n g ,  c o u l d  keep up w i t h  l i t t l e  more t h a n  20 p e r c e n t  
o f  c a n c e r  l i t e r a t u r e  a s  it  is f i r s t  p u b l i s h e d - - q u i t e  a p a r t  f rom 
a l l  t h e  d i f f i c u l t i e s  o f  p rocurement ,  l a n g u a g e ,  c o s t s ,  e t c .  

So f a r ,  t h e r e  i s  n o t h i n g  t o  i n d i c a t e  t h a t  t h i s  t r e n d  o f  
s t e a d i l y  i n c r e a s i n g  s c i e n t i f i c  o u t p u t  w i l l  c e a s e ;  t h i s ,  however,  
means t h a t  i t  w i l l  become i n c r e a s i n g l y  more d i f f i c u l t ,  i f  n o t  
i m p o s s i b l e ,  f o r  t h e  i n d i v i d u a l  s c i e n t i s t  t o  keep  u p  t o  d a t e  w i t h  
r e g a r d  t o  t h e  p r o g r e s s  made and t h e  l a t e s t  r e s u l t s  o f  r e s e a r c h  
i n  h i s  p a r t i c u l a r  s p e c i a l t y .  The o n l y  p o s s i b i l i t y  o f f e r e d  t o -  
d a y  o f  c o p i n g  economica l ly  w i t h  t h e  " f l o o d  o f  l i t e r a t u r e "  i s  by 
e l e c t r o n i c  " i n f o r m a t i o n  r e t r i e v a l 1 ' - - s t o r i n g  p e r t i n e n t  l i t e r a t u r e  
i n  t h e  computer  and making it a c c e s s i b l e  a g a i n .  F o r  y e a r s ,  
s c i e n t i s t s  i n  v a r i o u s  f i e l d s  have been  engaged f u l l - t i m e  i n  
making a c c e s s i b l e  ( i n d e x i n g  o r  a b s t r a c t i n g )  and d i s s e m i n a t i n g  
s c i e n t i f i c  i n f o r m a t i o n ,  b e  it by e d i t i n g  s u r v e y  a r t i c l e s  o r  
l i s t s  o f  t i t l e s  o f  new p a p e r s  ( C u r r e n t  Awareness S e r v i c e s ) ,  by 
p r o v i d i n g  D i s s e m i n a t i o n  o f  I n f o r m a t i o n  s e l e c t e d  a c c o r d i n g  t o  t h e  
s c i e n t i f i c  i n t e r e s t  p r o f i l e  o f  t h e  "cus tomer"  o r  by s u p p l y i n g  
S p e c i a l  Demand B i b l i o g r a p h i e s .  

The f i r s t  major  p r o j e c t  o f  a n  e l e c t r o n i c  i n f o r m a t i o n  sys -  
t e m  i n  t h e  f i e l d  o f  medicine--MEDLARS o f  t h e  N a t i o n a l  L i b r a r y  
o f  Medic ine  i n  Washington--has s i n c e  1964  c o v e r e d  more t h a n  
200,000 p u b l i c a t i o n s  e a c h  y e a r  f rom a l l  f i e l d s  o f  m e d i c i n e ;  i n  
t h e  comprehens ive  p r o j e c t  o f  E x c e r p t a  Medica Founda t ion  i n  
Amsterdam r o u g h l y  300,000 t i t l e s  and s h o r t  r e v i e w s  a r e  s t o r e d  
a n n u a l l y .  I n  a d d i t i o n  t o  s u c h  b i g  s y s t e m s  which c o v e r  t h e  en- 
t i r e  r a n g e  o f  m e d i c a l  l i t e r a t u r e ,  it is  r e a s o n a b l e  t o  have  i n -  
f o r m a t i o n  s y s t e m s  which,  w h i l e  c o v e r i n g  o n l y  t h e  l i t e r a t u r e  o f  
a  c e r t a i n  s e c t o r ,  d o  s o  i n  a  more d e t a i l e d  manner t h a n  t h e  com- 
p r e h e n s i v e  s y s t e m s  ment ioned above. Such a  sys tem i s  t h e  
SABIR-C c a n c e r  l i t e r a t u r e  sys tem deve loped  by t h e  French  Cancer 
R e s e a r c h  C e n t e r  i n  V i l l e j u i f  i n  c o o p e r a t i o n  w i t h  t h e  German 
Cancer  Research  C e n t e r  i n  H e i d e l b e r g .  



S A B I R - C  is an acronym d e r i v e d  from " ~ y s t 8 m e  Automatique 
d e  Bibliographic, d ' zn fo rma t ion  e t  d e  ~ e c E e r c h e  en  Ca rc ino log ie" .  
1ts-aims a r e :  

- To cover  t h e  r e l e v a n t  l i t e r a t u r e  of c l i n i c a l  and expe r i -  
mental  cancer  r e s e a r c h ;  

- To ana lyze  t h i s  l i t e r a t u r e  w i th  a  h igh  deg ree  of  spec i -  
f  i c i t y ;  

- To d i s semina t e  i n fo rma t ion  s l e c t i v e l y  and t o  p roces s  
s p e c i a l  r e q u e s t s  f o r  t h e  l i t e r a t u r e  a v a i l a b l e .  

A t  p r e s e n t ,  a  t o t a l  o f  abou t  1000 j o u r n a l s  a r e  be ing  screened  
f o r  pape r s  on t h e  t o p i c  " cance r " ,  which a r e  processed ,  record-  
i n g  t h e  most impor tan t  b i b l i o g r a p h i c a l  d e t a i l s  (such a s  name 
of t h e  a u t h o r  o r  a u t h o r s ,  p l a c e  of o r i g i n ,  o r i g i n a l  t i t l e ,  t r a n s -  
l a t e d  t i t l e ,  j o u r n a l )  and a d d i t i o n a l  s e a r c h  f e a t u r e s  f o r  which 
t h e  computer may be asked .  F igu re  1  shows t h e  a n a l y s i s  s h e e t  
used i n  Heide lberg  ove r  many y e a r s .  The o r i g i n a l  paper  t o g e t h e r  
w i th  t h e  a n a l y s i s  s h e e t  i s  s e n t  t o  one of t h e  i ndexe r s  who, i f  
a t  a l l  p o s s i b l e ,  should be  an e x p e r t  i n  t h e  f i e l d  t r e a t e d  i n  
t h e  paper .  For  i n s t a n c e ,  a  v i r o l o g i c a l  paper  w i l l  always be 
e n t r u s t e d  t o  a  v i r o l o g i s t ,  an a r t i c l e  on t h e  s u r g i c a l  t r e a t m e n t  
of cance r  of t h e  i n t e s t i n a l  t r a c t  t o  a  surgeon.  The indexer  
w i l l  r ead  t h e  paper  and c h a r a c t e r i z e  i t s  c o n t e n t s  by an appro- 
p r i a t e  number of  key-words, c a l l e d  d e s c r i p t o r s .  The te rms  which 
he may u s e  t o  c h a r a c t e r i z e  a r e  con ta ined  i n  t h e  c a t a l o g u e  of 
d e s c r i p t o r s .  The indexer  may u s e  any synonym l i s t e d  f o r  a  c e r -  
t a i n  concept ;  however, t h e  computer w i l l  l a t e r  on p r i n t  o u t  on ly  
t h e  cor responding  " p r e f e r r e d  term".  

Having indexed t h e  paper ,  t h e  indexer  r e t u r n s  t h e  a n a l y s i s  
s h e e t  t o  t h e  l i t e r a t u r e  documentat ion group where former ly  t h e  
d a t a  used t o  be  t r a n s f e r r e d  t o  paper  t ape .  However, f o r  about  
a  yea r  now, we have been u s i n g  an a n a l y s i s  s h e e t  form which i s  
typed i n  machine r e a d a b l e  OCR-B-type. These forms a r e  processed  
i n  an o p t i c a l  r e a d e r ,  t h e  c o n t e n t s  be ing  a u t o m a t i c a l l y  t r a n s -  
f e r r e d  t o  magnetic  t a p e .  A f r e e  t e x t  copy i s  t h e n  p r i n t e d  o u t  
f o r  o p t i c a l  e r r o r  checking by a  human r e a d e r .  A t  t h e  same t ime,  
t h e r e  i s  a  second automated check f o r  formal  e r r o r s  i n  t h e  com- 
p u t e r .  I f  e r r o r s  a r e  d e t e c t e d ,  t h e y  can be  c o r r e c t e d  a t  once 
by means of a  v ideo  t e r m i n a l .  Only a f t e r  t h i s  double  checking  
and,  i f  necessary ,  c o r r e c t i o n ,  i s  t h e  new m a t e r i a l  f i n a l l y  
accepted  i n t o  t h e  d a t a  base  (F igu re  2 ) .  

The mas t e r  f i l e  i s  s t o r e d  index - sequen t i a l l y  and h a s  a s  a  
key a  s i x - d i g i t  document number. S to rage  t a k e s  p l a c e  i n  v a r i -  
a b l e  r eco rd  l e n g t h  w i th  a  maximum of  1500 d i g i t s .  On d a t a  i n -  
p u t ,  t h e  document numbers of  new c i t a t i o n s  a r e  i n t e g r a t e d  i n t o  
t h e  i n v e r t e d  f i l e  a t  t h e  same t ime (F igu re  3 ) .  The i n v e r t e d  
f i l e  c o n s i s t s  of  s even -d ig i t  key-word numbers w i th  t h e  c o r r e -  
sponding s i x - d i g i t  document numbers. The r e c o r d s  i n  t h e  i n v e r t -  
ed f i l e  c o n s i s t  of a  n i n e - d i g i t  code and f i v e  b y t e s  p e r  r eco rd  
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f o r  a  f r e q u e n c y  c o u n t e r  which i n c r e a s e s  by one  a t  e a c h  s e a r c h  
f o r  t h e  r e s p e c t i v e  key-word. I n  t h i s  s i m p l e  manner,  key-word 
s t a t i s t i c s  may be set up. 

Tapes  a r e  exchanged between H e i d e l b e r g  and P a r i s  a t  a b o u t  
monthly i n t e r v a l s .  S i n c e  t h e  compute rs  a v a i l a b l e  i n  P a r i s  and 
H e i d e l b e r g  a r e  n o t  c o m p a t i b l e ,  t h e  m a t e r i a l  t o  be exchanged 
h a s  t o  undergo s e v e r a l  r e c o d i n g  p r o c e d u r e s .  The seven-channel-  
code  used  i n  P a r i s  h a s  t o  be c o n v e r t e d  i n  t h e  nine-channel-code 
o f  t h e  H e i d e l b e r g  i n s t a l l a t i o n  o r  v i c e - v e r s a ;  t h e n  t h e  s i g n a l  
c o d i n g  and t h e  r e c o r d  f o r m a t  a r e  changed and t h e  key-words 
t r a n s l a t e d  i n t o  French  o r  German a s  t h e  c a s e  may be.  

The d a t a  b a s e  i s  s t o r e d  o n  d i s k s .  I n  o r d e r  t o  r e t r i e v e  
c e r t a i n  i n f o r m a t i o n ,  t h e  s e a r c h  r e q u e s t  h a s  t o  b e  p h r a s e d  i n  a  
form which i s  i n t e l l i g i b l e  t o  t h e  machine.  For  t h i s  p u r p o s e ,  
w e  u s e  t h e  fo rmal i sm o f  l o g i c  a l g e b r a  deve loped  i n  t h e  m i d d l e  
o f  t h e  l a s t  c e n t u r y  by George Boole .  The most  i m p o r t a n t  l o g i c a l  
o p e r a t i o n s  a r e  t h e  "and" and t h e  " o r "  r e l a t i o n s .  I f  we c o n n e c t  
s e v e r a l  key-words a s  s e a r c h  t e r m s  w i t h  t h e  "and" r e l a t i o n ,  t h i s  
i m p l i e s  t h a t  a  paper  w i l l  b e  c o n s i d e r e d  r e l e v a n t  o n l y  i f  it i s  
indexed  under  a l l  o f  t h e  g i v e n  key-words. I n  t h e  example shown 
i n  F i g u r e  3 ,  a  s e a r c h  r e q u e s t  "67 OR 457" would y i e l d  a l l  s i x  
p a p e r s  n o t e d ,  i . e .  Nos. 35, 46, 197,  247, 1421, and 2388, a s  
b e i n g  r e l e v a n t ;  a  s e a r c h  r e q u e s t  "67 AND 457", however,  would 
y i e l d  o n l y  p a p e r  No. 2388. 

The s e a r c h  f o r  d e s c r i p t o r s  o r  c o m b i n a t i o n s  o f  d e s c r i p t o r s  
i s  by f a r  t h e  most  f r e q u e n t  t y p e  o f  s e a r c h .  It  i s  c a r r i e d  o u t  
i n  t h e  i n v e r t e d  f i l e  a l r e a d y  ment ioned .  The document numbers 
found a r e  t h o s e  o f  t h e  r e l e v a n t  t i t l e s  which a r e  s u b s e q u e n t l y  
p r i n t e d  from t h e  m a s t e r  f i l e  i n  t h e  form o f  l i s ts  o r  a s  i n d e x  
c a r d s .  

The s e a r c h  p r o c e s s  and t h e  o u t p u t  o f  c i t a t i o n s  found t o  be 
r e l e v a n t  c a n  b e  a c h i e v e d  o n - l i n e  v i a  t e r m i n a l  o r  v i a  t y p e w r i t e r  
t e r m i n a l  o r  o f f - l i n e  v i a  f a s t  p r i n t e r .  I t  t a k e s  a  few second t o  
answer  a  s e a r c h  r e q u e s t  when a b o u t  65,000 p a p e r s  a r e  s t o r e d .  

The SABIR sys tem i s  t r i l i n g u a l ,  i . e .  t h e  key-words c h a r a c -  
t e r i z i n g  t h e  c o n t e n t s  o f  a  paper  may b e  p r i n t e d  i n  E n g l i s h ,  
F rench  o r  German. The c e n t r a l  management and t h e  c o o r d i n a t i o n  
o f  t h e  sys tem a r e  l o c a t e d  i n  P a r i s  where--thanks t o  t h e  l a r g e  
s t a f f  o f  s c i e n t i s t s  b u i l t  u p  s y s t e m a t i c a l l y  s i n c e  1955--the main 
p o r t i o n  o f  t h e  work i s  done.  The c o n c e p t  o f  t h e  SABIR sys tem 
p r o v i d e s  f o r  t h e  a x i s  P a r i s - H e i d e l b e r g  b e  g r a d u a l l y  ex tended  t o  
form a n  i n t e r n a t i o n a l  i n f o r m a t i o n  network i n  which a l l  c o u n t r i e s  
i n t e r e s t e d  c o u l d  i n t e g r a t e  t h e i r  n a t i o n a l  c a n c e r  l i t e r a t u r e  and,  
i n  t u r n ,  b e  s u p p l i e d  w i t h  t h e  e n t i r e  m a t e r i a l .  We f e e l  t h a t  t h i s  
c o n c e p t  i s  d e s i g n e d  t o  s a t i s f y  a s  economica l ly  a s  p o s s i b l e  t h e  
e v e r  i n c r e a s i n g  need f o r  i n f o r m a t i o n  on t h e  p a r t  o f  s c i e n t i s t s  
concerned  w i t h  t h e  c a n c e r  problem i n  t h e o r y  and p r a c t i c e .  A s  
t h e  f i r s t  o f  a d d i t i o n a l  p a r t n e r s ,  I t a l y ,  Poland and Yugos lav ia  
have  j o i n e d  t h e  sys tem.  



The SABIR system has grown considerably during its first 
four years. At the end of 1975 nearly 70,000 citations were 
stored in the master file. 

Detailed key-word statistics are indispensable for the 
optimal operation and development of a literature information 
system. Table 1 compiled in October 1975, for example, shows 
that a total of 530,900 descriptors were used to cover the first 
67,772 papers in the SABIR memory. The number of key-words 
assigned per paper fluctuated between 1 and 26. The table fur- 
ther demonstrates that about half the papers covered were char- 
acterized by five to eight key-words and that the curve of the 
key-word frequency distribution shows a strongly positive skewness. 

Table 1. Frequency distribution of key-words (descriptors) 
assigned per paper. 

Relative 
Frequency  

h ix l ln  



F u r t h e r  d e t a i l s  o f  SABIR-C s t a t i s t i c s  a r e  shown i n  T a b l e  2 ,  
which summarizes t h e  f r e q u e n c y  of  o c c u r r e n c e  o f  3844 d e s c r i p t o r s ,  
c l a s s i f i e d  i n t o  14 c a t e g o r i e s ,  w i t h  i n t e r v a l s  c o r r e s p o n d i n g  t o  
t h e  s u c c e s s i v e  powers o f  two. From t h i s  t a b l e ,  it c a n  b e  ob- 
s e r v e d  t h a t  o f  3844 d e s c r i p t o r s ,  150 (3.9 p e r c e n t )  had n e v e r  been 
used  i n  t h e  m a t e r i a l  p r o c e s s e d .  It g o e s  w i t h o u t  s a y i n g  t h a t  
t h e s e  terms should  b e  rechecked  w i t h i n  a  r e a s o n a b l e  t i m e  i n  o r d e r  
t o  d e c i d e  whe ther  t h e y  should  remain  i n  t h e  t h e s a u r u s .  C l a s s  4  
w i t h  593 d e s c r i p t o r s  (15 .5  p e r c e n t )  i s  t h e  c l a s s  w i t h  t h e  h igh-  
e s t  r e l a t i v e  f r e q u e n c y ,  i . e .  t h e  d e s c r i p t o r s  were used  7 t o  14 
t i m e s ;  however,  e a c h  o f  t h e  86 d e s c r i p t o r s  i n  c l a s s e s  11 t o  14 
o c c u r s  more t h a n  1022 t i m e s .  

T a b l e  2. Frequency o f  o c c u r r e n c e  o f  key-words ( d e s c r i p t o r s )  
a c c o r d i n g  t o  l e n g t h  o f  i n t e r v a l .  

Class Lnnpth of Clsrr A h l u t e  Rclatmre 

~ntmwal ~merral hequency frequency 

hlxl hlxlln 

The r e s u l t s  o f  key-word s t a t i s t i c s  a l s o  have a n  i m p o r t a n t  
b e a r i n g  on p h r a s i n g  t h e  s e a r c h  r e q u e s t s .  The s e a r c h e r  p h r a s i n g  
t h e  u s e r ' s  s e a r c h  r e q u e s t  i n  t h e  form o f  a  Boolean e x p r e s s i o n  
may, i f  he  knows t h e  r e l a t i v e  f r e q u e n c i e s  o f  t h e  key-words t o  
b e  p r o c e s s e d  a t  l e a s t  f o r e c a s t  how many " h i t s "  t h e  r e t r i e v a l  
w i l l  y i e l d .  S e a r c h e s  y i e l d i n g  s e v e r a l  thousand  p u b l i c a t i o n s  
a r e ,  i n  p r a c t i c e ,  j u s t  a s  u n s a t i s f a c t o r y  a s  t h o s e  which t u r n  u p  
no ( o r  p e r h a p s  o n e  o r  two)  r e l e v a n t  p a p e r s .  I n  t h e  f i r s t  c a s e ,  
it i s  a d v i s a b l e  t o  res tr ic t  t h e  r e t r i e v a l  p r o f i l e  ( i . e .  t o  spec-  
i f y  more nar rowly  t h e  key-words) ;  i n  t h e  l a t t e r  c a s e ,  t h e  s e a r c h  
r e q u e s t  s h o u l d  b e  ex tended  o r  g e n e r a l i z e d .  I n  nar rowing  t h e  
s e a r c h  p r o f i l e  c o n t a i n i n g  key-words o f  f r e q u e n t  o c c u r r e n c e ,  i n  



o r d e r  t o  a v o i d  u n d e s i r a b l e  " b a l l a s t " ,  c a r e  should  b e  t a k e n  n o t  
t o  l o s e  e s s e n t i a l  i n f o r m a t i o n .  The o p t i m a l  p h r a s i n g  o f  a  s e a r c h  
r e q u e s t  r e q u i r e s  a n  e x c e l l e n t  knowledge o f  t h e  l i t e r a t u r e  and 
o f  t h e  s t r u c t u r e  o f  t h e  sys tem.  

Key-word s t a t i s t i c s  a l s o  y i e l d  m a t e r i a l  f o r  i n t e r e s t i n g  
s t r u c t u r a l  a n a l y s e s ,  e . g . ,  f o r  t h e  i n v e s t i g a t i o n  o f  t r e n d s ,  
f o c u s e s  o f  r e s e a r c h ,  e t c .  

F i g u r e  4 shows t h e  f r e q u e n c y  o f  p u b l i c a t i o n s  on v a r i o u s  o r -  
g a n  c a n c e r s .  Numer ica l ly  most f r e q u e n t  i n  t h e  world l i t e r a t u r e  
o f  t o d a y  a r e  t h e  p a p e r s  on  c a n c e r  o f  t h e  b r e a s t  and t h e  l u n g s ,  
f o l l o w e d  by p u b l i c a t i o n s  on tumors  of  t h e  s k i n ,  t h e  c e r v i x  and 
t h e  s tomach.  By compar i son ,  t h e r e  i s  r e l a t i v e l y  l i t t l e  a b o u t  
c a n c e r s  o f  t h e  p e n i s  and u r e t h r a .  
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Figure 4. Frequency of articles according to site of tumor. 



Immunology and b iochemis t ry  a r e  s p e c i a l l y  t o p i c a l  f i e l d s  
of  exper imenta l  cancer  r e s e a r c h ,  wh i l e  i n  c l i n i c a l  oncology 
t h e  main i n t e r e s t  i n  r e c e n t  y e a r s  h a s  been c e n t e r e d  on hemo- 
b l a s t o s e s .  

It i s  s u r p r i s i n g  t o  f i n d  t h a t  lymphadenectomy i s  by f a r  
t h e  most f r e q u e n t l y  used key-word i n  su rge ry .  

The t o t a l  number of pape r s  a s s igned  t o  t h e  d i f f e r e n t  r ad io -  
a c t i v e  i s o t o p e s  can  be subdiv ided  acco rd ing  t o  t h e i r  u s e  i n  
n u c l e a r  medica l  d i a g n o s t i c s  and i n  t h e r a p y .  It t h e n  becomes 
e v i d e n t  t h a t ,  i n  n u c l e a r  medica l  d i a g n o s t i c s ,  t h e  i s o t o p e s  
technetium-99 and iodine-131 occu r  most o f t e n  and i n  t he rapy ,  
iodine-131 o c c u r s  most o f t e n ,  fo l lowed by caesium-137 and 
ir idium-1 92. 

Cobalt-60 and radium-226 have n o t  been t aken  i n t o  account ,  
s i n c e  it tu rned  o u t  t h a t  t h e s e  d e s c r i p t o r s  a r e  sometimes in -  
c luded  under t h e  te rms  "h igh  v o l t a g e  r a d i o t h e r a p y "  o r  "endo- 
c a v i t a r y  r ad io the rapy"  and a r e  n o t  l i s t e d  s e p a r a t e l y .  

F igu re  5 shows t h a t  among oncogenic DNA-viruses, t h e  SV40 
v i r u s  and among RNA-viruses, t h e  Rous sarcoma v i r u s  a t t r a c t  t h e  
g r e a t e s t  i n t e r e s t  from s c i e n t i s t s .  
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Figure 5. Frequency of articles according to 
type of oncogenic virus. 



S t a t i s t i c s  on c a n c e r  l i t e r a t u r e  s t o r e d  i n  t h e  SABIR-C s y s -  
t e m  a l s o  make it p o s s i b l e  t o  convey an  i d e a  a b o u t  t h e  j o u r n a l s  
t h a t  a r e  most i m p o r t a n t  f o r  c a n c e r  r e s e a r c h  and a b o u t  t h e  con- 
t r i b u t i o n  o f  t h e  d i f f e r e n t  c o u n t r i e s  t o  t h e  p r e s e n t  c a n c e r  lit- 
e r a t u r e .  

The 50 most i m p o r t a n t  j o u r n a l s  a c c o r d i n g  t o  t h e  number o f  
p a p e r s  covered  o r i g i n a t e  f o r  t e n  c o u n t r i e s  and 12 b i o m e d i c a l  
d i s c i p l i n e s  ( T a b l e  3 ) .  A s  i n  G a r f i e l d ' s  a n a l y s i s  o f  t h e  l e a d i n g  
o n c o l o g i c a l  j o u r n a l s  i n  t h e  S c i e n c e  C i t a t i o n  I n d e x ,  t h e  j o u r n a l s  
Cancer ,  Cancer Research  and t h e  J o u r n a l  o f  t h e  N a t i o n a l  Cancer 
I n s t i t u t e  t a k e  t h e  f i r s t  t h r e e  p l a c e s  i n  t h e  SABIR-C sys tem f o r  
t h e  number o f  p u b l i c a t i o n s .  The Voprosy  O n k o l o g i i  is  i n  f i f t h  
p l a c e .  

T a b l e  3 .  Ranking o f  j o u r n a l s  i n  SABIR-C sys tem,  a c c o r d i n g  t o  
t h e  number o f  o n c o l o g i c a l  p u b l i c a t i o n s  c o v e r e d ,  
J a n u a r y  1969 t o  September 1974. 
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The l i s t  of  a l l  j o u r n a l s  and p a p e r s  a c c o r d i n g  t o  c o u n t r y  
o f  o r i g i n  ( T a b l e  4) shows t h e  l e a d i n g  p o s i t i o n  o f  USA. Roughly 
4 5  p e r c e n t  o f  t h e  e n t i r e  SABIR m a t e r i a l  i s  o f  American o r i g i n .  
N e a r l y  14 p e r c e n t  o f  t h e  p a p e r s  o r i g i n a t e  f rom French  p u b l i c a -  
t i o n s .  R r i t i s h  and West German p e r i o d i c a l s  f o l l o w  w i t h  a b o u t  
t e n  p e r c e n t  e a c h .  

T a b l e  4.  D i s t r i b u t i o n  o f  j o u r n a l s  s c r e e n e d  and ontological 
p a p e r s  c o v e r e d ,  a c c o r d i n g  t o  c o u n t r y  o f  o r i g i n ,  
J a n u a r y  1969 t o  September  1974. 
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Summary of 

International Cancer Research Data Bank (ICRDB) Program 

C.A. Linsell 

OBJECTIVE 

The objective of the ICRDB Program is to "actively promote 
and facilitate, on a worldwide basis, the exchange of information 
between cancer scientists and the dissemination of information 
(through cancer centers and other appropriate organizations) to 
all physicians for the public good". 

BACKGROUND 

The ICRDB Program has been developed in response to a con- 
gressional directive in the National Cancer Act of 1971, Section 
407(b) (41, which states that the Director of the National Cancer 
Institute (NCI) will : 

... collect, analyze, and disseminate all data use- 
ful in the prevention, diagnosis, and treatment of 
cancer, including the establishment of an interna- 
tional cancer research data bank to collect, cata- 
log, store, and disseminate insofar as feasible the 
results of cancer research undertaken in any country 
for the use of any person involved in cancer research 
in any country. 

Under Section 410(8), the Director is authorized: 

... to take necessary action to ensure that all 
channels for the dissemination and exchange of sci- 
entific knowledge and information are maintained 
between the National Cancer Institute and the other 
scientific, medical, and biomedical disciplines and 
organizations nationally and internationally. 

After a preliminary planning phase, the ICRDB Program moved 
into an initial operational phase with the implementation of an 
on-line system called CANCERLINE (CANCER on-LINE) during the 
summer of 1954. Since that time, many other facets of the Pro- 
gram have begun operation. 



CANCERLINE 

CANCEFUINE i s  a  computer-based sys tem f o r  o n - l i n e  r e t r i e v a l  
o f  a b s t r a c t s  d e r i v e d  from p u b l i s h e d  r e s u l t s  o f  c a n c e r  r e s e a r c h  and 
d e s c r i p t i o n s  o f  ongoing  c a n c e r  r e s e a r c h  p r o j e c t s .  The sys tem i s  
composed o f  s e v e r a l  s e p a r a t e  d a t a  b a s e s ,  CANCEFUIT (Cancer  L i t e r a -  
t u r e )  and CANCERPROJ (Cancer  P r o j e c t s )  b e i n g  t h e  two most impor- 
t a n t .  Through a n  i n t e r a g e n c y  agreement ,  CANCEFUINE i s  a c c e s s e d  
by computer  t e r m i n a l s  c o n n e c t e d  t o  t h e  c e n t r a l  computer  f a c i l i t y  
l o c a t e d  a t  t h e  N a t i o n a l  L i b r a r y  o f  Medicine (NLM) i n  Be thesda ,  
Maryland.  These  t e r m i n a l s  a r e  l o c a t e d  a t  more t h a n  430 l o c a t i o n s  
t h r o u g h o u t  t h e  Uni ted  S t a t e s  and i n  n i n e  f o r e i g n  c o u n t r i e s .  
S e a r c h e s  c a n  b e  r e q u e s t e d  a t  any  l o c a t i o n  and m a i l e d  w i t h i n  d a y s .  

CANCERLIT c o n t a i n s  a p p r o x i m a t e l y  60,000 a b s t r a c t s  o f  p u b l i s h -  
ed a r t i c l e s  a p p e a r  i n g  i n  b i o m e d i c a l  and s c i e n t i f i c  j o u r n a l s  from 
1963 t o  d a t e .  Beg inn ing  i n  J a n u a r y  1976, books,  monographs, sym- 
p o s i a ,  r e p o r t s ,  e t c .  a r e  a l s o  b e i n g  s c r e e n e d  f o r  c a n c e r - r e l a t e d  
a r t i c l e s  t o  a b s t r a c t  f o r  CANCERLIT. One ICRDB c o n t r a c t o r  ( M . D .  
Anderson H o s p i t a l  and Tumor I n s t i t u t e )  s c r e e n s  t h e s e  s o u r c e s  t o  
i d e n t i f y  documents  r e l a t e d  t o  c a n c e r  and a n o t h e r  ICRDB c o n t r a c t o r  
( t h e  F r a n k l i n  I n s t i t u t e )  p r e p a r e s  a b s t r a c t s  from t h e s e  documents .  

The CANCERLIT d a t a  b a s e  i s  upda ted  monthly and i s  e x p e c t e d  t o  grow 
a t  a  r a t e  o f  20,000 a b s t r a c t s  p e r  y e a r .  

The CANCERPROJ d a t a  b a s e  i s  comprised o f  summaries o f  on- 
g o i n g  c a n c e r  r e s e a r c h  p r o j e c t s  s u b m i t t e d  by s c i e n t i s t s  i n  many 
c o u n t r i e s .  T h i s  d a t a  b a s e  c o n t a i n s  a p p r o x i m a t e l y  10,000 summa- 
r ies  w i t h  a  p r o j e c t e d  i n c r e a s e  t o  a p p r o x i m a t e l y  15 ,000 .  CANCER- 
PROJ c o v e r s  t h e  most  r e c e n t  two o r  t h r e e  y e a r s  o f  f e d e r a l l y  and 
p r i v a t e l y  s u p p o r t e d  g r a n t s  and c o n t r a c t s  and i s  upda ted  e v e r y  
t h r e e  months.  The p r o j e c t  d e s c r i p t i o n s  a r e  c o l l e c t e d  and p r o c e s s -  
ed  by t h e  C u r r e n t  Cancer  Research  P r o j e c t s  A n a l y s i s  C e n t e r  
(CCRESPAC) which i s  o p e r a t e d  by t h e  Smi thson ian  S c i e n c e  I n f o r -  

m a t i o n  Exchange (SSIE) i n  Washington,  D.C. 

Cancer  I n f o r m a t i o n  D i s s e m i n a t i o n  and A n a l y s i s  C e n t e r  (CIDACS) 

The ICRDB Program i s  implement ing Cancer  I n f o r m a t i o n  D i s -  
s e m i n a t i o n  and A n a l y s i s  C e n t e r s  i n  t h r e e  b road  a r e a s  o f  c a n c e r  
r e s e a r c h .  These  a r e  s t a f f e d  by s c i e n t i s t s  who have a  thorough  
and d e t a i l e d  u n d e r s t a n d i n g  of  t h e  s u b j e c t  a r e a s  covered  by t h e  
p a r t i c u l a r  CIDAC. The a r e a s  o f  c a n c e r  r e s e a r c h  covered  by t h e  
t h r e e  CIDACS a r e :  

- Cancer  d e t e c t i o n ,  d i a g n o s i s ,  t h e r a p y ,  r e h a b i l i t a t i o n ,  
and o t h e r  c l i n i c a l  a s p e c t s ;  

- Chemical ,  e n v i r o n m e n t a l ,  and p h y s i c a l  c a r c i n o g e n e i s  
( p l u s  ep idemio logy)  ; 

- Cancer  v i r o l o g y ,  immunology, and c a n c e r  b i o l o g y .  



The CIDACs will serve to stress the active dissemination of 
cancer research information to scientists and will act as refer- 
ence and referral centers for investigators. As a result of 
CIDAC efforts, a steady stream of abstracts of recently published 
research literature (as contained in a new publication called 
Cancergram) in specific subject areas will automatically be sent 
to scientists working in those areas as part of a program for the 
Selective Dissemination of Information (SDI). Another publica- 
tion (Technical Bulletins) containing an intensive compilation of 
the most significant abstracts on a specific topic will also be 
issued. Information for these bulletins will be obtained by 
computer searches of the data base by CIDAC subject specialists. 
CIDAC staff will not only provide quality control and determine 
the scope of information entered into CANCERLINE but also conduct 
on-line computer searches in response to requests for information. 
Additionally, each Center will develop methods for indexing, re- 
trieving, and summarizing scientific,information and findings. 
On a continuing basis, CIDACs will identify and implement new pro- 
jects to promote exchange of technical information between can- 
cer researchers on a worldwide basis. 

Computer Support 

A range of computer-related services is being provided to 
the ICRDB Program by the IIT Research Institute (IITRI), Chicago, 
Illinois. Reformating of machine-readable input from various 
sources for inclusion in CANCERLINE has been undertaken. IITRI 
also assists the CIDACs in providing current awareness services 
(Canc ergrams) , Technica l Bu l Zetins, specific retrospective 
searches, and other special products and services as needed for 
selected user groups. 

Current Cancer Research Project Analysis Center (CCRESPAC) 

An interagency agreement with the Smithsonian Science Infor- 
mation Exchange (SSIE) established this Center. CCRESPAC has 
collected and processed over 10,000 descriptions of ongoing can- 
cer research projects. This information is available for on- 
line searching through the CANCERPROJ data base, as discussed 
above. Descriptions of 6600 research projects have been compiled 
into a six volume publication released in 1975. Compilations of 
abstracts of ongoing projects in a specific area of cancer re- 
search are being produced as Special Listings. During 1976, 
approximately 35-40 of the Special Listings were issued. The 
Listings are being distributed to contributing scientists cur- 
rently working on each specific topic so they can easily identify 
and establish direct communications with other scientists work- 
ing in the same area. 

CCRESPAC also serves as a reference and referral center 
for researchers and provides quality control for entries in the 
CANCERPROJ data base. 



C l e a r i n g h o u s e  f o r  Ongoing Work i n  Cancer  Epidemiology 

T h i s  i s  a  c o o p e r a t i v e  p r o j e c t  s u p p o r t e d  j o i n t l y  by t h e  
ICRDB Program, t h e  I n t e r n a t i o n a l  Agency f o r  Research  on  Cancer  
(IARC) i n  Lyon, F r a n c e ,  and t h e  German Cancer  Research  C e n t e r  i n  
H e i d e l b e r g ,  Germany. The C l e a r i n g h o u s e  d e a l s  w i t h  d e t a i l e d  d a t a  
on  r e s e a r c h  r e l a t e d  t o  c a n c e r  ep idemio logy  and s t u d i e s  i n  human 
c a n c e r  c a u s a t i o n  i n  c o u n t r i e s  around t h e  wor ld .  The C l e a r i n g -  
house w i l l  p r o v i d e  l i s ts  o f  ep idemio logy  r e s e a r c h e s  and r e s o u r c e s  
The C l e a r i n g h o u s e  a l s o  r e s p o n d s  t o  t e c h n i c a l  q u e s t i o n s  and pro-  
d u c e s  a  s e r i e s  o f  p u b l i c a t i o n s  and s e r v i c e s .  One such  p u b l i c a -  
t i o n  i s  a n  a n n u a l  d i r e c t o r y  of  ongoing c a n c e r  ep idemio logy  re- 
s e a r c h  p r o j e c t s .  

An I n t e r n a t i o n a l  R e g i s t r y  o f  Tumor Immunotherapy 

T h i s  p r o j e c t ,  s u p p o r t e d  by t h e  ICRDB Program, h a s  c o l l e c t e d ,  
a n a l y z e d ,  and d i s s e m i n a t e d  l i s t i n g s  c o n t a i n i n g  more t h a n  2 2 0  
c l i n i c a l  tumor immunotherapy p r o t o c o l s .  T h i s  r e g i s t r y  i s  upda ted  
a p p r o x i m a t e l y  t h r e e  t i m e s  p e r  y e a r  and t h e  i n f o r m a t i o n  i s  d i s -  
t r i b u t e d  t o  i n v e s t i g a t o r s  who h a v e  s u b m i t t e d  d e s c r i p t i o n s  o f  
t h e i r  c l i n i c a l  t r i a l s .  A d d i t i o n a l l y ,  a  f a c t  s h e e t  which p r o v i d e s  
a  l i s t i n g  o f  p r o t o c o l s  by t i t l e  i s  p e r i o d i c a l l y  d i s t r i b u t e d  t o  a  
l a r g e r  a u d i e n c e  o f  r e s e a r c h e r s  working i n  t h e  f i e l d  o f  c a n c e r .  
One o f  t h e  p r i m a r y  p u r p o s e s  o f  t h e  Tumor Immunotherapy R e g i s t r y  
i s  t o  f a c i l i t a t e  communication between c l i n i c i a n s  and i n v e s t i g a -  
t o r s  c o n d u c t i n g  c l i n i c a l  t r i a l s .  

C l i n i c a l  Cancer  Data  Methods 

I n i t i a l  s t e p s  toward improving methods o f  h a n d l i n g  c l i n c a l  
c a n c e r  d a t a  have  been t a k e n  by t h e  ICRDB Program. T h i s  i n c l u d e s  
o r g a n i z i n g  m e e t i n s  between c a n c e r  c e n t e r s  i n  t h e  USA t o  p l a n  and 
implement a  un i fo rm sys tem o f  c o l l e c t i n g  and r e p o r t i n g  c l i n c a l  
i n f o r m a t i o n  on c a n c e r  p a t i e n t s .  A  procurement  h a s  been  i n i t i a t e d  
t o  e s t a b l i s h  a  S t a t i s t i c a l  A n a l y s i s  and Q u a l i t y  C o n t r o l  C e n t e r  
(SAQC). Comprehensive Cancer  C e n t e r s  i n  t h e  U n i t e d  S t a t e s  w i l l  
submi t  d a t a  t o  SAQC f o r  i n c l u s i o n  i n  t h e  C e n t r a l i z e d  Cancer  Pa- 
t i e n t  Data  System (CCPDS). 

An Improved C l a s s i f i c a t i o n  f o r  Coding H i s t o p a t h o l o g i c  Cancer  Data  

I n  c o o p e r a t i o n  w i t h  t h e  World H e a l t h  O r g a n i z a t i o n  (WHO),  t h e  
ICRDB Program i s  s u p p o r t i n g  t h e  development  o f  a  r e v i s e d  coded 
nomenc la tu re  f o r  neoplasms c a l l e d  t h e  I n t e r n a t i o n a l  C l a s s i f i c a t i o n  
of  D i s e a s e s  f o r  Oncology (ICD-0). T h i s  c o d i n g  scheme i s  c u r r e n t -  
l y  undergo ing  f i e l d  t r i a l s  i n  Europe, t h e  Middle  E a s t ,  North  
America,  Sou th  America and t h e  USSR. The comple ted  c l a s s i f i c a t i o n  
w i l l  b e  p u b l i s h e d  by WHO i n  E n g l i s h ,  F rench ,  R u s s i a n  and S p a n i s h .  
The E n g l i s h  l a n g u a g e  v e r s i o n  was s c h e d u l e d  f o r  i s s u a n c e  i n  l a t e  
1976 .  I n  t h e  USA, t h e  ICD-0 w i l l  b e  u t i l i z e d  by t h e  Comprehensive 
Cancer  C e n t e r s  i n  t h e  C e n t r a l i z e d  Cancer  P a t i e n t  Data  System 
(CCPDS) . 



SPECIAL INTERNATIONAL PROGRAMS 

A P r o j e c t  t o  Promote I n t e r n a t i o n a l  C o l l a b o r a t i o n  Between Cancer  
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I n  c o o p e r a t i o n  w i t h  t h e  I n t e r n a t i o n a l  Union A g a i n s t  Cancer  
(UICC) i n  Geneva, s u p p o r t  i s  p r o v i d e d  f o r  a  S p e c i a l  Committee 
f o r  I n t e r n a t i o n a l  C o l l a b o r a t i v e  A c t i v i t i e s  (CICA) w i t h i n  t h e  
framework o f  t h e  UICC. The E x e c u t i v e  S e c r e t a r y  and members of  
CICA a r e  p r o v i d i n g  a d v i s o r y ,  c o n s u l t a t i v e ,  and l i a i s o n  s e r v i c e s  
t o  s u p p o r t  t h e  i n t e r n a t i o n a l  a c t i v i t i e s  o f  t h e  Uni ted  S t a t e s  
N a t i o n a l  Cancer  Program i n  g e n e r a l ,  and t h e  ICRDB Program i n  p a r -  
t i c u l a r .  CICA a i d s  i n  t h e  c o l l e c t i o n  o f  d a t a  a b o u t  ongoing can-  
cer r e s e a r c h  p r o j e c t s  ( i n c l u d i n g  c l i n i c a l  p r o t o c o l s )  from coun- 
t r i e s  a round  t h e  wor ld .  CICA p e r s o n n e l  a l s o  i d e n t i f y  and pro-  
mote c o l l a b o r a t i v e  p r o j e c t s  among c a n c e r  c e n t e r s  and c a n c e r  sci- 
e n t i s t s  i n  d i f f e r e n t  c o u n t r i e s .  An I n t e r n a t i o n a l  D i r e c t o r y  o f  
S p e c i a l i z e d  Cancer  Research  and Trea tment  E s t a b l i s h m e n t s  was 
p r e p a r e d  f o r  d i s t r i b u t i o n  i n  1975.  

I n t e r n a t i o n a l  S c i e n t i s t - t o - S c i e n t i s t  Communication 

The ICRDB Program, t h r o u g h  t h e  I n t e r n a t i o n a l  Union A g a i n s t  
Cancer  (UICC) i n  Geneva, S w i t z e r l a n d ,  e n c o u r a g e s  i n t e r n a t i o n a l  
s c i e n t i s t - t o - s c i e n t i s t  communication. The two-par t  p r o j e c t  i s  
composed o f  t h e  I n t e r n a t i o n a l  Cancer  Research  Technology Trans-  
f e r  Program (ICRETT) and t h e  I n t e r n a t i o n a l  Cancer  Research  Work- 
s h o p  Program (ICREW) . 

I n d i v i d u a l  g r a n t s  f o r  s h o r t - t e r m  v i s i t s  a r e  awarded by 
ICRETT. These v i s i t s  may b e  f o r  t h e  p u r p o s e  o f  c o n d u c t i n g  b r i e f  
r e s e a r c h  p r o j e c t s ,  c o l l a b o r a t i n g  w i t h  a  f e l l o w  i n v e s t i g a t o r ,  o r  
t r a v e l i n g  t o  p r e s e n t  l e c t u r e s  and /or  d e m o n s t r a t i o n s  on c a n c e r  
r e s e a r c h  t e c h n o l o g y .  

ICREW p r o v i d e s  b a s i c  s u p p o r t  f o r  workshops i n  c a n c e r  re- 
s e a r c h  where s c i e n t i s t s  meet on a n  i n t e r n a t i o n a l  b a s i s .  The aim 
is  t o  i n c r e a s e  t h e  f r e q u e n c y ,  speed  and e f f i c i e n c y  o f  d i r e c t  i n -  
f o r m a t i o n  exchange among s m a l l  g r o u p s  o f  c a n c e r  i n v e s t i g a t o r s .  
These  r e s e a r c h e r s ,  a l t h o u g h  working i n  d i f f e r e n t  c o u n t r i e s ,  a r e  
a l l  a c t i v e  i n  t h e  same f i e l d  o f  b a s i c ,  c l i n i c a l  o r  b e h a v i o r a l  
r e s e a r c h  r e l a t e d  t o  c a n c e r .  

ICRDB P u b l i c a t i o n s  and S e r v i c e s  t o  Cancer R e s e a r c h e r s  i n  Devel- 
o p i n g  C o u n t r i e s  

The World H e a l t h  O r g a n i z a t i o n  (WHO) L i b r a r y  i n  Geneva, 
S w i t z e r l a n d ,  w i l l  c o o p e r a t e  w i t h  t h e  ICRDB i n  p r o v i d i n g  o n - l i n e  
s e a r c h i n g  o f  CANCERLINE, r e f e r r a l  s e r v i c e s ,  and ICRDB p u b l i c a t i o n s  
t o  c a n c e r  r e s e a r c h e r s  i n  d e v e l o p i n g  c o u n t r i e s .  WHO w i l l  a s s i s t  
i n  c o l l e c t i n g  c a n c e r - r e l a t e d  i n f o r m a t i o n  from r e s e a r c h e r s  i n  
t h e s e  c o u n t r i e s  f o r  i n p u t  t o  t h e  ICRDB d a t a  b a s e s .  



A C e n t e r  f o r  C o l l e c t i o n  and A n a l y s i s  o f  ICRDB-Related Data  i n  
  at in America 

C o o r d i n a t o r s  from v a r i o u s  L a t i n  American c o u n t r i e s  m e t  i n  
Sao P a u l o ,  B r a z i l  i n  November, 1975 t o  e s t a b l i s h  a  c e n t e r  f o r  
r a p i d  s c r e e n i n g  o f  L a t i n  American b i o m e d i c a l  l i t e r a t u r e .  The 
Pan American H e a l t h  O r g a n i z a t i o n  (PAHO) i s  u t i l i z i n g  t h e  services 
o f  i t s  Regiona l  L i b r a r y  o f  Medic ine  (BIREME) i n  Sao P a u l o  f o r  t h i s  
purpose .  The p a r t i c i p a t i o n  o f  t h e  R e g i o n a l  L i b r a r y  o f  Medicine 
w i l l  make it p o s s i b l e  t o  s e c u r e  and e x p e d i t e  t h e  i n c l u s i o n  o f  
L a t i n  American l i t e r a t u r e  i n  t h e  CANCERLINE sys tem.  

PAHO i s  c o l l e c t i n g  d a t a  a b o u t  ongoing  c a n c e r - r e l a t e d  re- 
s e a r c h  p r o j e c t s  i n  L a t i n  America.  To d a t e ,  a b o u t  100 a b s t r a c t s  
f rom s e v e n  c o u n t r i e s  have  been comple ted .  

PAHO i s  a l s o  e d i t i n g  t h e  S p a n i s h  and P o r t u g u e s e  v e r s i o n s  o f  
t h e  I n t e r n a t i o n a l  C l a s s i f i c a t i o n  o f  D i s e a s e s  f o r  Oncology (ICD-0) 
and i s  c o n d u c t i n g  ICD-0 f i e l d  t r i a l s  i n  L a t i n  America. 

A d d i t i o n a l l y ,  PAHO is  a c t i n g  a s  t h e  f o c a l  p o i n t  f o r  u p d a t i n g  
t h e  L a t i n  American e n t r i e s  f o r  t h e  UICC d i r e c t o r y  o f  c a n c e r  cen-  
ters and mechanisms a r e  b e i n g  e s t a b l i s h e d  t o  d i s s e m i n a t e  ICRDB 
p u b l i c a t i o n s  and i n f o r m a t i o n  s e r v i c e s  t o  c a n c e r  r e s e a r c h e r s  i n  
L a t i n  America.  

An ICRDB-Sponsored I n f o r m a t i o n  C e n t e r  i n  J a p a n  

The development  o f  a n  ICRDB-sponsored c e n t e r  i n  J a p a n  h a s  
been i n i t i a t e d .  T h i s  C e n t e r  w i l l  c o o r d i n a t e  t h e  s c r e e n i n g  and  
c o l l e c t i o n  of  c a n c e r - r e l a t e d  i n f o r m a t i o n  from J a p a n  and ne igh-  
b o r i n g  c o u n t r i e s  f o r  e n t r y  i n  t h e  d a t a  bank. It w i l l  a l s o  i n -  
c l u d e  mechanisms f o r  p r o v i d i n g  ICRDB p u b l i c a t i o n s  and o t h e r  i n -  
f o r m a t i o n  s e r v i c e s  t o  s c i e n t i s t s  working i n  t h e  F a r  E a s t .  



I n t e r r e l a t i o n s h i p s  Among S c i e n t i f i c  Research 
Areas--A S tep  i n  Developing I n t e r n a t i o n a l  

C o l l a b o r a t i v e  Programs 

L . I .  Borodkin, e t  a l .  

I n  d e a l i n g  w i t h  v a r i o u s  a s p e c t s  of  an i n t e r n a t i o n a l  s c i -  
e n t i f i c  c o l l a b o r a t i v e  program (program development, r e s e a r c h  
p r e p a r a t i o n ,  o r g a n i z a t i o n  of symposia, c r e a t i o n  of i n fo rma t ion  
exchange systems,  e t c . ) ,  t h e  f i r s t  s t e p  i s  t o  de termine  t h e  
s t r u c t u r e  of t h e  problem. By t h e  word " s t r u c t u r e "  we mean iden- 
t i f i c a t i o n  o f  key a r e a s  of s c i e n t i f i c  r e s e a r c h  ("approaches" t o  
a  major r e s e a r c h  g o a l )  and d e s c r i p t i o n  of  t h e  i n t e r r e l a t i o n s h i p s  
( i n t e r l i n k a g e )  among them. This  s t r u c t u r e  should be d e t a i l e d  
and a t  t h e  same t ime comprehensive, f o r  upon t h i s  b a s i s  a  c o l -  
l a b o r a t i v e  program i s  t o  be planned,  i t s  main s e r v i c e s  imple- 
mented and t h e  o p e r a t i n g  p r i n c i p l e s  o f  t h e s e  s e r v i c e s  e s t a b l i s h e d .  

The method o f  de termining  t h e  primary element of  a  s t r u c -  
t u r e ,  by l i s t i n g  key approaches,  is  w e l l  known. It i s  based on 
accumulated s c i e n t i f i c  know-how i n  compil ing c l a s s i f i e r s  and on 
a  d i v e r s e  r e p e r t o r y  of  a l r e a d y - e x i s t i n g  c l a s s i f i e r s  [1,2] .  

A t  t h e  same t ime,  however, a  s t anda rd ized  d e s c r i p t i o n  o f  
i n t e r r e l a t i o n s h i p s  among i d e n t i f i e d  approaches has  no t  y e t  been 
g e n e r a l l y  agreed  upon and t h e  d e s c r i p t i o n s  t r a d i t i o n a l l y  pre- 
s en ted  a r e  a  s t a t e - o f - t h e - a r t  review. I n  t h i s  form, complete- 
nes s  and cons i s t ency  a r e  o f t e n  wanting s i n c e  a u t h o r s '  p r e f e r -  
ences  can  unconsciously d i s t o r t  t h e  r e a l  s i t u a t i o n .  

The aim of  t h i s  paper i s  t o  o u t l i n e  an o b j e c t i v e  method of 
d e s c r i b i n g  i n t e r r e l a t i o n s h i p s  among s c i e n t i f i c  r e s e a r c h  areas- -  
a  method which would inc lude  o n l y  s t r i c t  procedures  f o r  c o l l e c t -  
ing  and ana lyz ing  t h e  necessary  d a t a  and p r e s e n t  t h e  r e q u i s i t e  
d e s c r i p t i o n  i n  a  s t anda rd ized  form. It must p r e s e n t  t h e  des-  
c r i p t i o n  c o n c i s e l y  i n  o r d e r  t o  f a c i l i t a t e  f i r s t h a n d  a n a l y s i s .  

A s  a  s t anda rd ized  language f o r  t h i s  proposed method, we 
s h a l l  use  t h e  language of  graph theo ry .  The u n i v e r s a l  n a t u r e  
of  t h i s  language makes it p o s s i b l e  n o t  only  t o  de termine  an 
e x i s t i n g  system of i n t e r r e l a t i o n s h i p s  among s c i e n t i f i c  r e s e a r c h  
a r e a s  bu t  a l s o  t o  f o r e c a s t  t h e  sys t em ' s  f u t u r e  development. From 
t h i s  p o i n t  o f  view t h e  proposed method may be compared t o  t h e  
systems a n a l y s i s  approach t o  s c i e n c e  g e n e r a l l y  [3 ,4 ] .  

T h i s  paper c o n s i s t s  of  t h r e e  s e c t i o n s .  The f i r s t  and sec-  
ond d e s c r i b e  t h e  method used and t h e  l a s t  s e c t i o n  an  experiment  
showing t h e  c e n t r a l  p o s i t i o n  tumor immunology r e s e a r c h  ho lds  
among t h e  main cancer  r e s e a r c h  a r e a s .  



PROCEDURE FOR FORMING THE INITIAL GRAPH OF INFORMATION LINKS 

T h i s  work was based  on t h e  l i s t  o f  main c a n c e r  r e s e a r c h  
a r e a s  and s u b j e c t s  compiled by t h e  S c i e n t i f i c  Counc i l  f o r  Cancer  
Research  of  t h e  P r e s i d i u m  o f  t h e  USSR Academy o f  Medical  S c i e n c e s .  
T h i s  i n c l u d e s  13 a r e a s  ( l i s t e d  i n  t h e  Appendix) ,  e a c h  c o n s i s t i n g  
o f  a p p r o x i m a t e l y  10 s u b a r e a s  (which we s h a l l  c a l l  s u b j e c t s ) - -  
121 s u b j e c t s  i n  a l l .  

W e  p roposed  t o  c a r r y  o u t  t h e  i d e n t i f i c a t i o n  o f  i n t e r c o n n e c -  
t i o n s  among e l e m e n t s  o f  t h e  above  l i s t  t h r o u g h  s t r u c t u r a l  a n a l y -  
sis of  a  g r a p h  o f  c i t a t i o n s  i n  c a n c e r  l i t e r a t u r e .  A t  t h i s  s t a g e ,  
c a n c e r  r e s e a r c h  s p e c i a l i s t s  s e l e c t e d  p u b l i c a t i o n s  t o  s e r v e  a s  
i n i t i a l  i n f o r m a t i o n  f o r  s u b s e q u e n t  a n a l y s i s - - r e f e r e n c e s  i n  t h e s e  
p u b l i c a t i o n s  t o  o t h e r  p u b l i c a t i o n s  y i e l d e d  o b j e c t i v e  d a t a  re- 
g a r d i n g  t h e  s t r u c t u r e  under  s t u d y  [5]. 

The f o l l o w i n g  method was used  t o  form t h e  g r a p h  o f  c i t a t i o n s .  
A t  t h e  Moscow Cancer  Research  C e n t e r ,  a  p a n e l  o f  e x p e r t s  was 
o r g a n i z e d  c o n s i s t i n g  o f  o n e  t o  t h r e e  p r o f e s s i o n a l s  f o r  e a c h  o f  
t h e  13 a r e a s  l i s t e d .  Each o f  t h e  13 g r o u p s  o f  e x p e r t s  was asked  
t o  s e l e c t  from t h e  a v a i l a b l e  c a n c e r  l i t e r a t u r e  10 o f  t h e  most 
i m p o r t a n t ,  a u t h o r i t a t i v e  works from 1972-1974 d e a l i n g  w i t h  e a c h  
o f  i t s  s u b j e c t s  and two o r  t h r e e  such  works from 1960-1971. Each 
g r o u p  was a s k e d  t o  r e p r e s e n t  i n  t h e i r  s e l e c t i o n  S o v i e t ,  American 
and o t h e r  c o u n t r i e s '  a u t h o r s  i n  a p p r o x i m a t e l y  e q u a l  p r o p o r t i o n s .  
The b i b l i o g r a p h y  compiled i n  t h i s  way c o n t a i n e d  1620 p u b l i c a t i o n s  
( i n c l u d i n g  more t h a n  120 monographs) r e p r e s e n t i n g  t h e  work o f  
4000 s c i e n t i s t s  f rom v a r i o u s  c o u n t r i e s .  

Each o f  t h e  s e l e c t e d  p u b l i c a t i o n s  was c h a r a c t e r i z e d  by t h e  
f o l l o w i n g  set of  d a t a :  

- The " s e r i a l "  number o f  t h e  p u b l i c a t i o n  (from 1  t o  1 6 2 0 ) ;  

- A number i d e n t i f y i n g  t h e  r e s e a r c h  a r e a  and s u b j e c t  
t o  which t h e  p u b l i c a t i o n  r e l a t e d ;  

- The a u t h o r ( s ) ,  t i t l e  and s o u r c e  o f  t h e  p u b l i c a t i o n ;  

- A l i s t  of  t h e  s e r i a l  numbers o f  t h o s e  o f  t h e  1620 se- 
l e c t e d  p u b l i c a t i o n s  c i t e d  by t h e  p u b l i c a t i o n .  

These d a t a  d e f i n e  t h e  g r a p h  o f  c i t a t i o n s  GO, t h e  set o f  
whose v e r t i c e s  c o r r e s p o n d s  t o  t h e  set  o f  1620 s e l e c t e d  p u b l i c a -  
t i o n s ;  an  a r c  on t h i s  g r a p h  d i r e c t e d  from t h e  i t h  t o  t h e  j t h  
v e r t e x  c o r r e s p o n d s  t o  a  c i t i n g  o f  t h e  i t h  work by t h e  j t h  work. 
( I n  t h i s  way, t h e  d i r e c t i o n  o f  a n  a r c  c o r r e s p o n d s  t o  t h e  i n f o r -  

m a t i o n  f l o w . )  For  o u r  p u r p o s e s ,  it is  n e c e s s a r y  t o  c o n s t r u c t  
we igh ted  g r a p h s  G '  and G "  a s s i g n i n g  t h e  f l o w  r a t e s  f o r  c i t a t i o n s  
among p u b l i c a t i o n s  on any p a i r  o f  r e s e a r c h  s u b j e c t s  o r  r e s e a r c h  
a r e a s  (see F i g u r e  1 ) .  The e l e m e n t s  o f  t h e  a d j a c e n c y  m a t r i x  

gy j  (i, j  = 1 , 1 0 0 0 )  a r e  1 s  i f  "i" ci tes  " j " ,  and z e r o s  o t h e r w i s e .  



Figure 1. An ~xarnple o f  a citatiorl graph Go. of. say. 1000 publicatiorls. 

A l l  t h e  p u b l i c a t i o n s  r e l a t e  t o  16 r e s e a r c h  a r e a s ,  e a c h  s u b d i v i d e d  
i n t o  f o u r  r e s e a r c h  s u b j e c t s .  The g r a p h  G '  w i t h  i t s  m a t r i x  

llg;L1/16 i s  s u c h  t h a t  w e i g h t s  g i g  a re  e q u a l  t o  t h e  sum o f  1 s  i n  

t h e  c e l l  Ak x AL. The g r a p h  G "  w i t h  i t s  m a t r i x  1 1  CJ;~~' i s  s u c h  

t h a t  w e i g h t s  g;, a r e  e q u a l  t o  t h e  sum o f  1 s  i n  t h e  b l o c k  B  x Bs. r 

Graphs G '  a n d  G" were c o n s t r u c t e d  by compute r .  I n  t h i s  
o p e r a t i o n ,  e a c h  o f  t h e  1620 s e l e c t e d  p u b l i c a t i o n s  was r e p r e s e n t e d  
i n  t h e  a r r a y  o f  i n i t i a l  d a t a  by i t s  s e r i a l  number, r e s e a r c h  a r e a -  
s u b j e c t  i n d e x  a n d  t h e  l i s t  o f  p u b l i c a t i o n s  it c i t e s .  

The a r c  w e i g h t  g i L  f o r  t h e  g r a p h  G I  i s  d e f i n e d  a s  t h e  t o t a l  
.- . 

number o f  c i t a t i o n s  by p u b l i c a t i o n s  o n  t h e  k t h  s u b j e c t  from 
p u b l i c a t i o n s  o n  t h e  Lth s u b j e c t :  



where g p j  d e t e r m i n e s  t h e  a r c s  of t h e  g r a p h  GO; 1 ~ ~ 1  i s  t h e  se t  of  

s e r i a l  numbers of p u b l i c a t i o n s  r e l a t e d  t o  t h e  k t h  r e s e a r c h  sub- 

j e c t  and k,E = 1 ,121 .  

The w e i g h t  o f  t h e  a r c  g'', o f  g r a p h  G" i s  d e f i n e d  a s  t h e  

t o t a l  number o f  c i t a t i o n s  by p u b l i c a t i o n s  on t h e  r t h  a r e a  from 
p u b l i c a t i o n s  r e l a t e d  t o  t h e  s t h  a r e a :  

where  { B ~ )  i s  t h e  se t  of  r e s e a r c h  s u b j e c t  numbers t h a t  b e l o n g  

t o  t h e  r t h  a r e a  and r , s  = m. 
To s t u d y  s p e c i f i c a l l y  t h e  e x t e r n a l  l i n k s  among t h e  13 can-  

cer r e s e a r c h  a r e a s  l i s t e d ,  t h e  d i a g o n a l  e l e m e n t s  gy ,  (i = m) 
I I 

were d i s r e g a r d e d .  I n  o r d e r  t o  e s t a b l i s h  " e q u a l i t y "  among re- 
s e a r c h  a r e a s ,  t h e  m a t r i x  o f  a r c  w e i g h t s  o f  g r a p h  G" was s t a n -  
d a r d i z e d  i n  o n e  o f  two ways: 

h 9:. 
I I  - g i j  - n 100 

A f t e r  s t a n d a r d i z a t i o n ,  t h e  e l e m e n t  G l j  becomes e q u a l  t o  t h e  

p e r c e n t a g e  o b t a i n e d  by comparing t h e  number o f  c i t a t i o n s  by pub- 
l i c a t i o n s  on t h e  i t h  a r e a  f rom p u b l i c a t i o n s  r e l a t e d  t o  t h e  j t h  
a r e a  w i t h  t h e  t o t a l  number o f  a l l  c i t a t i o n s  by p u b l i c a t i o n s  on 
t h e  i t h  a r e a .  

It s h o u l d  b e  n o t e d  t h a t  i n  s t a n d a r d i z a t i o n ,  E q u a t i o n  ( 2 )  
d i s r e g a r d s  c i t a t i o n s  by p u b l i c a t i o n s  on t h e  i t h  a r e a  from pub- 
l i c a t i o n s  r e l a t e d  t o  t h e  i t h  a r e a .  



PROCEDURE FOR AGGREGATING THE GRAPH OF INFORMATION LINKS 

A s u i t a b l e  t e c h n i q u e  f o r  s o l v i n g  t h e  s t a t e d  problem i s  t h e  
graph  approximat ion  method [6]. The aim of t h i s  method i s  t o  
c r e a t e  a  c o n c i s e ,  agg rega t ed  d e s c r i p t i o n  o f  t h e  main i n t e r l i n k -  
age  f low p a t t e r n  among e l emen t s  o f  t h e  g iven  sys tem i n  t h e  form 
of a  s m a l l  number, ko, of b l o c k s ,  i . e . ,  l i s t s  which c o n s i s t  o f  

t h e s e  e l emen t s .  The i n t e r l i n k a g e  s t r u c t u r e  among t h e s e  l i s ts  i s  
g i v e n  by a  " sma l l "  g raph  r w i t h  ko v e r t i c e s .  H e r e  t h e  e l emen t s  

c o n t a i n e d  i n  t h e  b l o c k s  a r e  g e n e r a l l y  n o t  j u s t  a  r eg roup ing  of 
t h e  i n i t i a l  se t  of  sys tem e l emen t s .  

L e t  1 gii 1 1  be  a  m a t r i x  o f  l i n k s  ( i . e .  i n t e r r e l a t i o n s h i p s )  

among n  r e s e a r c h  a r e a s  w i t h  numbers from t h e  s e t  I = { 1 , .  . . , n )  . 
( A s  such  a  m a t r i x  w e  may u s e ,  f o r  example, t h e  c i t a t i o n  f l ow  
r a t e  m a t r i x  G".) Le t  R = {R1, ..., be  t h e  set  of  l i s t s .  To t h e  

se t  R co r r e sponds  t h e  d i s t r i b u t i o n  of e l emen t s  i E I  f o r  ko l i s t s  - 
R ( p  = l l k o )  . T h i s  d i s t r i b u t i o n  may a l s o  b e  set  u s ing  a  ( n  x k )  

P  
b i n a r y  m a t r i x  0 = 1 1 0 .  ) I  such  t h a t  

1P 

where 

i = =  and p = l , k  
0 .  

I f  t h e  s e t  of l i s ts  R and t h e  graph  r ,  which de t e rmines  t h e  
s t r u c t u r e  of l i n k s  among t h e  l i s t s ,  a r e  q iven  (g r aph  r be ing  r ep -  

r e s e n t e d  by i t s  ad j acency  m a t r i x  1 1  y 1 1  ko)  , w e  can  c o n s t r u c t  t h e  
Pq 

approximat ing  m a t r i x  ( g r aph )  E l  u s i n g  t h e  a g g r e g a t i o n  t e c h n i q u e  - 
d e s c r i b e d  i n  [6]. For  i , j  = 1,n: 



where C i s  t h e  a v e r a g e  " l i n k a g e "  magni tude  o f  e l e m e n t s  o f  l i s t  
Pq 

R t o  e l e m e n t s  o f  l i s t  R i . e .  
P  q '  

The q u a l i t y  o f  a p p r o x i m a t i o n  i s  e v a l u a t e d  h e r e  by t h e  
c r i t e r i o n :  

A l g o r i t h m s  f o r  l o c a l  o p t i m i z a t i o n  o f  t h i s  c r i t e r i o n  a r e  
g i v e n  i n  [ 7 ] .  T h e r e  it i s  a l s o  shown t h a t  t h e  d i s t r i b u t i o n  o f  
e l e m e n t s  i n  t h e  l i s t s - - a  d i s t r i b u t i o n  c o r r e s p o n d i n g  t o  a n  ex- 
treme v a l u e  o f  c r i t e r i o n  I--is s u c h  t h a t  l i n k a g e s  among t h e  
e l e m e n t s  o f  any p a i r  of  l i s t s  j o i n e d  by a n  a r c  o f  g r a p h  r ,  have  
a  "un i fo rm"  magni tude  which i s  c l o s e  t o  t h e  magni tude  o f  t h e  
a v e r a g e  l i n k a g e  among e l e m e n t s  form t h i s  p a i r  o f  l i s ts .  

EXPERIMENTAL TRIAL OF THE PROPOSED METHOD 

The method d e s c r i b e d  above  o f  r e v e a l i n g  t h e  main l i n k s  
among r e s e a r c h  a r e a s  was v e r i f i e d  by a n a l y z i n g  t h e  s t r u c t u r e  
o f  i n f o r m a t i o n  l i n k s  amonq t h e  main a r e a s  i n  c a n c e r  r e s e a r c h .  

AS i n i t i a l  d a t a ,  t h e  (13 x 1 3 )  m a t r i x  ) ( g .  . Ill3 of  t h e  g r a p h  G " ,  
1 7  

i .e .  a r c  w e i g h t s  o f  t h e  c i t a t i o n  g r a p h  G "  ( F i g u r e  2 )  was used .  
How t h e  g r a p h  G" was formed h a s  been  a l r e a d y  d e s c r i b e d .  

The f a c t  t h a t  55 p e r c e n t  o f  a l l  l i n k s  be longed  t o  t h e  d i a g -  
o n a l  e l e m e n t s  may b e  s e e n  a s  a n  i n d i c a t i o n  of  t h e  " r e p r e s e n t a -  
t i v e "  n a t u r e  o f  t h e  i n i t i a l  d a t a .  T h i s  f a c t  i s  i n  a c c o r d  w i t h  
t h e  view t h a t  t h e  r e s e a r c h  prob lems  t h e m s e l v e s  a r e  subsys tems  
o f  c l o s e l y  i n t e r r e l a t e d  s u b j e c t s  i n  a  g e n e r a l  sys tem o f  i n f o r -  
m a t i o n  l i n k s .  

At t h e  same t i m e  ( a s  may b e  s e e n  from F i g u r e  2 ) ,  a  s u b s t a n -  
t i a l  p e r c e n t a g e  o f  t h e  t o t a l  number of  c i t a t i o n s - - a b o u t  4 5  p e r -  
c e n t - - i n v o l v e s  p u b l i c a t i o n s  r e l a t e d  t o  " e x t e r n a l "  a r e a s .  Thus 
by r e v e a l i n g  b a s i c  f l o w  p a t t e r n s  f o r  c i t a t i o n s  among a r e a s  w e  
can  d e t e r m i n e  i n f o r m a t i o n  l i n k s  t h a t  p l a y  a n  e s s e n t i a l  r o l e  i n  
t h e  g e n e r a l  sys tem o f  c a n c e r - r e l a t e d  r e s e a r c h .  



Figure 2. Arc wcigllts of citation graph G". 

The s t r u c t u r e  o f  m a t r i x  Ilg,, ) I 1  was a n a l y z e d  by means o f  

t h e  a g g r e g a t i o n  method a l r e a d y  Agscr ibed .  I n  t h i s  o p e r a t i o n ,  
t h e  s t r u c t u r e  o f  g r a p h  r was n o t  se t  a  p r i o r i ;  i n s t e a d ,  t h e  
c o m p l e t e  g r a p h  was used :  

The i n i t i a l  m a t r i x  was s t a n d a r d i z e d  a c c o r d i n g  t o  Equa t ion  
( 2 ) .  The number o f  b l o c k s  ( l i s t s ) ,  k o t  was se t  a s  e q u a l  t o  3 ,  

i . e .  ko = 3. The r e s u l t s  o f  t h e  e x p e r i m e n t  a r e  shown i n  F ig-  

u r e  3. The name of  a  b l o c k  c o r r e s p o n d s  t o  t h e  " i d e a "  common 
t o  t h e  a r e a s  i n c o r p o r a t e d  w i t h i n  it. So t h e  b l o c k  " c l i n i c s  and 
e x p e r i m e n t "  i n c l u d e s  t h e  a r e a s :  X - s u r g i c a l  t r e a t m e n t ;  IX-exper- 
i m e n t a l  and c l i n i c a l  chemotherapy;  XI - rad iob io logy  and r a d i a t i o n  
t h e r a p y ;  X I I I - s c i e n t i f i c  p r i n c i p l e s  i n  t h e  o r g a n i z a t i o n  o f  t h e  
f i g h t  a g a i n s t  c a n c e r ;  V I I I - m a l i g n a n t  tumor d i a g n o s t i c s ;  IV-radi-  
a t i o n  c a r c i n o g e n e s i s ;  111-chemical  c a r c i n o g e n e s i s .  The b l o c k  
" t h e o r e t i c a l  r e s e a r c h "  i n c l u d e s :  I - b i o l o g y  and b i o c h e m i s t r y  
o f  t h e  c a n c e r  c e l l ;  1 1 - v i r a l  c a r c i n o g e n e s i s ;  111-chemical c a r -  
c i n o g e n e s i s ;  VI-mutual i n t e r r e l a t i o n s h i p  o f  tumor and organism; 
XII-epidemiology and c a n c e r  s t a t i s t i c s .  



Figu re  3  shows o n l y  t h o s e  i n t e r -b lock  l i n k s  t h e  magnitude 

of which exceeds t h e  t h r e s h o l d  CO = 10. The numbers nea r  t h e  
arrows r e p r e s e n t  t h e  ave rage  "magnitude of  l i nkage"  of t h e  a r e a s  
of  one block t o  t h e  a r e a s  of ano the r  block.  Thus, t h e  number 
18 above t h e  arrow p o i n t i n g  from block  B t o  b lock  C means t h a t  
on t h e  ave rage ,  18 p e r c e n t  of  a l l  " e x t e r n a l "  c i t a t i o n s  i n  pub- 
l i c a t i o n s  r e l a t e d  t o  t h e  a r e a s  inc luded  i n  t h e  b lock  ' t h e o r e t i -  
c a l  r e s e a r c h "  r e f e r r e d  t o  p u b l i c a t i o n s  on a r e a  V-tumor immunol- 
ogy; a lmost  t h e  same percentage  r e f e r r e d  t o  p u b l i c a t i o n s  on 
a r e a  1 1 - v i r a l  c a r c i n o g e n e s i s .  A s  is  appa ren t  from F i g u r e  3,  t h e  
mac ros t ruc tu re  of  t h e  system of i n t e r r e l a t i o n s h i p s  ( t h e  " l i n k -  
age  sys tem")  of t h e  r e s e a r c h  a r e a s  l i s t e d  i s  d e s c r i b e d  b a s i c a l l y  
by t h r e e  f low p a t t e r n s  f o r  c i t a t i o n s :  c i t a t i o n  of p u b l i c a t i o n s  
r e l a t e d  t o  t h e  block " t h e o r e t i c a l  r e s e a r c h "  by p u b l i c a t i o n s  on 
t h e  b lock  " c l i n i c s  and exper iment" ,  and c i t a t i o n  by p u b l i c a t i o n s  
r e l a t e d  t o  both  t h e s e  b locks  from p u b l i c a t i o n s  on a r e a s  V and 
I1 r e s p e c t i v e l y .  

Figure 3. Macrostructure of a linkage system. 
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The v a l i d i t y  o f  t h i s  c o n c l u s i o n  may b e  checked by conduc t -  
i n g  a n  ana logous  a n a l y s i s  o f  t h e  g r a p h s  o f  i n f o r m a t i o n  i n t e r -  
l i n k a g e  u s i n g  o t h e r  i n i t i a l  d a t a ,  f o r  example t h o s e  compiled 
by d i r e c t  e x p e r t  a s s e s s m e n t .  N e v e r t h e l e s s ,  t a k i n g  i n t o  a c c o u n t  
t h e  p r e s e n t  s t a t e - o f - t h e - a r t  i n  c a n c e r  r e s e a r c h ,  t h e  r e s u l t  
o b t a i n e d  may b e  r e c o g n i z e d  a s  a  b a s i s  f o r  d e s c r i b i n g  t h e  s t r u c -  
t u r e  o f  i n f o r m a t i o n  l i n k s  among t h e  main r e s e a r c h  a r e a s  i n  t h i s  
f i e l d  o f  m e d i c a l  s c i e n c e .  

I n  c o n c l u s i o n ,  w e  s h o u l d  n o t e  t h a t  t h e  r e s u l t s  o f  t h i s  ex-  
p e r i m e n t  a g r e e  w e l l  w i t h  t h e  c l a s s i f i c a t i o n  scheme of  t h e  I n t e r -  
n a t i o n a l  Cancer Research  Data  Bank Program of  t h e  U . S .  N a t i o n a l  
Cancer  I n s t i t u t e  [8, 91 , which d i v i d e s  t h e  a r e a s  o f  c a n c e r  re- 
s e a r c h  i n t o  t h r e e  c a t e g o r i e s  i n  s o r e w h a t  t h e  same manner.  
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Appendix 

L i s t  o f  t h e  most i m p o r t a n t  ontological r e s e a r c h  a r e a s ,  
compi led  by t h e  S c i e n t i f i c  C o u n c i l  f o r  Cancer  R e s e a r c h  o f  t h e  
P r e s i d i u m  of  t h e  USSR Academy o f  Medica l  S c i e n c e s  : 

I - Bio logy  and b i o c h e m i s t r y  o f  t h e  c a n c e r  c e l l ;  

11 - V i r a l  c a r c i n o g e n e s i s ;  

I11 - Chemical  c a r c i n o g e n e s i s ;  

I V  - R a d i a t i o n  c a r c i n o g e n e s i s ;  

V - Tumor immunology; 

V I  - Mutual i n t e r r e l a t i o r l s h i p  o f  tumor and o rgan i sm;  

V I I  - Morphology o f  tumors ;  

V I I I  - M a l i g n a n t  tumor d i a g n o s t i c s ;  

I X  - E x p e r i m e n t a l  and c l i n i c a l  chemotherapy;  

X - S u r g i c a l  t r e a t m e n t ;  

X I  - R a d i o b i o l o g y  and r a d i a t i o n  t r e a t m e n t :  

X I 1  - Epidemiology and c a n c e r  s t a t i s t i c s ;  

X I 1 1  - S c i e n t i f i c  p r i n c i p l e s  i n  t h e  o r g a n i z a t i o n  of t h e  
f i g h t  a g a i n s t  c a n c e r .  





Analys is  of  a Graph of  C i t a t i o n s  

I n  Cancer Research L i t e r a t u r e  

L.I.  Borodkin, I.B. Muchnik, and A.S. Raben 

P u b l i c a t i o n s  [1 ,2 ]  d e a l  w i t h  t h e  f e a s i b i l i t y  o f  developing  
a n  i n t e r n a t i o n a l  long-term cancer  r e s e a r c h  program.* The f i r s t  
s t a g e  i n  such a program should be t h e  implementat ion of a can- 
c e r  informat ion  s e r v i c e .  I n  t h i s  s e r v i c e ,  an  e s s e n t i a l  r o l e  is  
played by a system f o r  t h e  s e l e c t i v e  d i s semina t ion  o f  informa- 
t i o n  (S-SDI), t h e  main f u n c t i o n  of  which is  purpos ive  informa- 
t i o n  exchange among program p a r t i c i p a n t s  who work on c l o s e l y  
r e l a t e d  r e s e a r c h  problems. The d a t a  base of an S-SDI should 
r e g u l a r l y  r e c e i v e  p a r t i c i p a n t s '  r e s e a r c h  r e p o r t s  a s  w e l l  a s  
a b s t r a c t s  and summaries o f  t h e s e  r e p o r t s .  The system then  reg-  
u l a r l y  sends  o u t  b u l l e t i n s  a p p r o p r i a t e  t o  p a r t i c i p a n t s '  a r e a  
o f  r e s e a r c h ,  c o n t a i n i n g  t h e  t i t l e s  and a b s t r a c t s  of r e s e a r c h  
r e p o r t s  t h a t  have been r ece ived .  (On r e q u e s t ,  a p a r t i c i p a n t  
may be s e n t  t h e  complete t e x t  o f  a r e p o r t . )  There a r e  about  
15 such b u l l e t i n s ,  each  assembling in fo rma t ion  from one of  t h e  
b a s i c  r e s e a r c h  a r e a s  of  t h e  program and t h e i r  c o n t e n t s  may p a r t -  
1 y ove r l ap .  

To in t roduce  t h i s  system f o r  cance r  r e s e a r c h ,  it i s  pro- 
posed t o  u s e  t h e  l i s t  of t h e  main cance r  r e s e a r c h  a r e a s  compiled 
by t h e  S c i e n t i f i c  Council  f o r  Cancer Research of t h e  Presidium 
of t h e  USSR Academy of Medical Sc i ences .  This  l i s t  c o n t a i n s  
13 r e s e a r c h  areas** each  of which c o n s i s t s  of  about  10 suba reas  
c a l l e d  "subjec tsw--1  21 r e s e a r c h  s u b j e c t s  i n  a l l .  

An impor tant  s t a g e  i n  developing  3 S-SDI i s  t h e  a n a l y s i s  
o f  i n t e r r e l a t i o n s h i p s  and i n t e r c o n n e c t i o n s  among elements  o f  
t h i s  l ist .  The purpose of t h i s  a n a l y s i s  i s  t o  de termine  t h e  
deg ree  o f  autonomy of r e s e a r c h  s u b j e c t s  w i t h i n  each  o f  t h e  13 
r e s e a r c h  a r e a s .  I f  r e s e a r c h  s u b j e c t s  w i t h i n  i n d i v i d u a l  a r e a s  
a r e  s t r o n g l y  r e l a t e d  t o  one ano the r ,  wh i l e  s u b j e c t s  from d i f f e r -  
e n t  a r e a s  a r e  weakly i n t e r r e l a t e d ,  t hen  a S-SDI can  be based 
d i r e c t l y  on t h e  l i s t .  Otherwise,  t h e  problem a r i s e s  of bu i ld -  
ing  up new b locks  ( l i s ts)  o f  r e s e a r c h  a r e a s  w i t h i n  each of  which 
t h e  d a t a  r e l e v a n t  t o  a p a r t i c u l a r  i n fo rma t iona l  p r o f i l e  must be 
c i r c u l a t e d .  

- 

*See a l s o  D.D.  Venedictov, e t  a l . ,  Development o f  a Long-Term 
Program f o r  I n t e r n a t i o n a l  Coopera t ion  i n  Cancer Research,  i n  
t h i s  volume. 

**See L.I .  Borodkin, e t  a l . ,  Appendix 1 ,  i n  t h i s  volume. 



One of  t h e  b e s t  i n d i c a t o r s  of t h e  d e g r e e  t o  which t h e  ele- 
ments  o f  a  l i s t  a r e  i n t e r r e l a t e d  i s  t h e  f r e q u e n c y  w i t h  which 
p u b l i c a t i o n s  on p a r t i c u l a r  s u b j e c t s  ( o r  a r e a s )  a r e  c i t e d  by 
p u b l i c a t i o n s  on o t h e r  s u b j e c t s  ( o r  a r e a s )  [ 3 ] .  I f  t h e  main 
f l o w  o f  c i t a t i o n s  from p u b l i c a t i o n s  on a  g i v e n  r e s e a r c h  a r e a  
i s  d i r e c t e d  toward o t h e r  p u b l i c a t i o n s  i n  t h e  same a r e a ,  t h i s  
a f f i r m s  t h e  "autonomy" o f  t h e  a r e a  concerned  and p e r m i t s  i t s  
u s e  a s  o n e  o f  t h e  b l o c k s  i n  a  S-SDI. 

T h i s  paper  p r e s e n t s  a  method f o r  t e s t i n g  whe ther  o r  n o t  t h e  
above  a s s u m p t i o n s  r e g a r d i n g  t h e  autonomy o f  s c i e n t i f i c  r e s e a r c h  
a r e a s  a r e  t r u e .  A s  i n i t i a l  d a t a  c h a r a c t e r i z i n g  t h e  e x t e n t  t o  
which r e s e a r c h  s u b j e c t s  ( a r e a s )  a r e  i n t e r r e l a t e d ,  it is  proposed 

t o  u s e  a  g r a p h  o f  c i t a t i o n s  GO. T h i s  g r a p h  i n d i c a t e s ,  f o r  a  
se t  o f  1620 p u b l i c a t i o n s  s e l e c t e d  by e x p e r t s  a s  r e p r e s e n t a t i v e  
o f  t h e  g i v e n  l i s t  o f  13 r e s e a r c h  a r e a s  and 121 s u b j e c t s ,  whe ther  
o r  n o t  any o f  t h e s e  p u b l i c a t i o n s  have  been c i t e d  by o t h e r  pub- 
l i c a t i o n s  o f  t h e  same set .  The method f o r  fo rming  t h i s  g r a p h  
is  d e s c r i b e d  e l s e w h e r e  i n  t h i s  volume,* a l o n g  w i t h  a  t e c h n i q u e  
f o r  c o m p i l i n g  g r a p h  G I  showing t h e  f l o w  r a t e  f o r  c i t a t i o n s  among 
r e s e a r c h  s u b j e c t s  ( t h i s  g r a p h ,  n a t u r a l l y ,  h a s  121 v e r t i c e s )  and 
g r a p h  GI' showing t h e  f l o w  r a t e  f o r  c i t a t i o n s  among t h e  1 3  re- 
s e a r c h  a r e a s .  Borodkin,  e t  a l . *  ( F i q u r e  2 )  show t h e  (13 x 1 3 )  

m a t r i x  1 1  giq (113 o f  t h e  a r c  w e i g h t s  o f  g r a p h  GI1.  

A n a l y s i s  o f  t h e  d e g r e e  o f  autonomy o f  r e s p e c t i v e  r e s e a r c h  
a r e a s  i s  done  by c o m p i l i n g  (on t h e  b a s i s  o f  t h e  g r a p h  o f  c i t a -  

t i o n s  GO)  13 new " i n d e p e n d e n t "  a r e a s  and comparing t h e s e  w i t h  
t h e  g i v e n  o n e s .  Some p r e l i m i n a r y  c o n c l u s i o n s  r e g a r d i n g  t h e  
d e g r e e  o f  autonomy en joyed  by d i f f e r e n t  a r e a s  may b e  drawn by 
a n a l y z i n g  t h e  f l o w  r a t e s  f o r  c i t a t i o n s  among t h e  a r e a s  a s  i n d i -  
c a t e d  by g r a p h  G". Even manual a n a l y s i s  o f  t h i s  m a t r i x  s t r u c -  
t u r e  shows t h a n  i n  10 of  t h e  13 rows t h e  maximal e l e m e n t s  a r e  
t h e  d i a g o n a l  ones .  Moreover,  i n  n i n e ,  t h e  d i a g o n a l  e l e m e n t s  
a r e  more t h a n  t h e  sum of  a l l  t h e  r e m a i n i n g  e l e m e n t s  o f  t h e  c o r -  
r e s p o n d i n g  row. F i f t y - f i v e  p e r c e n t  o f  a l l  t h e  c i t a t i o n s  a r e  
c o n n e c t e d  w i t h  t h e  13 d i a g o n a l  e l e m e n t s .  T h i s  a l l o w s  u s  t o  con- 
c l u d e  t h a t  t h e  main c i t a t i o n  f l o w s  a r e  among p u b l i c a t i o n s  on t h e  
same a r e a s  and t h a t  t h e  o r i g i n a l  l i s t  of  13 a r e a s ,  i n  f a c t ,  
i d e n t i f i e s  g r o u p s  o f  r e s e a r c h  problems whose s u b j e c t s  a r e  most  
i n t e r r e l a t e d  w i t h  o n e  a n o t h e r  ( i n  t e r m s  o f  c i t a t i o n  r a t e s ) .  

Some o f  t h e  a r e a s  o f  t h e  o r i g i n a l  l i s t ,  however ( 1 1 - v i r a l  
c a r c i n o g e n e s i s ,  VI-mutual i n t e r r e l a t i o n s h i p  o f  tumor and orga-  
nism,  VII-morphology o f  t u m o r s ) ,  a r e  d i s t i n c t i v e  i n  t h a t  t h e i r  
p u b l i c a t i o n s  c i t e  c h i e f l y  p u b l i c a t i o n s  o f  t h e  two a r e a s ,  V-tumor 
immunology and I - b i o l o g y  and b i o c h e m i s t r y  o f  t h e  c a n c e r  c e l l .  

*L.I. Borodkin,  e t  a l . ,  i n  t h i s  volume. 



The a r e a  c i t a t i o n  g r a p h  G" i s  u s e f u l  i n  a n a l y z i n g  t h e  
d e g r e e  o f  autonomy o f  a n  a r e a  as a whole .  However, s u b j e c t s  
b e l o n g i n g  t o  o n e  a n d  t h e  same r e s e a r c h  a r e a  may s u b s t a n t i a l l y  
d i f f e r  f rom o n e  a n o t h e r  i n  t e r m s  o f  t h e i r  c o n t r i b u t i o n  t o  t h a t  
a r e a ' s  autonomy, i . e .  c e r t a i n  s u b j e c t s  r e p r e s e n t e d  by a  com- 
p a r a t i v e l y  l a r g e  number o f  c i t a t i o n s  may i n  f a c t  be  c h a r a c t e r -  
i z e d  by t h e i r  h i g h  d e g r e e  o f  i n t e r - l i n k a g e  w i t h  o t h e r  s u b j e c t s  
o f  t h e  same a r e a ,  whereas  o t h e r  s u b j e c t s  i n  t h e  same a r e a  r e p -  
r e s e n t e d  by  a  s m a l l  number o f  c i t a t i o n s  may have  t i e s  w i t h  
s u b j e c t s  i n  some o t h e r  a r e a .  T h i s  i s  why a n  a r e a  which i s  
q u i t e  h e t e r o g e n e o u s  may a t  t h e  same t i m e  be  c h a r a c t e r i z e d  a s  
autonomous o n  t h e  b a s i s  o f  g r a p h  G". 

To d e a l  w i t h  t h i s  p e c u l i a r i t y ,  w e  s h o u l d  a n a l y z e  t h e  sub- 
j e c t  c i t a t i o n  shown i n  g r a p h  G I .  Here a n  a d e q u a t e  t e c h n i q u e  
f o r  s o l v i n g  t h i s  problem i s  t h e  g r a p h  a p p r o x i m a t i o n  method [ 4 ] .  
However, t a k i n g  i n t o  a c c o u n t  t h e  l a r g e  dimensions--121 x 121-- 
o f  g r a p h  G ' ,  it i s  n e c e s s a r y  t o  employ a  method f o r  a g g r e g a t i n g  
l a r g e  l i n k a g e  m a t r i c e s  [ 5 ] ,  t o  r e d u c e  t h e  number o f  computa- 
t i o n s .  T h i s  method u s e s  d e s c r i p t i o n  o f  a g r a p h  a p p r o x i m a t i o n  
c r i t e r i o n  [4]  i n  t h e  s p e c i a l  c a s e  when a  c r i t e r i o n  o p t i m i z a t i o n  
p rob lem i s  s o l v e d  by r e g r o u p i n g  a n  i n i t i a l  set o f  e l e m e n t s .  

I n  [ 5 ] ,  it i s  proposed  t o  u s e  t h i s  r e p r e s e n t a t i o n  o f  a n  
a p p r o x i m a t i o n  c r i t e r i o n  a l s o  i n  t h e  g e n e r a l  c a s e  when a n  a g g r e -  
g a t i o n  problem i s  s o l v e d  by a n  a r b i t r a r y  set o f  e l e m e n t  b l o c k s  
( o r  new a r e a s )  t h a t  d o e s  n o t ,  i n  g e n e r a l ,  a p p e a r  t o  b e  a  re- 
g r o u p i n g  o f  t h e  i n i t i a l  e l e m e n t  set .  E lements  t h a t  have n o t  
b e e n  i n c l u d e d  by t h e  o p t i m i z a t i o n  a l g o r i t h m  i n  a n y  b l o c k  ( o r  
new a r e a )  are i n c l u d e d  i n  a  s p e c i a l  b l o c k  whose l i n k s  w i t h  
o t h e r  b l o c k s  a r e  " p e n a l i z e d " .  ( I n  t h i s  " p e n a l t y "  b l o c k  s h o u l d  
b e  i n c o r p o r a t e d  " i s o l a t e d "  e l e m e n t s  t h a t  a r e  v e r y  weakly l i n k e d  
w i t h  a l l  o t h e r  e l e m e n t s . )  

Thus t h e  problem o f  l i n k a g e  g r a p h  a g g r e g a t i o n  r e d u c e s  t o  
t h e  problem of  m i n i m i z i n g  t h e  c r i t e r i o n  

where  

ko = number o f  b l o c k s ;  

i- = / I  yPqll k0 i s  t h e  g r a p h  t h a t  a s s i g n s  t h e  a g g r e -  
g a t e d  l i n k  s t r u c t u r e  among ko b l o c k s ;  

N = number of  e l e m e n t s  i n  t h e  p t h  b l o c k ,  
p  - 

O,ko; 



C = magni tude  o f  a v e r a g e  l i n k a g e  from t h e  
pq e l e m e n t s  o f  t h e  p t h  b l o c k  t o  t h e  ele- 

ments  o f  t h e  q t h  b l o c k ;  

a = p e n a l t y  v a l u e ;  

t h e  i n d e x  "0" d e n o t e s  v a r i a b l e s  which r e l a t e  t o  t h e  supplementa ry  
" p e n a l t y "  b l o c k .  

I n  t h e  g i v e n  c a s e ,  t h e  problem o f  a g g r e g a t i n g  t h e  g r a p h  G' 
i s  t a n t a m o u n t  t o  c o m p i l i n g  13 autonomous l i s t s  ( b l o c k s )  o f  
r e s e a r c h  s u b j e c t s ,  i. e. t h e  c r i t e r i o n  b e i n g  maximized is  

T a b l e  1  shows a  d i s t r i b u t i o n  o f  s u b j e c t s  a c r o s s  13 l i s ts  
t h a t  c o r r e s p o n d s  t o  a  l o c a l  maximum o f  c r i t e r i o n  J .  The l a s t  
row o f  t h e  t a b l e  c o n t a i n s  t h o s e  s u b j e c t s  t h a t  were  n o t  i n c l u d e d  
i n  a n y  of t h e  13 l is ts .  

T a b l e  2  c o n t a i n s  d a t a  on which s u b j e c t s  from e a c h  of  t h e  
o r i g i n a l  1 3  a r e a s  a r e  p l a c e d  i n  e a c h  of  t h e  new 1 3  l i s ts  (new 
a r e a s )  compiled by t h e  a l g o r i t h m . *  

A s  o n e  c a n  see i n  T a b l e  2 ,  f o r  e a c h  a r e a  o f  t h e  o r i g i n a l  
l i s t  e x c e p t  X I 1 1  ( s c i e n t i f i c  p r i n c i p l e s  i n  t h e  o r g a n i z a t i o n  o f  
t h e  f i g h t  a g a i n s t  c a n c e r )  t h e  f o l l o w i n g  h o l d s  t r u e :  n e v e r  few- 
er  t h a n  h a l f  t h e  s u b j e c t s  i n  any  a r e a  a r e  i n c l u d e d  i n  any o n e  
o f  t h e  1 3  l is ts .  T h i s  shows t h a t  t h e n s u b j e c t s  a r e  n o t  s c a t t e r e d  
t h r o u g h o u t  t h e  new l i s ts ,  b u t  a r e  c o n c e n t r a t e d  i n  such  a  way 
t h a t  t h e  " k e r n e l "  o f  any one  o r i g i n a l  a r e a  a p p e a r s  i n  one  o f  t h e  
newly compi led  1 3  l is ts .  

F o r  i n s t a n c e ,  i n  l i s t  I ( b i o l o g y  and b i o c h e m i s t r y  o f  t h e  
c a n c e r  c e l l )  t h e  " k e r n e l "  o f  t h e  new l i s t  i n c l u d e s  s e v e n  t o  t h e  
e i g h t  o r i g i n a l  s u b j e c t s .  I n  l i s t  V (tumor immunology) t h e  "ker -  
n e l "  i n c l u d e s  9 o f  t h e  12 o r i g i n a l  s u b j e c t s .  L i s t  X I 1  ( e p i d e -  
miology and c a n c e r  s t a t i s t i c s )  i n c l u d e s  s e v e n  o f  t h e  o r i g i n a l  
e i g h t ,  and s o  on.  T h i s  f a c t  is  r e f l e c t e d  by t h e  way i n  which 
t h e  " d i a g o n a l "  s t a n d s  o u t  i n  T a b l e  2. 

I n  t h e  m a j o r i t y  o f  t h e  new l i s ts ,  t h e  " k e r n e l s "  a r e  comple- 
mented by s u b j e c t s  i n t r i n s i c a l l y  l i n k e d  w i t h  them. F o r  i n s t a n c e ,  
i n  l i s t  V a r e  i n c l u d e d ,  i n  a d d i t i o n  t o  t h e  n i n e  " k e r n e l "  sub- 
j e c t s  o f  t h e  o r i g i n a l  a r e a  V (tumor immunology) t h r e e  more ele- 
ments  from t h e  o r i g i n a l  a r e a  I1 ( v i r a l  c a r c i n o g e n e s i s ) .  

*Research  s u b j e c t s  i n  T a b l e s  1 and 2  e a c h  have two i n d i c e s - - t h e  
s e r i a l  number o f  t h e  a r e a  ( f rom t h e  o r i g i n a l  l i s t  o f  1 3 )  t o  
which it b e l o n g s  and i t s  own s u b j e c t  number. F o r  example,  i n -  
d i c e s  V.3 d e n o t e  t h e  t h i r d  s u b j e c t  o f  t h e  f i f t h  a r e a .  



Tab le  1 .  D i s t r i b u t i o n  o f  r e s e a r c h  s u b j e c t s  a cco rd ing  t o  l o c a l  
maximum o f  c r i t e r i o n  J. 

a a 
W U 3  
o m 0  

a  !4 
h rn 

P5 a 
9  m 0 
C U E  

U 0  
- l a c  
m .n 0  
4Ja4J 
0  9  9  
E m m 

I 

8 

2 2 

8 

4 

12 

10 

W .  
0  - 

m m 
h 9 2  
a  0 U 

9 gz 
9  n a  
n  0 -  

4J 
d 9 u )  
m m a  
4 9  
2 8 E 
w c r n  

I 

I I 

II1 

IV 

v 

vI 
* 

List of subjects from original list 
enumerated here to indicate new 
autonomous groupings. 

1.1; 1.2; 1.3; 1.4; 1.6; 1.7; 1.8; V.ll. 

11.2; 11.4; 11.6; 11.7; 11.10; IV.l; IV.5; VI.3; 
VI.7; VI.8; VII.5; VIII.7; VIII.12; IX.19; X.1; X.5; 
X.7; XI.9; XI.10; XIII.3; XIII.4; XIII.9. 

111.2; 111.3; 111.4; 111.6; 111.7; 111.8; 111.9; 
111.10. 

IV.l; IV.3; IV.6; V.10. 

V.l; V.2; V.3; V.4; V.5; V.7; V.8; V.9; V.ll; 11.5; 
11.8: 11.9, 
VI.l; VI.4; VI.5; VI.6; 111.5; IX.2; IX.5; IX.6; 
IX.8; XI.7. 



Table 2 .  D i s t r i b u t i o n  of  s u b j e c t s  from o r i g i n a l  l i s t  among 
newly compiled autonomous groups.  

from o r i g i n a l  S e r i a l  numbers of  newly compiled autonomous 
groups  ( b l o c k s )  . 

I 

I I 

I11 

I v 

V 

VI 

VI I 

VIII 

I X 

X 

XI 

XI I 

XI11 

I 
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1  

I1 

5 

2  

3  

1  

2  

1  

3  

2  

3  

I11 

8 

I 

IV 

3  

XI 

1  

5 

VIII 

6 

IX 

1  

9  

I 

v 

3  

1 9  

1 

1  

1  

1  

1 3  

1 

1  

3 1 4  

XI1 

7 

1 

X 

4  

2  

I 

XI11 

1  

2 

VI 

1 2  

4  

4  

1 1  

VII 

1  

4  



These  e l e m e n t s  a r e  1 1 . 5  ( t h e  mechanisms of  t u m o f a c i e n t  v i r u s e s  
and c e l l s  o n  t h e  m o l e c u l a r  l e v e l ) ,  11 .8  ( v i r a l  d e f e c t i v e n e s s  
and c a r c i n o g e n e s i s ) ,  and 11.9 ( t h e  i n d u c t i o n  mechanism o f  c a r -  
c i n o g e n i c  v i r u s e s  i n  t h e  c e l l ) .  

I n  l i s t  I X  i s  i n c l u d e d ,  i n  a d d i t i o n  t o  n i n e  " k e r n e l "  sub- 
j e c t s  from t h e  o r i g i n a l  a r e a  I X  ( e x p e r i m e n t a l  and c l i n i c a l  
chemotherapy) ,  s u b j e c t  VI.2 (hormones and tumor g r o w t h ) .  

I n  l i s t  I ,  i n  a d d i t i o n  t o  t h e  s e v e n  " k e r n e l "  e l e m e n t s  from 
t h e  o r i g i n a l  a r e a  I ( b i o l o g y  and b i o c h e m i s t r y  o f  t h e  c a n c e r  c e l l ) ,  
s u b j e c t  V. 1 1  ( improving  methods o f  tumor immunodiagnos t ics )  is  
i n c l u d e d .  

I n  l i s t  IV, i n  a d d i t i o n  t o  t h e  " k e r n e l "  e l e m e n t s  f rom t h e  
o r i g i n a l  a r e a  IV ( r a d i a t i o n  c a r c i n o g e n e s i s ) ,  s u b j e c t  V.10 ( i n t e r -  
f e r o n ,  i n t e r f e r o n o g e n e s i s  and c a r c i n o g e n e s i s )  a l s o  a p p e a r s  and 
s o  f o r t h .  

On t h e  o t h e r  hand, a s  c a n  b e  s e e n  from T a b l e  1 ,  n i n e  o f  t h e  
1 3  newly compiled l i s ts  draw more t h a n  o n e  h a l f  o f  t h e i r  sub- 
j e c t s  a r e  from t h e  c o r r e s p o n d i n g  o r i g i n a l  a r e a s .  For example,  
t h e  newly compiled l i s t s  111, V I I I  and X I 1 1  c o n s i s t  o f  s u b j e c t s  
r e l a t e d  s o l e l y  t o  c o r r e s p o n d i n g  o r i g i n a l  a r e a s :  I11 (chemica l  
c a r c i n o g e n e s i s )  , V I I I  ( m a l i g n a n t  tumor d i a g n o s t i c s ) ,  X I 1  (epidemi-  
o l o g y  and c a n c e r  s t a t i s t i c s ) .  F u r t h e r m o r e ,  i n  l i s t  I ,  seven  o f  
i t s  e i g h t  e l e m e n t s  a r e  from t h e  o r i g i n a l  a r e a  I .  I n  l i s t  IV 
a l s o  o n l y  o n e  e l e m e n t  d o e s  n o t  come from t h e  o r i g i n a l  a r e a  IV. 
I n  l i s t  V, n i n e  o f  t h e  12 s u b j e c t s  r e l a t e  t o  t h e  o r i g i n a l  a r e a  
V and s o  f o r t h .  

Note t h a t  o f  t h e  f o u r  l i s ts  ( I I , V I , V I I , X I I I )  where t h i s  
d o e s  n o t  o b t a i n  t h r e e  c o n t a i n  a  " k e r n e l "  of s u b j e c t s  from o n e  
o f  t h e  o r i g i n a l  a r e a s .  These a r e  t h e  b l o c k s  11, VI and V I I .  
L i s t  I1 i n c l u d e s  h a l f  o f  s u b j e c t s  from t h e  o r i g i n a l  a r e a  11, 
l i s t  VI--half of t h o s e  from t h e  o r i g i n a l  a r e a  VI,  and l i s t  VIII--  
f o u r  o f  t h e  s i x  s u b j e c t s  from t h e  o r i g i n a l  a r e a  V I I I .  I t  is  
s i g n i f i c a n t  t h a t  t h e s e  same r e s e a r c h  a reas - -11 ,  V I ,  VII--were 
s i n g l e d  o u t  d u r i n g  an  a n a l y s i s  o f  a  m a t r i x  o f  a r c  w e i g h t s  o f  
g r a p h  G " .  I n  t h i s  m a t r i x ,  t h e  d i a g o n a l  e l e m e n t s  o f  rows c o r -  
r e s p o n d i n g  t o  11, VI,  and V I I  were n o t  maximal, i n  c o n t r a s t  t o  
t h e  d i a g o n a l  e l e m e n t s  o f  t h e  m a t r i x ' s  o t h e r  rows.  

As o n e  c a n  see i n  T a b l e  1 ,  e i g h t  o f  t h e  121 r e s e a r c h  sub- 
j e c t s  a r e  i n c l u d e d  i n  more t h a n  o n e  l i s t  ( b l o c k ) .  According t o  
[I  , 2 ]  * t h e s e  e l e m e n t s  may b e  i n t e r p r e t e d  a s  " p i v o t a l "  r e s e a r c h  

*See a l s o  D.D.  Venedic tov ,  e t  a l . ,  Deve lopmen t  o f  a  Long-Term 
Program f o r  I n t e r n a t i o n a Z  C o o p e r a t i o n  i n  Cancer  R e s e a r c h ,  i n  
t h i s  volume. 



t a s k s  t h a t  p r o v i d e  f o r  t h e  t r a n s f e r  o f  i n f o r m a t i o n  from o n e  
b l o c k  o f  s u b j e c t s  t o  a n o t h e r .  These  a r e :  

- 111.5 Endogenic c a r c i n o g e n s ;  

- 111.9 T r a n s p l a c e n t a l  b l a s t o m o g e n e s i s ;  

- V . l l  Improving methods o f  tumor immunodiagnost ics ;  

- IX.2 The s y n t h e s i s  o f  more e f f e c t i v e  a n a l o g u e s  of 
known a n t i t u m o r  p r e p a r a t i o n s ;  

- IX.9 Methodolog ica l  a s p e c t s  o f  c l i n i c a l  c a n c e r  chemo- 
t h e r a p y ;  

- X.5 S u r g i c a l  methods i n  t h e  comprehens ive  t r e a t m e n t  
o f  c a n c e r ;  

- XI.7 P r e - r a d i a t i o n  p r e p a r a t i o n  o f  o n c o l o g i c a l  p a t i e n t s  
( topomet ry ,  s y n t o p y ,  e t c . ) ;  

- XI.9 The computer i n  r a d i a t i o n  c a n c e r  t h e r a p y .  

To sum u p  t h i s  s h o r t  compar i son  o f  t h e  newly compi led  l i s ts  
o f  autonomous b l o c k s  w i t h  t h e  o r i g i n a l  13 r e s e a r c h  a r e a s ,  we 
n o t e  t h a t  n i n e  o f  t h e  13 b l o c k s  have  t h e  f o l l o w i n g  two p r o p e r t i e s :  

- I n  e a c h  c a s e ,  o v e r  h a l f  t h e i r  r e s p e c t i v e  s u b j e c t s  r e l a t e  
t o  t h e  same o r i g i n a l  a r e a ;  

- Each o f  t h e s e  b l o c k s  may b e  i d e n t i f i e d  w i t h  o n e  o f  t h e  
o r i g i n a l  a reas - -one  which h a s . n o t  less t h a n  h a l f  i t s  
s u b j e c t s  ( t h e  " k e r n e l " )  i n  t h e  c o r r e s p o n d i n g  b l o c k .  

On t h e  b a s i s  o f  t h e s e  f e a t u r e s ,  t h e s e  n i n e  o r i g i n a l  a r e a s  
may b e  c o n s i d e r e d  autonomous. 

It i s  n o t  s o  e a s y  t o  i n t e r p r e t  t h e  c o n t e n t  o f  t h e  remain ing  
a r e a s :  11 ( v i r a l  c a r c i n o g e n e s i s ) ,  V I  (mutua l  i n t e r r e l a t i o n s h i p  
of  tumor and o r g a n i s m ) ,  V I I  (morphology o f  t u m o r s ) ,  X I 1 1  ( s c i e n -  
t i f i c  p r i n c i p l e s  i n  t h e  o r g a n i z a t i o n  o f  t h e  f i g h t  a g a i n s  can-  
c e r ) .  A v a i l a b l e  d a t a  d o  n o t  a l l o w  u s  t o  i n f e r  t h e  autonomy o f  
t h e s e  f o u r  a r e a s .  

I n  c o n c l u s i o n ,  we may c o n s i d e r  a s s u m p t i o n s  c o n c e r n i n g  t h e  
autonomy o f  r e s e a r c h  a r e a s  a s  hav ing  been conf i rmed .  T h i s  is  
t r u e  f o r  9  o u t  o f  1 3  o f  t h e  r e s e a r c h  a r e a s  on t h e  b a s i s  o f  t h e  
c i t a t i o n  f l o w  p a t t e r n  f o r  t h e  e l e m e n t s  l i s t e d .  
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The Work of  t h e  I n t e r n a t i o n a l  Informat ion  O f f i c e  on 

Con t ro l l ed  Therapeut ic  T r i a l s  i n  Cancer 

R.  Flamant, C .  Fohanno, and H .  Sancho 

In  1967, a t  i t s  f i r s t  meeting,  t h e  Committee on Con t ro l l ed  
Therapeut ic  T r i a l s  e s t a b l i s h e d  by t h e  I n t e r n a t i o n a l  Union Agains t  
Cancer ( U I C C )  headed by P ro fes so r  Denoix, dec ided  t o  c r e a t e  a n  
i n t e r n a t i o n a l  informat ion  o f f i c e  on c o n t r o l l e d  t h e r a p e u t i c  t r i a l s  
i n  cance r .  

I n  f a c t ,  because of  t h e  work, t h e  t ime,  and t h e  c o s t  i n -  
volved i n  such t r i a l s  and because of  t h e i r  impor tant  consequences,  
it seemed necessary  t o  c r e a t e  a  d a t a  bank where t r i a l s  i n  pro- 
g r e s s ,  o r  t e rmina ted  b u t  s t i l l  unpubl i shed ,  would be r e g i s t e r e d .  

The Informat ion  O f f i c e  has  s t e a d i l y  developed s i n c e  1968 
when it a c t u a l l y  became o p e r a t i v e .  It  has  r e c e n t l y  been dec ided  
t h a t  it should now develop  on an independent  b a s i s ,  wh i l e  main- 
t a i n i n g  ve ry  c l o s e  r e l a t i o n s  wi th  t h e  Committee on Con t ro l l ed  
Therapeut ic  T r i a l s .  

A d e t a i l e d  d e s c r i p t i o n  of t h e  way t h e  Informat ion  O f f i c e  
works can  be  found i n  t h e  l a t e s t  t e c h n i c a l  r e p o r t  prepared  by 
t h e  Committee on Con t ro l l ed  The rapeu t i c  T r i a l s  [ I ] .  

Data on c u r r e n t ,  o r  t e rmina ted ,  bu t  s t i l l  unpubl i shed ,  
t r i a l s  a r e  c o l l e c t e d  by t h e  C e n t r a l  O f f i c e  which i s  l o c a t e d  a t  
V i l l e j u i f  (F rance ) .  The C e n t r a l  O f f i c e  i s  suppor ted  i n  t h i s  
t a s k  by a  network of 35 corresponding  members from a l l  over  t h e  
world. Every new t r i a l  brought t o  t h e  n o t i c e  of t h e  Informat ion  
O f f i c e  i s  reviewed from a  methodological  p o i n t  of view by a  phy- 
s i c i a n  wi th  a  good knowledge of s t a t i s t i c s .  Following t h i s ,  t h e  
t r i a l s  a r e  recorded and f i l e d  i n  a  c e n t r a l  c a r d  index.  

Once a  year  t h e  c e n t r a l  o f f i c e  w r i t e s  t o  t h o s e  r e s p o n s i b l e  
f o r  t h e  r e g i s t e r e d  t r i a l s  concerning t h e  s t a t u s  of t h e i r  t r i a l s ,  
i . e . ,  i n  p rog res s ,  abandoned, completed, t e rmina ted ,  pub l i shed .  
Table  1  g i v e s  a  summary of  t h e  work of t h e  Informat ion  Of f i ce .  

Seve ra l  u s e s  a r e  made of t h e  c o l l e c t e d  d a t a :  

- Any phys i c i an  p lanning  t o  s t a r t  a  c o n t r o l l e d  t h e r a p e u t i c  
t r i a l  i n  cancer  may apply  t o  t h e  Informat ion  O f f i c e  f o r  
informat ion  on t r i a l s  on s i m i l a r  o r  r e l a t e d  s u b j e c t s .  
He may a l s o  r e f e r  t o  t h e  l i s ts  of  t r i a l s  which a r e  regu- 
l a r l y  publ i shed .  In  t h e s e  l i s t s  t h e  t r i a l s  a r e  c l a s s i -  
f i e d  according  t o  s i t e s ,  and w i t h i n  t h e s e  headings ,  
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a c c o r d i n g  t o  t r e a t m e n t s  t o  b e  compared. I n  a d d i t i o n ,  t h e  
names and a d d r e s s e s  o f  t h o s e  r e s p o n s i b l e  f o r  t h e  t r i a l s  
l i s t e d  a r e  a l s o  p u b l i s h e d .  

- Exchange o f  i n f o r m a t i o n  may f a c i l i t a t e  c o n t a c t s  between 
i n d i v i d u a l s  working i n  t h e  same f i e l d  o f  c a n c e r  r e s e a r c h .  

- P h y s i c i a n s  may a p p l y  t o  t h e  I n f o r m a t i o n  O f f i c e  w i t h  re- 
g a r d  t o  s p e c i a l  m e t h o d o l o g i c a l  problems.  

The problems e n c o u n t e r e d  i n  t h e  r e g i s t e r e d  t r i a l s  c o n s t i t u t e  
v a l u a b l e  m a t e r i a l  f o r  t h e  Committee on  C o n t r o l l e d  T h e r a p e u t i c  
T r i a l s ,  whose main t a s k  i s  t o  endeavor  t o  improve t r i a l  method- 
o l o g y .  

From 1967 t o  1974, t h e  I n f o r m a t i o n  O f f i c e  r e g i s t e r e d  672 
t r i a l s .  The a n a l y s i s  o f  r e g i s t e r e d  t r i a l s  a c c o r d i n g  t o  s i tes  
( T a b l e  2 )  and t o  c o u n t r i e s  ( T a b l e  3 )  g i v e s  i n t e r e s t i n g  in forma-  
t i o n  a s  t o  g e n e r a l  p o l i c y  on  t h e r a p e u t i c  r e s e a r c h  i n  c a n c e r .  

T a b l e  2. Breakdown o f  491 r e g i s t e r e d  t r i a l s  a c c o r d i n g  
t o  si tes.  

Status of the central card index of the 
Information Office on 

Controlled Therapeutic Trials in Cancer (UICC) 

Site Percentage 

Head and neck 6 

Lung 12 

Digestive system 9 

Gynecology 6 

Urological sites 6 

Breast 15 

Skin 4 

Leukemias & Haematosarcomas 3 3 

Bones & soft tissues 2 

Neurology 3 

Miscellaneous 4 



Table  3 .  Breakdown of  491 r e g i s t e r e d  t r i a l s  according  t o  
c o u n t r i e s .  

S taus  of  t h e  c e n t r a l  ca rd  index of  t h e  
Information O f f i c e  on 

Control led Therapeut ic  T r i a l s  i n  Cancer (UICC) 

Country Percentage 

Afr ica :  4 

America : 

Canada 3 
USA 4 4  
Others  ( l e s s  than 10 t r i a l s / c o u n t r y )  1 
Mul t ina t iona l  1 

Asia: 

Japan 7 

Europe: 

Czechoslovakia 2 
France 6 
Great  B r i t a i n  9 
Norway 2 
Poland 2 
Switzer land 2 
USSR 3 
Others  ( l e s s  than  10 t r i a l s / c o u n t r y )  7 
Mul t ina t iona l  (EORTC) 5 

Oceania: 1 

I n t e r n a t i o n a l  (WHO) 1 



The d a t a  made a v a i l a b l e  t o  t h e  In fo rma t ion  O f f i c e  i s  u s e f u l  
t o  t h e  Committee on Con t ro l l ed  The rapeu t i c  T r i a l s  i n  f u l f i l l i n g  
i t s  t a s k  of  a s s e s s i n g  t h e  r o l e  played by c o n t r o l l e d  t h e r a p e u t i c  
t r i a l s  i n  t h e  p rog re s s  of  cance r  t he rapy .  Tab le s  4 and 5 show 
t h e  way t h e  i n fo rma t ion  can  be ana lyzed:  it would seem t o  be 
p a r t i c u l a r l y  impor tan t ,  f o r  example, t o  a s s e s s  n e g a t i v e  o r  uncer-  
t a i n  r e s u l t s ,  mean number of p a t i e n t s  inc luded  i n  t r i a l s ,  mean 
d u r a t i o n  of t r i a l s ,  e t c .  A l l  t h e s e  d a t a  e n a b l e  u s  t o  judge t h e  
impact of  c l i n i c a l  t r i a l s  i n  cance r  t he rapy .  

I n  t h e  f u t u r e ,  t h e  Informat ion  O f f i c e  proposes  t o  improve 
t h e  p rocedures  used s o  f a r .  I n  p a r t i c u l a r ,  it i n t e n d s :  

- To o b t a i n  wider c o l l a b o r a t i o n  i n  t h e  c o l l e c t i o n  of  i n -  
format ion;  

- TO computer ize  t h e  procedure  used h i t h e r t o  f o r  t h e  c l a s -  
s i f i c a t i o n ,  s t o r a g e  and review of i n fo rma t ion ;  

- To improve t h e  d i s t r i b u t i o n  of t h e  r e g i s t e r e d  in fo rma t ion .  

From now on, and provided it i s  g ran t ed  permiss ion  t o  do s o  by 
t h o s e  r e s p o n s i b l e  f o r  t h e  t r i a l s  brought  t o  i t s  n o t i c e ,  t h e  In- 
format ion  O f f i c e  s h a l l  supply  t h e  I n t e r n a t i o n a l  Cancer Research 
Data Bank Program a t  t h e  Nat iona l  Cancer I n s t i t u t e  of  t h e  USA 
w i t h  d a t a  on t h e s e  t r i a l s .  The d a t a  w i l l  be en t e r ed  i n t o  a n  on- 
l i n e  d a t a  base  system c a l l e d  CANCERLINE. On t h e  o t h e r  hand, t h e  
Informat ion  O f f i c e ,  b e s i d e s  t h e  l i s ts  of  t r i a l s  it p u b l i s h e s  reg-  
u l a r l y ,  p l a n s  t o  i n s t i t u t e  and o p e r a t e  a  system of  s e l e c t i v e  
d i s s e m i n a t i o n  of  i n fo rma t ion  about  t r i a l s  r e l a t i n g  t o  c e r t a i n  
s p e c i f i c  s i t e s  o r  t y p e s  of t r e a t m e n t s .  

Tab le  4 .  C l a s s i f i c a t i o n  o f  t h e  r e s u l t s  of  4 7  t r i a l s  r e g i s t e r e d  
a t  t h e  Informat ion  O f f i c e  which have been pub l i shed .  

I. Method (s) on s tudy  a t  l e a s t  p a r t l y  
b e t t e r  than c o n t r o l  method(s)  11 

11. Method(s) on s tudy  i n f e r i o r  t o  
c o n t r o l  method (s) 

111. No d i f f e r e n c e s  between method(s) 
on s tudy  and c o n t r o l  method(s) 21 

I V .  Uncertain conclusions 
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Created  e i g h t  y e a r s  ago and l i m i t e d  t o  a  p r e c i s e ,  s c i e n t i f i c  
a r e a ,  t h i s  Informat ion  O f f i c e  appea r s  t o  be  a  model achievement 
i n  t h e  f i e l d  of  informat ion  and i n t e r n a t i o n a l  coope ra t ion  r e l a t i n g  
t o  on-going r e s e a r c h .  
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Problems of Developing an International 

Automated Information System for Oncology 

A. I. Kitov 

The problem of cancer is one of the most acute in modern 
medicine and an efficient coordination of the efforts of scien- 
tists in different countries is required for its solution. A 
first step in this direction might be the development of an in- 
ternational automated information system for oncology that would 
make it possible to systematize, store and process experimental 
and clinical data relating to the diagnosis and treatment of 
malignant tumors and to bring such information rapidly to the 
attention of scientists and practitioners in different countries. 
Access to a very great deal of information of this kind would 
have the effect of a chain reaction, bringing about deep quali- 
tative changes in the conception of cancer and in fundamental 
discoveries, which in any case never occur in an information 
vacuum. 

THE MAIN PURPOSES OF DEVELOPING AN AUTOMATED INFORMATION SYSTEM 
FOR CANCER 

An important aim is to provide all research workers and 
practitioners in the field with rapid and practical means of 
access to present and future scientific and chemical data on 
oncology. This will be achieved in the following ways: 

1. The time lag between new data being received and be- 
coming generally available will be considerably reduced. At 
present, data become available through the publication of arti- 
cles and the shortest time lag is six months. As the Informa- 
tion-Retrieval System (IRS) develops, they will be available 
for practical use from the time they are received. 

2. New data input and previously stored data will become 
equally accessible to all the scientific and medical institu- 
tions participating in the system, irrespective of the distance 
of these institutions from each other and from information cen- 
ters. 

3. In the course of input, data will be systematized and 
compared with previously stored information by automatic or semi- 
automatic means. It will be stored in the computer memory in a 
form suitable for subsequent generalized output and analysis. 
During this process, all relevant data, irrespective of the date 
or source of information, will be brought together and supple- 
mented with critical or general comments and references to 



i n fo rma t ion  on r e l a t e d  problems. P e r i o d i c a l l y ,  (once a  yea r  o r  
a s  neces sa ry )  t h e  accumulated d a t a  w i l l  be  r e v i s e d  and r e p l a c e d  
by g e n e r a l i z e d  d a t a ,  p r e v i o u s l y  s t o r e d  in fo rma t ion  be ing  t r a n s -  
f e r r e d  i n t o  t h e  f i l e  f o r  long-term s t o r a g e .  

4 .  The language b a r r i e r  t o  t h e  exchange of  s c i e n t i f i c  
and c l i n i c a l  r e s u l t s  between s c i e n t i s t s  and d o c t o r s  i n  d i f -  
f e r e n t  c o u n t r i e s  w i l l  be  e l i m i n a t e d .  The d a t a  i n p u t  and ou tpu t  
would be i n  t h e  form of  s t a n d a r d i z e d  ph ra ses  w i t h  p r e c i s e l y  e s -  
t a b l i s h e d  s e n s e  r e l a t i o n s h i p s  and s y n t a c t i c  s t r u c t u r e s .  Auto- 
m a t i c  indexing  and c t a s s i f i c a t i o n  of d a t a  a r e  q u i t e  f e a s i b l e .  
Relevent  a lgo r i t hms  a l r e a d y  e x i s t .  M u l t i l i n g u a l  t e r m i n o l o g i c a l  
machine d i c t i o n a r i e s  ( t h e s a u r u s )  f o r  oncology can  be  compiled 
i n  p a r a l l e l  w i th  t h e  i n t r o d u c t i o n  of documentat ion.  Compilat ion 
of t h i s  t y p e  of  d i c t i o n a r y  w i l l  a l s o  promote uniform o n c o l o g i c a l  
terminology--an impor tan t  achievement i n  i t s e l f .  

A second aim i s  t o  r e c o r d  o b j e c t i v e l y  and comple te ly  t h e  
c o n t r i b u t i o n s  of eve ry  person  o r  i n s t i t u t i o n  t o  t h e  s o l u t i o n  of 
s c i e n t i f i c  and p r a c t i c a l  problems i n  oncology. A l l  new i n p u t  
d a t a  must be  accompanied by in fo rma t ion  on  t h e  i n p u t  d a t e  and 
t h e  a u t h o r  (person  o r  i n s t i t u t i o n ) .  Data w i l l  always be s t o r e d  
and provided  on r e q u e s t  t o g e t h e r  w i t h  t h i s  in format ion .  General-  
i z e d  d a t a ,  ob t a ined  by ana lyz ing  t h e  i n i t i a l  i n p u t  d a t a ,  w i l l  be  
i n t roduced  i n t o  t h e  system a s  new d a t a ,  t o g e t h e r  w i th  i n fo rma t ion  
abou t  t h e  person  r e s p o n s i b l e  f o r  t h e  g e n e r a l i z a t i o n  and c r i t i c a l  
comment. A f t e r  t h e  i n t r o d u c t i o n  of d a t a  i n t o  t h e  system and a t  
t h e  a u t h o r ' s  r e q u e s t ,  t h e  system can  a u t o m a t i c a l l y  p r i n t  a  " r e -  
c e i p t "  o r  copy of  t h i s  i n p u t  d a t a  showing t h e  i n p u t  d a t e  and a  
s i n g l e  system inven to ry  number. I f  comments ( a p p r e c i a t i o n ,  r e f -  
u t a t i o n  and comparisons)  a r e  r e c e i v e d  r e l a t i n g  t o  t h e  d a t a ,  
t h e  system w i l l  forward them t o  t h e  a u t h o r .  I n  a d d i t i o n ,  t h e  
system w i l l  p r i n t  p e r i o d i c a l l y  ( e .g . ,  once a  y e a r )  summaries o r  
b u l l e t i n s  of  new d a t a  g i v i n g  t h e i r  a u t h o r s h i p  and a n  a p p r a i s a l  
o f  t h e i r  v a l i d i t y ,  nove l ty ,  e t c .  

Th i rd ,  au toma t i c  a n a l y s i s  and g e n e r a l i z a t i o n  of  accumulated 
d a t a  should  be c a r r i e d  o u t .  S ince  a l l  t h e  d a t a  w i l l  be s t o r e d  
i n  t h e  computer memory i n  sys t ema t i zed  and s t a n d a r d i z e d  form 
(by coded ph ra ses ,  t a b l e s ,  d iagrams and o t h e r  means) ,  it w i l l  
be  p o s s i b l e  t o  ana lyze  and g e n e r a l i z e  t h i s  d a t a  a u t o m a t i c a l l y  
u s i n g  s t a t i s t i c a l ,  l o g i c a l  and p a t t e r n  r e c o g n i t i o n  methods, au- 
t o m a t i c  c l a s s i f i c a t i o n  and s o  on. 

A f o u r t h  aim i s  t o  ensu re  t h e  cont inuous  development, re- 
newal and s p e c i f i c a t i o n  of  t h e  o n c o l o g i c a l  i n fo rma t ion  system, 
i . e .  t h a t  t h e  system w i l l  remain a c t i v e  r e g a r d l e s s  o f  t h e  chang- 
i n g  g e n e r a t i o n s  of  s c i e n t i s t s ,  d o c t o r s  and o t h e r s  who c r e a t e  and 
u s e  i t s  informat ion .  

The main p r e r e q u i s i t e  f o r  au tomat ing  t h e  accumula t ion ,  ana l -  
y s i s  and g e n e r a l i z a t i o n  of  f a c t o g r a p h i c  i n fo rma t ion  on oncology 
(and on medic ine  i n  g e n e r a l )  i s  t o  i n t r o d u c e  it i n t o  t h e  com- 
p u t e r  memory i n  a  s t anda rd i zed  form, i . e .  i n  t h e  form o f  p h r a s e s  



of fixed structure and lexicon. The process of recording sci- 
entific information in such a form will probably be carried out, 
as a rule, by specialists. 

The program of the International Cancer Research Data Bank 
(ICRDB) for the organization of an international data bank for 
oncological research, that is being developed by the National 
Cancer Institute of the USA, is of great interest in the devel- 
opment of an international oncological information system. The 
ICRDB program involves recording short reports on the subjects, 
methods and results of work in the field of oncology with de- 
tails of its date and location. 

However, this system is being developed as an information- 
inquiry system; it does not involve the use of any standardized 
language to record factographic information and this would lim- 
it its use in the automatic systematization, analysis and gen- 
eralization of data. But, in view of the scale on which work 
on cancer is being undertaken throughout the world and of the 
complex and lasting nature of the problem, it is worthwhile to 
start from the principle of standardizing factographical medical 
information as a basis on which to develop an international can- 
cer information system in order to make automatic analysis and 
generalization possible. 

In developing the system, it will be essential to make use 
of the considerable experience acquired by the Sabir-C special- 
ized bibliographical cancer information system, developed under 
the direction of M. Wolff-Terroine (France) and G. Wagner (Fed- 
eral Republic of Germany), which has for a number of years sup- 
plied scientists in western European countries with oncological 
information.* The results of analysis of the distribution of 
the literature over various topics, and data about frequency of 
use of descriptors, published by the authors of this system, are 
of great interest. 

The experience of general purpose medical bibliographical 
information systems, such as MEDLARS, EXERPTA MEDICA and others, 
is also of interest. 

However, bibliographical systems cannot provide an effec- 
tive answer to the problems of accumulation and exchange of oncol- 
ogical information outlined above. For this purpose, it is nec- 
essary to have a new type of information system that combines 
the features of the bibliographical and factographical systems. 

In medicine, a semantics for diagnoses, medical comments, 
prescriptions, and so on have been developed over the years and 
are still evolving. The most widely used systems are the inter- 
national classification of diseases, traumas and causes of death 

*For details see G. Wagner in this volume. 



and t h e  American Systematized Nomenclature of  Pathology (SNOP), 
which i s  des igned f o r  t h e  s t o r a g e  and r e t r i e v a l  of  c l i n i c a l  in-  
format ion .  The work on an  automat ic  medical  d i a g n o s i s  indexing  
system c a r r i e d  o u t  by A. P r a t t  i n  t h e  American Nat ional  Heal th  
I n s t i t u e  i s  worth a t t e n t i o n .  

The language used i n  t h e  IRS a t  t h e  C e n t r a l  I n s t i t u t e  o f  
Medical Informat ion  o f  t h e  USSR M i n i s t r y  o f  Heal th  may s e r v e  a s  
an  example of  a formal language which i s  des igned t o  r eco rd  
s e a r c h  p a t t e r n s  f o r  medical  documents. This  language i n c l u d e s  
t h e  l ex i con  ( te rminology)  f o r  a  p a r t i c u l a r  branch of  knowledge 
and a  s e t  o f  e i g h t  s ense  r e l a t i o n s  ( d e f i n i t i o n ,  o b j e c t i v e ,  nega- 
t i v e ,  p r e s c r i p t i o n  o r  purpose,  causa l - tempora l  r e l a t i o n s h i p ,  
con junc t ion ,  d i s j u n c t i o n ,  u s e  of  c o n d i t i o n s  o r  f a c t o r s ) .  A l l  
t h e  words i n  t h i s  language a r e  used i n  on ly  t h r e e  grammatical  
forms: t h e  nominative c a s e  and g e n i t i v e  c a s e  s i n g u l a r ,  and a n  
abbrev ia t ed  a d j e c t i v e  form. The language makes it p o s s i b l e  t o  
r e p r e s e n t  t h e  sea rch  p a t t e r n s  o f  documents i n  ph rases  c o n s t r u c t e d  
w i t h  t h e  u s e  of  t h e  t h r e e  types  o f  word-forms and t h e  e i g h t  s ense  
r e l a t i o n s .  Experience of  indexing documentation i n  medicine and 
b io logy w i t h  t h e  h e l p  of  t h i s  language has  shown t h a t  it i s  
e f f i c i e n t  f o r  b i b l i o g r a p h i c a l  IRS. But t h e  powers of  exp res s ion  
of  t h i s  and o t h e r  known languages a r e  no t  adequate  f o r  au tomat ic  
f a c t o g r a p h i c a l  medical  informat ion  systems (AFMIS). 

AFMIS systems must make it p o s s i b l e  t o  accumulate, system- 
a t i z e ,  g e n e r a l i z e  and r e t r i e v e  t h e  o r i g i n a l  d a t a  i n  d i f f e r e n t  
branches  of  medicine. Such systems a r e  r e q u i r e d  t o  handle t h e  
tremendous amount of  i n v e s t i g a t i o n s ,  o b s e r v a t i o n s  and publ ica-  
t i o n s  i n  t h e  f i e l d  of  oncology t o  meet t h e  needs of  t h e  g r e a t  
number o f  bod ie s  o f  s p e c i a l i s t s ,  i n d i v i d u a l  s c i e n t i s t s  and prac-  
t i t i o n e r s  who a r e  i n t e r e s t e d  i n  t h e  e f f i c i e n t  exchange of  medi- 
c a  1 i n £  ormat ion.  

I n  view of  t h e  i n t e r n a t i o n a l  c h a r a c t e r  of  t h e  new system 
it w i l l  be necessary  t o  u s e  a  m u l t i l i n g u a l  i n p u t  and o u t p u t  
o f  informat ion  w i t h  a  common ( in t e rmed ia ry )  informat ion  l an -  
guage. Informat ion  i n  t h e  computer memory must be  s t o r e d ,  not  
I n  any s p e c i f i c  n a t u r a l  language,  (even i f  it is a  formal lan-  
guage ) ,  but .  i n  a  machine in fo rma t ion  language which i n c l u d e s  
codes  o f  n o t i o n s  ( d e s c r i p t o r s )  and codes  of s y n t a c t i c a l  and se-  
mantic  r e l a t i o n s .  IRS of  t h e  STAIRS t y p e  i s  not  s u i t a b l e  f o r  
t h e  new system because it r e p r e s e n t s  d a t a  i n  a  n a t u r a l  language 
( E n g l i s h ) .  However, it i s  no t  o n l y  because they  u s e  a  n a t u r a l  
language t h a t  such IRSs a r e  u n s u i t a b l e ,  b u t  p r i m a r i l y  because 
t h e y  a r e  no t  in tended t o  r eco rd  s c i e n t i f i c ,  exper imenta l  and 
c l i n i c a l  d a t a  i n  a  s u c c i n c t ,  s t anda rd ized  and a c c u r a t e  form 
s u i t a b l e  f o r  machine a n a l y s i s  and g e n e r a l i z a t i o n .  

To sum up, it i s  necessa ry  t o  d i s t i n g u i s h  two t y p e s  o f  lan-  
guage: s t anda rd ized  inpu t -ou tpu t . l anguages  based on s e v e r a l  
n a t u r a l  languages and a  s i n g l e  machine ( in t e rmed ia ry )  informa- 
t i o n  language. The system must i nc lude  a  b i b l i o g r a p h i c a l  sub- 
system and a  number of s p e c i a l i z e d  f a c t o g r a p h i c a l  subsystems 



which conform t o  t h e  main i n p u t  i n fo rma t ion  f lows and in fo rma t ion  
u s e r  c l a s s e s .  For example, one of t h e  main i n p u t  f lows  w i l l  be 
c l i n i c a l  d a t a  on t h e  r e s u l t s  of  t r e a t m e n t  c l a s s i f i e d  accord ing  
t o  s i t e  and method of t r e a t m e n t  p a r t i c u l a r l y ,  i n fo rma t ion  on 
t e s t i n g  new p r e p a r a t i o n s  and methods of t r e a t m e n t .  Another i m -  
p o r t a n t  f low of  c l i n i c a l  d a t a  w i l l  be d i a g n o s t i c s  and c a u s a t i o n  
of mal ignant  tumors. A s e p a r a t e  f low w i l l  cover  expe r imen ta l  
d a t a  of  i n v e s t i g a t i o n s  on cance r  e t i o l o g y ,  pa thogenes i s  i n  a n i -  
mals ,  e t c .  

DEVELOPMENT OF STANDARDIZED LANGUAGE FOR MEDICAL INFORMATION 

The main problem i n  t h e  development of  a n  i n t e r n a t i o n a l  
ontological in fo rma t ion  system i s  developing  a uniform l an -  
guage of  s t a n d a r d i z e d  medical  d e s c r i p t i o n s  which c o v e r s  t h e  
systems of s t a n d a r d i z e d  i n p u t  and o u t p u t  languages (Russ ian ,  
Eng l i sh ,  German and o t h e r s )  and a s i n g l e  machine i n fo rma t ion  
language (MIL). 

There a r e  two o b j e c t i v e s  i n  developing  such a language:  

- Machine r e p r e s e n t a t i o n  of  medica l  i n fo rma t ion  i n  a  form 
s u i t a b l e  f o r  au tomat ic  s y s t e m a t i z a t i o n ,  a n a l y s i s ,  r e -  
t r i e v a l  and g e n e r a l i z a t i o n ;  

T r a n s l a t i o n  from each  i n p u t  language i n t o  each  o f  t h e  
o u t p u t  languages .  The g e n e r a l  problem o f  t h e  machine 
t r a n s l a t i o n  of  t e x t s  w r i t t e n  i n  n a t u r a l  l anguages  h a s  
been under s tudy  f o r  ove r  20 y e a r s  and s o  f a r  no s a t i s -  
f a c t o r y  s o l u t i o n  has  been found. It i s  t h e r e f o r e  i n -  
a p p r o p r i a t e  t o  r a i s e  t h e  q u e s t i o n  of u s i n g  t h e  medica l  
vocabulary  of n a t u r a l  l anguages  a s  i n p u t  and o u t p u t  
languages i n  t h e  AFMIS. 

It w i l l  be necessary  t o  develop  a system of  s t anda rd i zed  
i n p u t  and o u t p u t  languages which it would be p o s s i b l e ,  by means 
of  modern machine l i n g u i s t i c s ,  t o  t r a n s l a t e  a c c u r a t e l y  i n t o  one 
comple te ly  formal  machine i n fo rma t ion  language (MIL) . These in-  
pu t -output  languages  must,  a s  f a r  a s  p o s s i b l e ,  be a k i n  t o  t h e  
medica l  v o c a b u l a r i e s  of  n a t u r a l  l anguages  i n  o r d e r  t o  f a c i l i t a t e  
t h e i r  p r a c t i c a l  a s s i m i l a t i o n  by broad c i r c l e s  of medica l ,  s c i -  
e n t i f i c  and p r a c t i c a l  workers .  

Common p r i n c i p l e s  i n  developing  t h e s e  languages  must be: 
u n i f o r m i t y  and more p r e c i s e  d e f i n i t i o n  of te rminology,  u n i f o r -  
mi ty  of  s t anda rd  medica l  r e c o r d s ,  un i fo rmi ty  of s e n t e n c e  s t r u c -  
t u r e  and p r e p o s i t i o n a l  usage ,  un i fo rmi ty  of u n i t s  of measure- 
ment and c r i t e r i a  of e v a l u a t i o n  of  d i f f e r e n t  s i t u a t i o n s ,  e t c .  
Undoubtedly, t h e  s o l u t i o n  of  t h e s e  problems w i l l  t a k e  a  long  
t ime.  I n  developing  f a c t o g r a p h i c a l  IRS des igned  f o r  t h e  r e -  
t r i e v a l  of o r i g i n a l  r e f e r e n c e  d a t a  concern ing  t h e  t o p i c s  and 
r e s u l t s  of  s c i e n t i f i c  r e s e a r c h  work and t h e i r  au toma t i c  a n a l y s i s  
and g e n e r a l i z a t i o n ,  methods of manual and au toma t i c  a n a l y s i s  



must be harmonized wi th  t h e  indexat ion  of inpu t  information 
( d e s c r i p t i o n  of c a s e  r e p o r t s ,  s u b j e c t s  of s c i e n t i f i c  r e sea rch  
papers ,  medical p u b l i c a t i o n s ) .  

S p e c i a l i s t  indexers  must w r i t e  t h e s e  d e s c r i p t i o n s  i n  t h e  
s tandardized s c i e n t i f i c  vocabulary of n a t u r a l  languages t o  pre- 
s e n t  a c c u r a t e l y  and completely t h e  main concept of t h e  documents 
( r e p o r t s ,  s u b j e c t  c a r d s ,  e t c . ) .  Automatic indexat ion  must then 
ensure  accura te  t r a n s l a t i o n  of t h e s e  d e s c r i p t i o n s  i n t o  t h e  s i n g l e  
machine in£ ormat ion language (MIL) . 

To make t h e  system usab le  on a  world s c a l e ,  it i s  necessary  
t o  employ an agreed thesaurus  t o  t r a n s l a t e  t h e  terms of t h e  in-  
pu t  language o r  languages i n t o  an inpu t  language of t h e  NORMIN 
type  thus  enabl ing automatic s y n t a c t i c a l  and semantic a n a l y s i s  
of  t e x t s .  

I n  a d d i t i o n  t o  common gener i c - spec i f i c  and con tex t - f r ee  
r e l a t i o n s h i p s  i n  t h e  thesaurus ,  each term must have t h e  charac- 
t e r i s t i c s  of  two semantic c a t e g o r i e s :  s p e c i f i c  medical c a t e -  
g o r i e s  (d iagnos t i c s ,  t r ea tmen t ,  prophylaxis ,  e t i o l o g y ,  morphol- 
ogy, medicament, e t c . )  and common c a t e g o r i e s  (subs tance ,  process ,  
energy, informat ion,  measure, l o c a t i o n ,  t i m e ) .  The thesaurus  
must be composed of f o u r  p a r t s :  a  d i c t i o n a r y  of word-stems, 
a  d i c t i o n a r y  of concepts ( s t eady  word combinat ions) ,  a  d i c t i o n a r y  
of genera l  a f f i x e s  and endings and a  d i c t i o n a r y  of s p e c i f i c  
medical a f f i x e s .  The most important  p r i n c i p l e  of a  s tandardized 
language f o r  medical  documents i s  an accura te  c l a s s i f i c a t i o n  of 
p ropos i t ions ,  c a s e s  and f u n c t i o n a l  link-words according t o  mean- 
ing .  Time w i l l  make it p o s s i b l e  t o  use  e f f i c i e n t  a lgor i thms f o r  
t h e  semantic and s y n t a c t i c a l  a n a l y s i s  of s tandardized sentences .  



M u l t i f a c e t e d  C l a s s i f i c a t i o n  o f  Medical  S c i e n t i f i c  Research:  

Concept o f  Systems Approach 

A.S. K i s e l e v ,  A.B. P e t r o v s k y ,  and B . J .  Pimenov 

System a n a l y s i s  i s  now w i d e l y  used  i n  d i f f e r e n t  b r a n c h e s  o f  
s c i e n t i f i c  and p r a c t i c a l  a c t i v i t i e s :  it u s e s  t h e  ach ievements  
o f  a  number o f  d i s c i p l i n e s  and i s  g r a d u a l l y  becoming o n e  o f  t h e  
main m e t h o d o l o g i e s  t o  s o l v e  problems o r  o r g a n i z a t i o n a l  c o n t r o l .  

The most i m p o r t a n t  problems a r e  t h o s e  o f  d e v e l o p i n g  long-  
t e r m  s c i e n t i f i c  r e s e a r c h  programs i n  t h e  i m p o r t a n t  a r e a s  o f  mod- 
e r n  m e d i c i n e  t h a t  c o n s t i t u t e  a  p r o m i s i n g  form o f  i n t e r n a t i o n a l  
c o o p e r a t i o n .  

Problems a r i s i n g  a t  d i f f e r e n t  s t a g e s  i n  p r e l i m i n a r y  s t u d y  
and implementa t ion  i n c l u d e  e v a l u a t i o n  o f  t h e  f u t u r e  p r o s p e c t s  
o f  a  number o f  s c i e n t i f i c  t r e n d s  and s u b j e c t s ,  c o o r d i n a t i o n  o f  
i n v e s t i g a t i o n s  i n  t h e  l i g h t  o f  t h e i r  i n t e r r e l a t i o n s h i p  and ex- 
t e n t  o f  t h e i r  i n f l u e n c e  upon t h e  a t t a i n m e n t  o f  t h e  o b j e c t i v e  and 
a  prompt a p p l i c a t i o n  o f  i m p o r t a n t  r e s u l t s  by a l l  t h e  p a r t i c i p a n t s  
i n  t h e  program. Such problems a r e  s o  complex and m u l t i f a c e t e d  
t h a t  t h e y  d o  n o t  p e r m i t  o f  a  s i m p l e  s o l u t i o n  b u t  c a l l  f o r  i n g e -  
n u i t y  and r e s o u r c e f u l n e s s  on  t h e  p a r t  o f  t h e  program d e s i g n e r s  
and t h e  p o s s i b i l i t y  o f  a  wide  c h o i c e  i n  methods o f  a t t a c k .  

I n  t h i s  r e s p e c t ,  a n  i n t e r e s t i n g  approach  t o  t h e  development  
o f  a  long- te rm i n t e r n a t i o n a l  program i n  t h e  f i e l d  o f  onco logy  
would b e  t h e  s y s t e m  o f  s e l e c t i v e  d i s s e m i n a t i o n  o f  i n f o r m a t i o n  
by g r o u p s  o f  " i n t e r c o n n e c t e d  s u b j e c t s " .  

I n  t h e  o p i n i o n  o f  i t s  d e s i g n e r s ,  such  a  sys tem e n s u r e s  a  
r a p i d  exchange of  i n f o r m a t i o n  among a l l  t h e  p a r t i c i p a n t s  o f  t h e  
program, a  g r e a t e r  s p e c i a l i z a t i o n  o f  i n f o r m a t i o n  and a  r a p i d  
a s s e s s m e n t  o f  t h e  r e s u l t s  o f  e x p e r i m e n t s .  

The s u c c e s s f u l  f u n c t i o n i n g  and development  o f  any in forma-  
t i o n  sys tem depends  g r e a t l y  on t h e  a p p r o p r i a t e n e s s  o f  i t s  t e c h -  
n o l o g i c a l  s t r u c t u r e  and u n d e r l y i n g  c o n c e p t .  The t o o l  of  s u c h  
s y s t e m s  i s  d a t a  c l a s s i f i c a t i o n .  

*.# The p r e s e n t  p a p e r  s u g g e s t s  o n e  o f  t h e  p o s s i b l e  l o g i c  ap- 
p r o a c h e s  t o  t h e  c o n s t r u c t i o n  o f  a  m e d i c a l  r e s e a r c h  c l a s s i f i c a t i o n ,  
based  on  s y s t e m s  a n a l y s i s  o f  m e d i c a l  s c i e n c e  a s  a  s e p a r a t e  b r a n c h  
o f  new knowledge. Such a n  a p p r o a c h  may b e  s u i t a b l e  f o r  program 
development  n o t  o n l y  i n  onco logy  b u t  a l s o  i n  o t h e r  a r e a s  o f  med- 
i c i n e  and p u b l i c  h e a l t h .  



The wide ly  used c l a s s i f i c a t i o n  systems of  medica l  s c i e n c e  
a r e  based on t h e  t r a d i t i o n a l  d i v i s i o n  of  medic ine  acco rd ing  t o  
t h e  main d i s c i p l i n e s .  Th i s  approach has  j u s t i f i e d  i t s e l f  i n  t h e  
b i b l i o g r a p h i c a l  s y s t e m a t i z a t i o n  of p u b l i c a t i o n s  and i s  used i n  
t h e  well-known MEDLAR System, b u t  it i s  o f  l i t t l e  u s e  i n  coor-  
d i n a t i n g  r e s e a r c h  a c t i v i t i e s  l i n k e d  by t h e  g e n e r a l  n a t u r e  of  
t h e  problems under s tudy  b u t  d i f f e r i n g  i n  behavior  " technology" .  
Medical r e s e a r c h  c l a s s i f i c a t i o n  must be p r i m a r i l y  problem-ori- 
e n t e d  f o r  t h e  purpose of e f f e c t i v e l y  c o o r d i n a t i n g  t h e  program. 
Formulat ion of a  s c i e n t i f i c  problem must be  expressed  i n  te rms  
of i t s  purpose.  

Furthermore,  such a  c l a s s i f i c a t i o n  must be  s u i t a b l e  f o r  
t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  a n a l y s i s  of  t h e  p roces se s  of 
medica l  r e s e a r c h  development i n c l u d i n g  a n  assessment  of t h e  
n a t u r e  and v a l u e  o f  t h e  c o n t r i b u t i o n s  of program p a r t i c i p a n t s ,  
t h e i r  a b i l i t y  t o  develop  t h e i r  s u b j e c t s  e f f e c t i v e l y ,  an  e s t i m a t e  
of t h e  funds  necessary  t o  f u l f i l l  t h e  program and s o  on.  The 
c l a s s i f i c a t i o n  must t h e r e f o r e  cover  d i f f e r e n t  a s p e c t s  o f  r e -  
s e a r c h  a c t i v i t i e s .  A t  t h e  same t ime ,  it must be s u f f i c i e n t l y  
d e t a i l e d  t o  r e f l e c t  a s  comprehensively a s  p o s s i b l e  t h e  c o n t e n t s  
of  s p e c i f i c  s u b j e c t s .  

A t  p r e s e n t ,  medic ine  c o v e r s  such  a  wide r ange  of a c t i v i t i e s  
t h a t  t h e  o b j e c t i v e  can  be a t t a i n e d  only  by means of a  well-or-  
ganized  in fo rma t ion  system e n a b l i n g  program p a r t i c i p a n t s  t o  make 
t h e i r  c o n t r i b u t i o n s  where t hey  w i l l  be  most e f f e c t i v e  and t o  
avo id  i r r a t i o n a l  was te  of  money and e f f o r t s .  The development 
and e f f e c t i v e  f u n c t i o n i n g  of a n  i n fo rma t ion  exchange system i s  
p o s s i b l e  on ly  on t h e  b a s i s  of modern computer f a c i l i t i e s .  There- 
f o r e ,  medica l  r e s e a r c h  c l a s s i f i c a t i o n s  must be u s a b l e  i n  man- 
computer i n fo rma t ion  systems,  easy  t o - a p p l y  and o f f e r i n g  t h e i r  
u s e r s  c o n s i d e r a b l e  p o s s i b i l i t i e s  of  r e t r i e v a l  o f  t h e  many a s p e c t s  
which i n t e r e s t  them. 

These r equ i r emen t s  a r e  met by t h e  systems approach which 
we sugges t  f o r  t h e  c o n s t r u c t i o n  of a  c l a s s i f i e r  f o r  medica l  r e -  
s e a r c h  based on t h e  fo l lowing  p r i n c i p l e s :  

- Mul t i a spec t  f e a t u r e :  t h e  c l a s s i f i c a t i o n  i s  based on a  
number of independent  f e a t u r e s  i n h e r e n t  i n  medic ine  a s  
a  s e p a r a t e  branch of  s c i e n c e ;  

- P o l y s t r u c t u r a l  f e a t u r e :  d i f f e r e n t  t y p e s  of  c l a s s i f i c a -  
t i o n  s t r u c t u r e s  ( a d d i t i v e ,  h i e r a r c h i c ,  m u l t i p l e x )  a r e  
used a s  f u n c t i o n a l  components of  t h e  c l a s s i f i e r .  

The f i r s t  s t e p  i s  t h e  s e l e c t i o n  of  common c l a s s i f i c a t i o n  c a t -  
e g o r i e s  which a r e  d e f i n e d  by s p e c i f i c i t y  i n  medical  r e s e a r c h  and 
by t h e  c h a r a c t e r  of  t h e  problems under  s tudy .  

The s p e c i a l  c h a r a c t e r i s t i c  of medical  s c i e n c e  and i t s  s o c i a l  
importance l i e s  i n  i t s  tendency t o  d e a l  w i t h  problems connected 
w i t h  t h e  p r e s e r v a t i o n  and improvement of  t h e  h e a l t h  of i n d i v i d u a l s  



and of s o c i e t y  a s  a whole. Medical s c i e n c e  comprehensively i n -  
v e s t i g a t e s  t h e  l i v i n g  a c t i v i t y  of human be ings  i n  i n t e r a c t i o n  
wi th  t h e i r  environments  i n  o r d e r  t o  r e v e a l  t h e  c a u s e s  and mech- 
anisms of  d i s e a s e s ,  t o  f i n d  t h e  b e s t  methods of  d e t e c t i o n  and 
t r e a t m e n t  and t o  develop  e f f e c t i v e  p r e v e n t i v e  and o t h e r  measures.  
A t  t h e  same t ime,  l i k e  any o t h e r  s c i e n c e ,  medicine has  i n t e r n a l  
aims connected wi th  i t s  own development needs.  

S c i e n t i f i c  c o g n i t i o n  of t h e  e v o l u t i o n  o f  t h e  o r g a n i c  world 
and t h e  development of v a r i o u s  forms of  l i f e  o f f e r s  a wide range  
of  o b j e c t s  of  r e s e a r c h  i n  medicine,  from molecular  and sub- 
c e l l u l a r  s t r u c t u r e s ,  r e s e a r c h  on which w i l l  uncover t h e  e s sence  
of  l i v i n g  m a t t e r ,  t o  social-economic systems which i n f l u e n c e  
t h e  v i a b i l i t y  of  a human be ing  and of human popu la t i ons .  

The s p e c i f i c  f e a t u r e  of  medical  s c i e n c e  i s  i t s  m u l t i p r o f i l e  
and complex c h a r a c t e r .  A s  one of t h e  n a t u r a l  s c i e n c e s ,  medicine 
u s e s  wide ly  both  methods p e c u l i a r  t o  i t s e l f  and those  a p p l i e d  i n  
o t h e r  fundamental  s c i e n c e s ,  p r i m a r i l y  b io logy ,  p h y s i c s  and chem- 
i s t r y .  Mathematical ,  c y b e r n e t i c  and economic methods a r e  be- 
coming i n c r e a s i n g l y  impor tan t .  

S imul taneous ly ,  f o r  p r a c t i c a l  t a s k s  r e l a t i n g  t o  t h e  coor-  
d i n a t i o n  of  medica l  s c i e n t i f i c  r e s e a r c h  we need in fo rma t ion  
p a r t i c u l a r l y  about  t h e  n a t u r e  o f  r e s e a r c h  be ing  c a r r i e d  o u t ,  t h e  
p a r t i c i p a t i o n  o f  s c i e n t i f i c  r e s e a r c h  o r g a n i z a t i o n s  i n  t h e  devel -  
opment of  c e r t a i n  s c i e n t i f i c  problems and t h e  r e s o u r c e s  (man- 
power, m a t e r i a l ,  t e c h n i c a l  and f i n a n c i a l )  a v a i l a b l e  i n  r e l e v a n t  
s c i e n t i f i c  f i e l d s .  Thus t h e  c l a s s i f i c a t i o n  of  r e s e a r c h  on t h e  
b a s i s  of management and r e s o u r c e s  i s  of  obvious  importance.  

By p r e s e n t i n g  medica l  s c i e n t i f i c  r e s e a r c h  a s  a s i n g l e  com- 
p l e x  system, it i s  p o s s i b l e  t o  d i s t i n g u i s h  t h e  fo l lowing  main 
c l a s s i f i c a t i o n  concepts :  

- General  aim of  r e s e a r c h ,  

- Func t iona l  s t a t u s  of  t h e  o b j e c t  of r e s e a r c h ,  

- S t r u c t u r a l  l e v e l  of  t h e  o b j e c t  of  r e s e a r c h ,  

- Charac t e r  of  r e s e a r c h ,  

- Methods and means of  r e s e a r c h ,  and 

- Fac tog raph ica l  i n £  ormat ion .  

I t  would appear  u s e f u l  t o  d i v i d e  each c l a s s  of n o t i o n s  i n  
t h e  c l a s s i f i e r  i n t o  a sma l l  number of h i e r a r c h i c  l e v e l s .  Th i s  
e n s u r e s  t h e  " v i s i b i l i t y "  of  t h e  c l a s s i f i e r  and makes it compara- 
t i v e l y  ea sy  and f a i r l y  r a p i d  t o  s c r een  r e s e a r c h  work and dissem- 
i n a t e  i n fo rma t ion .  



At t h e  p r e s e n t  c o n f e r e n c e ,  t h e r e  h a s  been c o n s i d e r a b l e  d i s -  
c u s s i o n  a b o u t  t h e  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  i n f o r m a t i o n  
sys tems  w i t h  r e t r i e v a l  o f  documentary o r  f a c t o g r a p h i c a l  i n f o r -  
mat ion .  The s t r o n g  and weak p o i n t s  o f  d i f f e r e n t  sys tems  a r e  
d i c t a t e d  by t h e  p u r p o s e  t h e y  were  i n t e n d e d  t o  s e r v e .  I n  o u r  
m u l t i a s p e c t  c l a s s i f i c a t i o n  we have a t t e m p t e d  t o  combine t h e  ad- 
v a n t a g e s  o f  a l l  t h e  a p p r o a c h e s  d i s c u s s e d .  



An In fo rma t ion  System t o  A s s i s t  i n  t h e  S e l e c t i o n  

Of Pharmacolog ica l  Subs t ances  

L.M. Zakharova and A.M. Pe t rovsky  

The amount o f  i n fo rma t ion  used  by a  p h y s i c i a n  i n  t r e a t i n g  
a n  i n d i v i d u a l  p a t i e n t  i s  r a p i d l y  i n c r e a s i n g .  T h i s  i s  t y p i c a l ,  
e s p e c i a l l y ,  o f  pharmacotherapy t oday .  Modern complex pharmaco- 
t h e r a p y  of  p a t i e n t s  r e q u i r e s  t h a t  a ccoun t  should  be  t a k e n  of  a  
g r e a t  number of  i n d i c a t i o n s ,  c o n t r a i n d i c a t i o n s  and d rug  compat- 
i b i l i t i e s .  The complex i ty  o f  t h i s  p r o c e s s  i s  even g r e a t e r  i n  
g e r i a t r i c  p r a c t i c e ,  i n  c a s e s  o f  m u l t i p l e  pa tho logy  i n  t h e  same 
p a t i e n t ,  o f  i n d i v i d u a l  i n t o l e r a n c e  t o  p a r t i c u l a r  s u b s t a n c e s  o r  
o f  a  h i s t o r y  o f  u s i n g  " h a b i t u a l  g roups"  of  d r u g s  ( f o r  i n s t a n c e ,  
t h e  c o n t i n u a l  u s e  of a n t i d i a b e t i c  d r u g s ) .  I n  a d d i t i o n ,  t h e  
d r u g s  a v a i l a b l e  c o n s t a n t l y  i n c r e a s e  i n  number a s  knowledge of 
pharmacotherapy grows. A l l  t h i s  c a l l s  f o r  t h e  prompt a p p l i c a -  
t i o n  o f  complex pharmacolog ica l  i n fo rma t ion  i n  comp l i ca t ed  c l i n -  
i c a l  c a s e s .  To s o l v e  t h i s  problem an  i n f o r m a t i o n  system named 
"Consu l t an t "  ha s  been worked o u t . *  

The main o u t l i n e s  o f  t h e  sys tem a r e  a s  f o l l o w s :  e ach  d rug  
i n  a  we l l - de f i ned  l i s t  i s  a s s i g n e d  a  l i s t  o f  c o n d i t i o n s * *  f o r  
which it i s  i n d i c a t e d  o r  c o n t r a i n d i c a t e d .  The r e s u l t s  a r e  sum- 
mar ized  i n  a  d rug -cond i t i on  m a t r i x  (L.-  C), where t h e  rows 
co r r e spond  t o  t h e  l i s t  of  d r u g s ,  w h i l e  t h e  columns co r r e spond  
t o  t h e  l i s t  of  c o n d i t i o n s .  The i n t e r s e c t i o n  o f  a  column and a  
row g i v e s  t h e  e v a l u a t i o n  of t h e  e f f e c t  o f  t h e  d r u g  on t h e  cond i -  
t i o n  concerned .  A n  e v a l u a t i o n  o f  +1 means t h a t  t h e  d rug  i s  i n d i -  
c a t e d ;  a n  e v a l u a t i o n  of -1 ,  t h a t  it i s  c o n t r a i n d i c a t e d ;  ab sence  
of  e f f e c t  o r  ab sence  o f  d a t a  r e g a r d i n g  t h e  e f f e c t  i s  marked 0. 
F i g u r e  1 shows p a r t  o f  t h e  L  - C m a t r i x .  

I n  making up t h e  l i s t  of  c o n d i t i o n s  accoun t  was t a k e n  o f  
t h e i r  i n t e n s i t y  ( s e v e r e ,  medium o r  m i l d )  and i n  some cases - -of  
t h e i r  d u r a t i o n  ( s t a b l e  o r  t r a n s i e n t ) .  T h i s  was done  because  of  
d i f f e r e n c e s  i n  t h e  p r e p a r a t i o n  recommended f o r  such  v a r i a t i o n s .  
U l t i m a t e l y  a  C l a s s i f i c a t o r  o f  c o n d i t i o n s  f o r  pharmacotherapy 
was compiled which i nc luded  900  i t e m s .  The g r e a t e r  p a r t  o f  t h e  

* D r .  V.I. S h t a b t s o v  from t h e  S o v i e t  Union t ook  p a r t  i n  working 
o u t  t h e  system. 

**The l i s t  i n c l u d e s  n o s o l o g i c a l  forms,  syndromes and symptoms, 
i . e . ,  t h e  c l i n i c a l  c l a s s i f i c a t i o n  e l emen t s ,  r ega rded  a s  sepa-  
r a t e  u n i t s  i n  pharmacotherapy.  I n  t h e  c o n t e x t ,  t h e  word "con- 
d i t i o n "  i m p l i e s  a l l  v a r i e t i e s  of t h e  c l i n i c a l  t e r m s .  



DRUG C O N D I T I O N  INSOMNIA ASTHEN I C VEGETAT I V E  
CONDIT ION DYSTON I A  

MERAZ I N  +I 0 +I 

COFE I N  -I  0 0 

PHENAM I NE -I +I 0 

E U P H I L L I N E  0 0 -I 

GERONTABOL +I + l  0 

Figure 1 .  Part of the drug-condition (L - C) matrix. .. 

C l a s s i f i c a t o r  i s  devoted  t o  c l i n i c a l  d i s c i p l i n e s  l i k e  neuropa- 
t h o l o g y  and p s y c h i a t r y ,  c a r d i o v a s c u l a r ,  g a s t r o i n t e s t i n a l ,  endo- 
c r i n o l o g i c a l ,  k idney  and u r i n a r y  t r a c t  d i s e a s e s  and i n f e c t i o n s  
and fungus  d i s e a s e s .  

The d i f f i c u l t i e s  expe r i enced  i n  compi l ing  t h e  C l a s s i f i c a t o r  
r e s u l t e d  p r i m a r i l y  from l a c k  of  a  s t a n d a r d i z e d  c l a s s i f i c a t i o n  o f  
symptoms f o r  p a t h o l o g i c a l  c o n d i t i o n s  and from i n s u f f i c i e n t l y  p r e -  
cise recommendations on d rug  u sage  i n  t h e  r e f e r e n c e  l i t e r a t u r e .  

I n  making up  a  l i s t  of  p r e p a r a t i o n  f o r  t h e  L - C  m a t r i x ,  
t h e  a u t h o r s  ana lyzed  t h e  a v a i l a b l e  s o u r c e s  o f  i n f o r m a t i o n  con- 
t a i n i n g  more t h a n  3000 e n t r i e s  o f  d r u g s  produced i n  t h e  USSR 
and abroad .  P r i o r i t y  was g i v e n  t o  t h e  most f r e q u e n t l y  u sed  d r u g s .  
I d e n t i c a l  d r u g s  and t h o s e  s i m i l a r  i n  compos i t ion  and e f f e c t  were 
d e f i n e d  under  t h e  same i t e m .  The l i s t  c o n t a i n s  850 e n t r i e s .  

The s i z e  o f  t h e  L - C m a t r i x  was t h u s  850 x 900. The d a t a  
w e r e  p roce s sed  t o  p r o v i d e  a  program t h a t  p r i n t s  a  l i s t  o f  d r u g s  
each  o f  which produces  an  e f f e c t  on a t  l e a s t  one  of  t h e  c o n d i t i o n s  
m a n i f e s t e d  by a  p a r t i c u l a r  p a t i e n t .  The form o f  p r i n t o u t  i s  de- 
t e rmined  by t h e  u s e r .  I t  i s  conven i en t  t o  have t h e  l i s t  o f  d r u g s  
w i t h  a n  i n d i c a t i o n  o f  t h e  g roup  t o  which each  be longs  and a  d e  
s c r i p t i o n  of  t h e  t y p e  o f  e f f e c t  it w i l l  have  o n  each  o f  t h e  pa- 
t i e n t ' s  c o n d i t i o n s .  ( A  s e c t i o n  of  t h e  m a t r i x  is  p r i n t e d  a s  
shown i n  F i g u r e  1 ) .  Wi th in  each  group ,  t h e  d r u g s  c a n  be a r r anged  
a c c o r d i n g  t o  t h e  number of i n d i c a t i o n s  and c o n t r a i n d i c a t i o n s ;  
a t t e n t i o n  may be  drawn t o  t h o s e  d r u g s  f o r  which t h e  number o f  
c o n t r a i n d i c a t i o n s  exceeds  t h e  number of i n d i c a t i o n s  and it h a s  been 
found u s e f u l  t o  p o i n t  o u t  which d r u g s  o u t  o f  t h o s e  i n d i c a t e d  a r e  
i ncompa t ib l e .  



I n fo rma t ion  on i ncompa t ib l e  d r u g s  should  n a t u r a l l y  be  c o l -  
l e c t e d  and f e d  i n t o  t h e  computer memory i n  advance.  

The C o n s u l t a n t  sys tem was t e s t e d  i n  a  number o f  c l i n i c a l  
i n s t i t u t i o n s  i n  Moscow and was h i g h l y  p r a i s e d  by t h e  c l i n i c i a n s .  

I t  appea r s  t h a t  i n  compl ica ted  and u r g e n t  c l i n i c a l  s i t u a -  
t i o n s  where it i s  d i f f i c u l t  t o  a n a l y z e  e v e r y  symptom w i t h  due  
r e g a r d  f o r  a l l  i n d i c a t i o n s  and c o n t r a i n d i c a t i o n s ,  t h e  a s s i s t a n c e  
r ende red  by t h e  i n fo rma t ion  system w i l l  b e  t i m e l y .  





The Role  o f  t h e  IIASA Computer Network i n  E s t a b l i s h i n g  a n  I n t e r -  

n a t i o n a l  I n f o r m a t i o n  System t o  C o o r d i n a t e  Cancer  Research  

A.V. Butrimenko and V.G. Dashko 

I n  p r i n c i p l e ,  t h e  e x t e n s i v e  and i n c r e a s i n g  u s e  of compute rs  
by n a t i o n a l  h e a l t h  c a r e  o r g a n i z a t i o n s  and m e d i c a l  r e s e a r c h  i n -  
s t i t u t e s  makes it f e a s i b l e  t o  e s t a b l i s h  a n  i n t e r n a t i o n a l  i n f o r -  
m a t i o n  sys tem t o  c o o r d i n a t e  c a n c e r  r e s e a r c h  under  t h e  a u s p i c e s  
o f  t h e  World H e a l t h  O r g a n i z a t i o n .  I n t e r n a t i o n a l  i n s t i t u t e s ,  
e s t a b l i s h e d  by WHO, a l s o  have computer  c e n t e r s .  

The modern u s e  of compute rs  shows t h a t  t h e  maximum e f f e c t  
o f  c o m p u t e r i z a t i o n  i s  a c h i e v e d  o n l y  i f  i n d i v i d u a l  computer  cen-  
ters  a r e  combined i n t o  a  network o f  compute rs  which c a r r y  o u t  a n  
exchange of  i n f o r m a t i o n  between w i d e l y  s e p a r a t e d  l o c a t i o n s .  T h i s  
i s  a c h i e v e d  by e s t a b l i s h i n g  a  computer  sys tem combining t h e  spe-  
c i a l i z e d  f u n c t i o n s  o f  l a r g e  compute rs  and t h e  s i m p l e r  c o n f i g u r a -  
t i o n  o f  i n d i v i d u a l  compute rs .  The o r g a n i z a t i o n  o f  m a i n t e n a n c e  
on  a  network b a s i s  makes it p o s s i b l e  f o r  a n  i n d i v i d u a l  i n s t i t u -  
t i o n  t o  e l i m i n a t e  t h e  c o s t s  of  m a i n t a i n i n g  i t s  own computer ,  
m a i n t e n a n c e  p e r s o n n e l  and  sys tem programmers.  When a n  o r g a n i z a -  
t i o n  i n c l u d e s  i t s  computer  i n  a  ne twork ,  t h e r e  i s  a  r e d i s t r i b u -  
t i o n  o f  i t s  l o a d  and  more e f f i c i e n t  u t i l i z a t i o n  o f  a v a i l a b l e  re- 
s o u r c e s .  T h i s  i s  t h e  r e a s o n  f o r  t h e  growing p o p u l a r i t y  o f  com- 
p u t e r  ne tworks .  

The communication network l i n k i n g  t h e  compute rs  i s  e f f e c t e d  
by s p e c i a l i z e d  min icompute rs  o r  programming communication pro-  
c e s s o r s  which have  s t a n d a r d  s o f t w a r e  and a r e  s i m p l e  t o  m a i n t a n  
and  t h e r e f o r e  i n e x p e n s i v e  and r e l i a b l e .  

Computer ne tworks  e n a b l e  u s  t o  e s t a b l i s h  c e n t r a l i z e d  d a t a  
banks  and  program l i b r a r i e s .  T h i s  b o t h  e l i m i n a t e s  t h e  c o s t s  o f  
d u p l i c a t i n g  program d a t a  and p r o v i d e s  t h e  p r e r e q u i s i t e s  f o r  e s t a b -  
l i s h i n g  r e g i o n a l ,  n a t i o n a l  and  g l o b a l  i n f o r m a t i o n  s y s t e m s .  

The f o l l o w i n g  s e r v i c e s  a r e  a l r e a d y  a v a i l a b l e  i n  t h e  e x i s t i n g  
computer  ne tworks :  

- S o l u t i o n  of  problems i n  mult iprogramming and t i m e - s h a r i n g  
modes ; 

- Access  t o  i n f o r m a t i o n  s y s t e m s  i n  t h e  " r e q u e s t - r e p l y "  
mode ; 

- O r g a n i z a t i o n  o f  c o n f e r e n c e s  and communication exchanges  
w i t h  c o l l e a g u e s  i n  o t h e r  o r g a n i z a t i o n s ;  



- Accumulat ion and d i s t r i b u t i o n  o f  t e x t u a l  i n f o r m a t i o n  be- 
tween i n d i v i d u a l  computer  c e n t e r s ;  

- F a c s i m i l e  t r a n s m i s s i o n  o f  images and g r a p h i c  i n f o r m a t i o n ;  

- E s t a b l i s h m e n t  o f  p e r s o n a l  f i l e s  and l o c a l  d a t a  b a s e s .  

A  IIASA p r o j e c t  i s  d i r e c t e d  toward t h e  development  o f  a n  
i n t e r n a t i o n a l  computer  network f o r  s c i e n t i f i c  r e s e a r c h .  I t  i s  
assumed t h a t  e a c h  c o u n t r y  ( e a c h  n a t i o n a l  o r g a n i z a t i o n )  would i n -  
s t a l l  a  s p e c i a l i z e d  minicomputer  t o  o p e r a t e  a s  a n  i n t e r n a t i o n a l  
communication node i n  t h e  IIASA computer  network and  t o  c o n t r o l  
a c c e s s  t o  t h e  n a t i o n a l  computer  network.  Computers would b e  
l i n k e d  t o  t h e  n a t i o n a l  computer  network o r  d i r e c t l y  t o  t h e  i n t e r -  
n a t i o n a l  communication network by s p e c i a l i s t s  i n  t h e  c o u n t r y  con- 
c e r n e d .  

I n t e r  a l i a ,  t h e  f o l l o w i n g  f u n c t i o n s  a r e  a s s i g n e d  t o  t h e  i n -  
t e r n a t i o n a l  communication node: 

- T r a n s f o r m a t i o n  o f  t h e  i n i t i a l  i n f o r m a t i o n  t o  t h e  form 
c o n v e n i e n t  f o r  t r a n s m i s s i o n  i n  t h e  i n t e r n a t i o n a l  IIASA 
computer network;  t r a n s m i s s i o n  and r e c e p t i o n  o f  i n f o r -  
mat ion ;  

- Opening o f  f i l e s  f o r  t r a n s m i t t e d  and r e c e i v e d  i n f o r m a t i o n ;  
a s s e s s m e n t  o f  u s e  o f  c o m p u t a t i o n  r e s o u r c e s  o f  t h e  ne twork ;  

- Check on p e r m i s s i o n  t o  t r a n s m i t  i n f o r m a t i o n  i n  a c c o r d a n c e  
w i t h  t h e  r e g u l a t i o n s  o f  e a c h  n a t i o n a l  computer  network.  

Data  i n  t h e  IIASA network w i l l  b e  t r a n s m i t t e d  b o t h  t h r o u g h  
l e a s e d  and t h r o u g h  normal  l i n e s  o f  t h e  i n t e r n a t i o n a l  t e l e p h o n e  
communicat ions  network.  

However, IIASA is  c o n d u c t i n g  r e s e a r c h  i n t o  d e v e l o p i n g  i t s  
own d a t a  bank. 

An i m p o r t a n t  f e a t u r e  o f  t h e  IIASA computer  network i s  t h e  
r e q u i r e m e n t  t h a t  it must  e n s u r e  t h e  p o s s i b i l i t y  o f  communicat ions  
between computer c e n t e r s  i n  s o c i a l i s t  and marke t  economy c o u n t r i e s .  

I n  view o f  t h e  u n i v e r s a l  c h a r a c t e r  o f  c a n c e r  r e s e a r c h ,  it is  
n a t u r a l  t o  assume t h a t  e a c h  c o u n t r y  w i l l  want t o  have i t s  own d a t a  
bank on  t h i s  problem and w i l l  c e n t r a l i z e  i n t e r n a t i o n a l  c o o p e r a t i o n  
by r e g u l a t i n g  s c i e n t i f i c  c o n t a c t s  and i n f o r m a t i o n  exchange .  

The e x p e r i e n c e  o f  advanced l a b o r a t o r i e s  t h a t  make a c t i v e  u s e  
o f  compute rs  i n  r e s e a r c h  d e m o n s t r a t e s  t h a t  s c i e n t i s t s  and l e a d e r s  
o f  s c i e n t i f i c  teams need l o c a l  i n f o r m a t i o n  sys tems  which i n c l u d e  
t h e  p r e p a r a t i o n  and e d i t i n g  o f  t e x t s ,  c o m p i l a t i o n  o f  work f i l e s  
and c a t a l o g s  and t h e  s t o r a g e  o f  t h e i r  own d a t a  and programs.  It  
i s  a l s o  n e c e s s a r y  t o  b e  a b l e  t o  p r o c e s s  g r a p h i c  i n f o r m a t i o n  and 
communicate w i t h  o t h e r  s p e c i a l i s t s .  



Communication between l o c a l  i n f o r m a t i o n  sys tems  and t h e  na- 
t i o n a l  d a t a  bank by means o f  a  computer  network w i l l  make it pos- 
s i b l e  t o  r e t r i e v e  and  d i s t r i b u t e  i n f o r m a t i o n  t h r o u g h  a  d i r e c t  l i n k  
w i t h  t h e  u s e r s .  

By u s i n g  t h e  s e r v i c e s  o f  t h e  IIASA computer  network,  it w i l l  
b e  p o s s i b l e  t o  a c c e l e r a t e  d a t a  exchanges  between t h e  i n t e r n a t i o n a l  
c e n t e r  (WHO) and any n a t i o n a l  o r g a n i z a t i o n  and t o  o r g a n i z e  opera -  
t i o n a l  i n t e r a c t i o n  between t h e  i n t e r n a t i o n a l  d a t a  bank and t h e  
banks  o f  i n d i v i d u a l  c o u n t r i e s .  

Thus,  t h e  p r o j e c t e d  IIASA computer  network c a n  b e  used  t o  
d e v e l o p  t h e  i n t e r n a t i o n a l  i n f o r m a t i o n  sys tem f o r  t h e  c o o r d i n a t i o n  
o f  c a n c e r  r e s e a r c h  (IISCCR). Moreover,  t h e  s p e c i a l  r e q u i r e m e n t s  
o f  IISCCR c o u l d  b e  t a k e n  i n t o  a c c o u n t  i n  d e v e l o p i n g  t h e  IIASA 
network.  From t h e  s t a n d p o i n t  o f  c o l l e c t i n g  and d i s t r i b u t i n g  i n -  
f o r m a t i o n ,  IISCCR w i l l  b e  a  d i s t r i b u t e d  m u l t i l e v e l  i n f o r m a t i o n  
sys tem.  Work on e s t a b l i s h i n g  IISCCR c o u l d  b e  s t a r t e d  s i m u l t a -  
n e o u s l y  by WHO and t h e  n a t i o n a l  o r g a n i z a t i o n s  concerned .  

I n  t h e  l i g h t  o f  t h e  f o r e g o i n g  a rguments ,  it seems e x p e d i e n t  
t h a t  t h e  IIASA p r o j e c t  p a r t i c i p a t e  i n  d e v e l o p i n g  IISCCR. 





S i m u l a t i o n  Methods i n  Cancer  Research  
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I . N .  Voron tsov ,  M . M .  G r e s h i l o v ,  and A.M. P e t r o v s k y  

Fundamental r e s e a r c h  on  t h e  b i o c h e m i c a l  mechanism o f  a c e l l  
and p h y s i o l o g i c a l  p r o c e s s e s  on t h e  l e v e l  o f  o rgan ism s y s t e m s  and 
on t h e  i n t e r a c t i o n  between a n  o rgan ism and  i t s  env i ronment  de-  
t e r m i n e s  t h e  development  and u s e  o f  methods o f  d i a g n o s t i c s ,  and 
t r e a t m e n t  a s  w e l l  a s  r e s e a r c h  on ep idemio logy .  These ,  i n  t h e i r  
t u r n ,  shape  t h e  whole  complex o f  r e s e a r c h  connec ted  w i t h  t h e  
o r g a n i z a t i o n  o f  h e a l t h  c a r e :  dynamics  o f  m o r b i d i t y  among d i f -  
f e r e n t  p o p u l a t i o n  g r o u p s ,  t r a i n i n g  o f  p e r s o n n e l ,  d e t e c t i o n  o f  
s i c k  i n d i v i d u a l s ,  m e d i c a l  and p r e v e n t i v e  measures .  

The main i n d i c a t o r  o f  a p o p u l a t i o n ' s  h e a l t h  i s  t h e  dynamics 
o f  m o r b i d i t y :  t h e s e  depend on t h e  o r g a n i z a t i o n  o f  h e a l t h  c a r e ,  
i t s e l f  a complex o f  s o c i a l  and economic a r r a n g e m e n t s .  

The i n t e r r e l a t i o n  o f  t h e  main i n d i c a t o r  o f  a p o p u l a t i o n ' s  
h e a l t h  w i t h  fundamenta l  r e s e a r c h  i s  d e t e r m i n e d  b o t h  by a com- 
p l i c a t e d  set o f  b i o l o g i c a l  phenomena and by o r g a n i z a t i o n a l  and 
t e c h n i c a l  measures .  

IMPROVING THE RESULTS OF RESEARCH WORK AND THE ORGANIZATION OF 
HEALTH CARE 

The f o l l o w i n g  measures  a r e  r e q u i r e d :  

- C r e a t e  h i g h l y  e f f i c i e n t  methods o f  s y n t h e s i z i n g  a d e q u a t e  
d e s c r i p t i o n s  f o r  models o f  p r o c e s s e s  o c c u r r i n g  i n  t h e  
o rgan ism ( b i o c h e m i c a l  r e a c t i o n s ,  c e l l  metabo l i sm,  i n t e r -  
a c t i o n  between c e l l s  and v i r u s e s ,  i n t e r a c t i o n  between 
t h e  tumor and  t h e  o r g a n i s m ) ,  o f  i n t e r a c t i o n  between t h e  
o rgan ism and t h e  env i ronment ,  of  e p i d e m i o l o g i c a l  phe- 
nomena and o f  t h e  o r g a n i z a t i o n  o f  h e a l t h  c a r e ;  

- ~ u i l d  t h e  r e l e v a n t  sets o f  models ;  and 

- Develop methods o f  c o n t r o l  i n  c o n f o r m i t y  w i t h  t h e  func-  
t i o n a l  r e g u l a r i t i e s  o f  t h e  d i f f e r e n t  s y s t e m s  a s  r e f l e c t e d  
i n  t h e i r  d e s c r i p t i o n s .  

T h e r e  a r e  two t y p e s  o f  sys tems  concerned :  s y s t e m s  t h a t  
e x i s t  i n  n a t u r e  ( t h o s e  of  which w e  a r e  t o  d i s c o v e r  t h e  phenomena),  
a n d  s y n t h e s i z e d  sys tems  deve loped  by man. Both t y p e s  o f  models  
have t h e  f o l l o w i n g  f e a t u r e s  i n  common: 



- High h e t e r o g e n e i t y  o f  p r o c e s s e s  (it i s  n e c e s s a r y  t o  u s e  
c o n c e p t s  and methods from v a r i o u s  m a t h e m a t i c a l  d i s c i -  
p l i n e s )  ; 

- Large  d imens ions  o f  t h e  d e s c r i p t i o n s .  

I t  i s  d i f f i c u l t  t o  g i v e  a  d e s c r i p t i o n  o f  n a t u r a l  phenomena; 
b u i l d i n g  models r e q u i r e s  c o l l a b o r a t i o n  between many g r o u p s  o f  
r e s e a r c h  w o r k e r s ,  i n f o r m a t i o n  a b o u t  t h e  i n d i v i d u a l  components 
o f  t h e  mechanism under  s t u d y  b e i n g  o f t e n  s c a t t e r e d  o v e r  a  num- 
b e r  o f  l a b o r a t o r i e s  i n  d i f f e r e n t  c o u n t r i e s .  I t  i s  common know- 
l e d g e ,  f o r  i n s t a n c e ,  t h a t  much e f f o r t  is  g o i n g  i n t o  r e s e a r c h  on 
t h e  p r o p e r t i e s  o f  o n e  f e r m e n t a t i o n .  T h i s  i n f o r m a t i o n  i s  e s s e n -  
t i a l  t o  b i o c h e m i s t s  i n  a l l  c o u n t r i e s .  But we p r o p o s e  t o  s t u d y  
and u s e  d e s c r i p t i o n s  o f  b i o c h e m i c a l  c y c l e s  i n f o r m a t i o n  a b o u t  
t e n s  o f  t h o u s a n d s  o f  f e r m e n t a t i o n s .  

I n c r e a s e d  e f f i c i e n c y  i n  s o l v i n g  t h e  above ment ioned com- 
p l e x  problems c a n  be a c h i e v e d  by d e v e l o p i n g  new r e s e a r c h  meth- 
o d s ;  and by d e v e l o p i n g  new methods o f  c o o r d i n a t i n g  them. 

THE PRINCIPAL PHASES OF THE TRADITIONAL RESEARCH CYCLE 

These p h a s e s  a r e  a s  f o l l o w s :  

- On t h e  b a s i s  o f  s t u d y i n g  many r e s u l t s  o f  e x p e r i m e n t a l  
work and g e n e r a l i z i n g  p u b l i c a t i o n s ,  some h y p o t h e s e s  a r e  
f o r m u l a t e d  a b o u t  t h e  f u n c t i o n a l  r e g u l a r i t y  and proper -  
t i e s  of  t h e  sys tem t o  b e  i n v e s t i g a t e d .  

- Hypotheses  a r e  f o r m u l a t e d  a b o u t  t h e  i n t e r a c t i o n  o f  t h i s  
sys tem w i t h  t h e  env i ronment .  

- The e x p e r i m e n t  i s  p lanned  and i t s  e x e c u t i o n  o r g a n i z e d .  

- The e x p e r i m e n t  i s  c a r r i e d  o u t .  

- The r e s u l t s  o f  t h e  e x p e r i m e n t  a r e  p r o c e s s e d  and a n a l y z e d .  

- Arrangements  a r e  made f o r  p u b l i c a t i o n .  

E x p e r i e n c e  shows t l i a t ,  s i n c e  t h e  s y s t e m s  t o  b e  i n v e s t i g a t e d  
a r e  v e r y  c o m p l i c a t e d ,  we make many m i s t a k e s  i n  composing d e -  
s c r i p t i o n s  o f  them and f o r m u l a t i n g  h y p o t h e s e s .  

I n  o r d e r  t o  d i s c o v e r  any phenomenon, t o  o b t a i n  new r e s u l t s ,  
t o  d e v e l o p  a  new method o f  c o n t r o l  o r  t r e a t m e n t ,  a  new p a t t e r n  
o f  h e a l t h  p r o t e c t i o n  c a r e  w e  must a lways  g o  t h r o u g h  a  number o f  
r e s e a r c h  c y c l e s  e l i m i n a t i n g  some e r r o r s  and i n c o n s i s t e n c i e s  e a c h  
t i m e .  I n  a d d i t i o n  t o  t h e  m i s t a k e s  made by i n d i v i d u a l  r e s e a r c h  
w o r k e r s ,  m i s t a k e s ,  i n c o n s i s t e n c i e s  may a r i s e  a s  a  r e s u l t  o f  co-  
o p e r a t i o n  between many r e s e a r c h  w o r k e r s .  



The most  l a b o r - i n t e n s i v e ,  l o n g  and e x p e n s i v e  s t a g e s  a r e  
t h o s e  o f  t h e  p h y s i c a l  exper iment  and p r o c e s s i n g  of  r e s u l t s ;  o v e r -  
l o n g  d e l a y s  o c c u r  d u r i n g  t h e  t r a n s m i s s i o n  of  i n f o r m a t i o n  from 
o n e  g r o u p  o f  r e s e a r c h  workers  t o  o t h e r s  by means o f  p u b l i c a t i o n ;  
it i s  d i f f i c u l t  t o  o r g a n i z e  c o o p e r a t i v e  a c t i v i t i e s ;  it i s  a l s o  
h a r d  t o  d e s c r i b e  phenomena when f o r m u l a t i n g  h y p o t h e s e s .  It i s  
p o s s i b l e  t o  spend many months o r  even y e a r s  o v e r  o n e  r e s e a r c h  
c y c l e .  

THE POSSIBILITY OF REDUCING RESEARCH CYCLES AND INCREASING THE 
NUMBER OF SUCCESSFUL EXPERIMENTS 

E x p e r i e n c e  i n  u s i n g  m a t h e m a t i c a l  methods o f  s i m u l a t i o n  shows 
t h a t  it may b e  p o s s i b l e  t o  d o  t h i s .  

The main p u r p o s e s  o f  a p p l y i n g  f o r m a l i z a t i o n  and s i m u l a t i o n  
methods t o  i n c r e a s e  e f f i c i e n c y  a r e  t h e  f o l l o w i n g :  

- A l l  i n c o n s i s t e n c i e s  c o n n e c t e d  w i t h  t h e  f o r m u l a t i o n  of  
h y p o t h e s e s  c a n  b e  d e t e c t e d  and e l i m i n a t e d  w i t h o u t  con- 
d u c t i n g  a n  e x p e n s i v e  p h y s i c a l  e x p e r i m e n t  by means o f  
s t u d y i n g  a  m a t h e m a t i c a l  model w i t h  t h e  h e l p  o f  a n o t h e r  
p h y s i c a l  a n a l o g u e  compute r ;  t h i s  a n a l o g u e  b e i n g  known 
and a v a i l a b l e ,  t h e  e x p e r i m e n t  i s  much s i m p l e r .  

- The p r o c e d u r e s  o f  d a t a  p r o c e s s i n g  and a n a l y s i s  a r e  s i m -  
p l i f i e d  t o  a  g r e a t  e x t e n t .  

- The sys tem o f  p u b l i c a t i o n  i s  g r e a t l y  changed:  informa-  
t i o n  i s  s t o r e d  i n  o n e  p l a c e  i n  a  machine model.  Other  
r e s e a r c h  w o r k e r s  g e t  t h e  n e c e s s a r y  i n f o r m a t i o n  r a p i d l y  
from t h e  machine s i n c e  a l l  t h e  d a t a  a r e  r e a d i l y  a v a i l -  
a b l e ,  w i t h o u t  p a s s i n g  t h r o u g h  p r i n t i n g ,  a  l i b r a r y ,  e tc.  

I t  may seem a t  f i r s t  s i g h t  t h a t  t h e  p r o c e d u r e  o f  f o r m u l a t i n g  
h y p o t h e s e s ,  by s y n t h e s i z i n g  f o r m a l  models ,  i s  a  somewhat l a b o r -  
i n t e n s i v e  o p e r a t i o n ,  s i n c e  s p e c i a l  a r r a n g e m e n t s  a r e  r e q u i r e d  t o  
u s e  compute rs .  

However, e x p e r i e n c e  p r o v e s  t h a t  by s h o r t e n i n g  r e s e a r c h  cy- 
c l e s  and r e d u c i n g  t h e i r  number, i . e . ,  t h e  number of i t e r a t i o n s  
i n  p h y s i c a l  e x p e r i m e n t s ,  it i s  p o s s i b l e  t o  i n c r e a s e  t e n f o l d  
e f f i c i e n c y  i n  r e s e a r c h  and d e v e l o p i n g  methods o f  c o n t r o l .  

PROGRAMMING LANGUAGES 

The development  o f  s p e c i a l  modes o f  s y n t h e s i s  and model re- 
s e a r c h  w i t h  t h e  h e l p  of  compute rs  h a s  been made p o s s i b l e  by t h e  
c r e a t i o n  o f  programming l a n g u a g e s  and methods o f  s i m u l a t i o n .  

Programming l a n g u a g e s  have s p e c i a l  f o r m a l  c o n s t r u c t i o n s  
t o  a l l o w  a  s i m p l e  i n t e r p r e t a t i o n  o f  a  c o n c e p t ;  t h e y  a r e  used  f o r  



t h e  d e s c r i p t i o n  o f  complex p h y s i c a l  phenomena. They a r e  a  pow- 
e r f u l  t o o l  i n  f o r m u l a t i n g ,  and v e r i f y i n g  t h e  c o m p a t i b i l i t y  o f ,  
c o m p l i c a t e d  h y p o t h e s e s .  They p e r m i t  t h e  o r g a n i z a t i o n  o f  c o o r -  
d i n a t e d  c o o p e r a t i v e  work on models by making it p o s s i b l e  t o  
a n a l y z e  t h e  demand f o r ,  and q u a l i t y  o f ,  i n f o r m a t i o n  a b o u t  t h e  
i n d i v i d u a l  e l e m e n t s  o f  a  model. 

FUTURE DEVELOPMENTS 

I n  o r d e r  t o  t a k e  f u l l  a d v a n t a g e  o f  t h e  methods under  d i s -  
c u s s i o n ,  s i m u l a t i o n  sys tems  u s i n g  h i g h l y  e f f i c i e n t  ne tworks  o f  
compute rs  must b e  deve loped .  

I t  i s  b o t h  p o s s i b l e  and h i g h l y  d e s i r a b l e  t o  d e v e l o p  a n  
i n t e r n a t i o n a l  i n f o r m a t i o n  and s i m u l a t i o n  sys tem working i n  par -  
a l l e l  w i t h  n a t i o n a l  i n f o r m a t i o n  and s i m u l a t i o n  sys tems .  Such 
a  sys tem equipped  w i t h  d a t a  banks i n  t h e  form of  c o m p l i c a t e d  
sets o f  machine models  would b e  a b l e  t o  a c c u m u l a t e  a  v a s t  v o l -  
ume o f  i n f o r m a t i o n  i n  a  s y s t e m a t i z e d  form and w i l l  make it pos- 
s i b l e  t o  o r g a n i z e  i n t e r n a t i o n a l  r e s e a r c h  on t h e  most i m p o r t a n t  
problems.  

An u r g e n t  problem a t  t h e  moment, f o r  i n s t a n c e ,  is  t o  b u i l d  
a n  e f f i c i e n t  model o f  a  l i v i n g  c e l l  i n  o r d e r  t o  d i s c o v e r  t h e  
secret o f  c e l l  d i f f e r e n t i a t i o n  and  i n t e r a c t i o n  between ce l l s  and 
v i r u s e s .  T h i s  i s  t h e  key problem o f  onco logy ,  a s  w e l l  a s  o f  
most b i o l o g i c a l  s u b j e c t s .  

The c r e a t i o n  o f  s u c h  a  sys tem would a l s o  f a c i l i t a t e  gen- 
e r a l l y  t h e  u s e  o f  s c i e n t i f i c  knowledge i n  m e d i c a l  t r e a t m e n t  and 
t h e  o r g a n i z a t i o n  o f  h e a l t h  c a r e .  

T h e r e  a r e  c u r r e n t l y  s c i e n t i f i c  methods and t e c h n i c a l  f a c i l -  
i t i e s  t o  c r e a t e  b o t h  s t a n d a r d i z e d  n a t i o n a l  and i n t e r n a t i o n a l  
i n f o r m a t i o n  and s i m u l a t i o n  s y s t e m s .  



Summary on  P r e s e n t  and F u t u r e  P o s s i b i l i t e s  f o r  
I n t e r n a t i o n a l ,  I n t r a n a t i o n a l  and Loca l  C o o p e r a t i o n  

I n  O n c o l o g i c a l  Research  and P r a c t i c e  

C.R.  G i l l i s  

The p r e s e n t  wave o f  e n t h u s i a s m  f o r  c a n c e r  r e s e a r c h ,  which 
h a s  been  g a i n i n g  i n c r e a s i n g  momentum i n  many p a r t s  o f  t h e  w o r l d ,  
e s p e c i a l l y  s i n c e  t h e  l a t e  1960s,  h a s  g e n e r a t e d  s o  many p l a n s ,  
p a p e r s ,  r e s e a r c h  r e p o r t s ,  c o n f e r e n c e s ,  etc.  t h a t  a  s t a t e  o f  i n -  
d i g e s t i o n  h a s  now been r e a c h e d .  Those i n v o l v e d  i n  c a n c e r  re- 
s e a r c h  and p r a c t i c e  t u r n  i n  hope t o  t h e i r  s c i e n t i f i c  c o l l e a g u e s  
i n  s y s t e m s  a n a l y s i s  f o r  a  remedy. A major  body a s s i s t i n g  i n  t h e  
t a s k  o f  c o o r d i n a t i o n  i s  t h e  World H e a l t h  O r g a n i z a t i o n  (WHO) .  
The p r o p e r  c o o r d i n a t i o n  o f  a l l  a c t i v i t i e s  i n  c a n c e r  i s  e s s e n t i a l  
a s  t h e  v a r i e t y  o f  d i f f e r e n t  d i s e a s e s  grouped under  t h e  h e a d i n g  
c a n c e r  a r e  o f  major  c o n c e r n  t o  d e v e l o p e d  and d e v e l o p i n g  c o u n t r i e s .  
C o n s i d e r a b l e  r e s o u r c e s  have been ,  and a r e  b e i n g ,  s p e n t ,  on t h e  
c a n c e r  problem.  There  a p p e a r s  t o  b e  no immediate  p r o s p e c t  o f  
t h e  p r e v e n t i o n  o f  c a n c e r :  p r o m i s i n g  programs f o r  c a n c e r  c o n t r o l  
a r e  i n  t h e i r  e a r l y  s t a g e s  and it w i l l  b e  some t i m e  b e f o r e  t h e i r  
e f f e c t i v e n e s s  c a n  b e  d e t e r m i n e d .  New e f f o r t s  a r e  r e q u i r e d  and 
it i s  t i m e l y  t h a t  t h i s  c o n f e r e n c e  i s  t a k i n g  p l a c e  s o  t h a t  new 
i n p u t s  o f  e f f o r t  i n t o  c a n c e r  r e s e a r c h  and t r e a t m e n t  w i l l  b e  
b e t t e r  c o o r d i n a t e d  and  t h u s  more f r u i t f u l  t h a n  t h o s e  i n  t h e  p a s t .  
T h e r e  i s  s t i l l  a  l a r g e  g a p  between t h e  broad o b j e c t i v e s  o f  t h e  
WHO c a n c e r  program and c u r r e n t  a t t e m p t s  t o  a t t a i n  t h e s e  o b j e c -  
t i v e s .  

While  l i m i t e d  o b j e c t i v e s  a r e  needed t o  a c h i e v e  a t  l e a s t  
some measure  o f  s u c c e s s  i n  t h e  s h o r t  t e r m ,  more i m p o r t a n t  i s  a  
b r o a d l y  based  long- te rm p l a n  f o r  c a n c e r  r e s e a r c h .  I f  t h i s  is  
n o t  done ,  d u e  a c c o u n t  b e i n g  t a k e n  o f  t h e  s u c c e s s e s  and f a i l u r e s  
o f  t h e  p a s t ,  t h e  s p e c i f i c i t y  o f  l i m i t e d  o b j e c t i v e s  w i l l  b e  less- 
ened and t h e  p o s s i b i l i t y  o f  a  c o h e r e n t  program o f  i n t e r n a t i o n a l  
c o l l a b o r a t i o n  g r e a t l y  r e d u c e d .  Such a  long-term p l a n  must c o v e r  
a t  l e a s t  t h e  f o l l o w i n g  a r e a s :  ep idemio logy ,  e n v i r o n m e n t a l  c a r -  
c i n o g e n e s i s ,  s c r e e n i n g  o n  a  p o p u l a t i o n  b a s i s ,  tumor b i o l o g y ,  
improved d i a g n o s i s ,  and f u r t h e r  development  of  combined m o d a l i t y  
t r e a t m e n t  w i t h  s p e c i a l  emphasis  on  c o s t  b e n e f i t .  However, pro-  
g r e s s  i n  any  o f  t h e  above f i e l d s  c a n n o t  b e  f u l l y  a c h i e v e d  u n t i l  
n a t i o n a l  h e a l t h  c a r e  s y s t e m s  become more e f f i c i e n t .  

While  it i s  c o m p a r a t i v e l y  s i m p l e  t o  c o n c e n t r a t e  on s p e c i f i c  
a c t i v i t i e s ,  it i s  c o n s i d e r a b l y  more d i f f i c u l t  t o  s t u d y  t h e  b a l -  
a n c e  o f  e f f o r t s  now b e i n g  made o n  a  world  s c a l e  i n  t h e  above  
t o p i c s  which a p p e a r  i n  t h e  WHO l i s t  and i n  t h e  l i s t  o f  13 t o p i c s  
and  121 s u b s e c t i o n s ,  s u g g e s t e d  by many o f  t h e  d e l e g a t e s ,  which 
fo rms  p a r t  o f  t h e  USSR program f o r  c a n c e r  c o n t r o l .  



There  a r e  many u n i t s  w i t h i n  t h e  WHO which a s s i s t  i n  t h e  c o o r -  
d i n a t i o n  o f  ontological a c t i v i t i e s .  There  i s  s p e c i a l  c o n c e n t r a -  
t i o n  on programs f o r  c a n c e r  c o n t r o l  w i t h  a  g e n e r a l  e p i d e m i o l o g i c a l  
approach  t o  c a n c e r s .  The work o f  Cancer  R e g i s t r i e s  i s  e v a l u a t e d  
and t h e r e  i s  p a r t i c u l a r  emphasis  on c l a s s i f i c a t i o n .  These  a c t i v -  
i t i e s  a r e  complemented by t h o s e  o f  t h e  WHO sponsored  I n t e r n a t i o n a l  
Agency f o r  Cancer  Research  (IACR) , which c o n c e n t r a t e s  on e n v i r o n -  
m e n t a l  c a r c i n o g e n e s i s  w i t h  emphas i s  o n  o c c u p a t i o n .  T h i s  i s  c l e a r l y  
o f  g r e a t  impor tance  s i n c e  a t  l e a s t  8 0  p e r c e n t  o f  c a n c e r s  a r e  now 
c o n s i d e r e d  t o  be e n v i r o n m e n t a l  i n  o r i g i n .  F i n a l l y ,  i n  WHO, t h e r e  
i s  a n  i n t e r d i s c i p l i n a r y  team which i s  r e s p o n s i b l e  f o r  t h e  i n t e g r a -  
t i o n  o f  a l l  o f  t h e s e  a c t i v i t i e s  on a  c o n t i n u i n g  b a s i s ,  t h u s  h e l p -  
i n g  t o  e n s u r e  b a l a n c e  between t h e  work o f  t h e  v a r i o u s  u n i t s  and  
t h e  r e d u c t i o n  of  g a p s .  There  must b e  some framework f o r  a c t i v -  
i t i e s  r e l a t i n g  t o  t h e  whole f i e l d  o f  endeavor  i n  c a n c e r  and such  
a c t i v i t i e s  should  b e  s e e n  t o  i n t e r a c t .  T h i s  c a n  b e  a c h i e v e d  o n l y  
by f u r t h e r  and more e f f e c t i v e  c o o p e r a t i o n  among a l l  a g e n c i e s  con- 
c e r n e d  w i t h  t h e  c o o r d i n a t i o n  o f  c a n c e r  a c t i v i t i e s  r e g a r d l e s s  o f  
t h e  e x t e n t  t o  which t h e y  a r e  p r e s e n t l y  r e l a t e d  t o  WHO. 

I f  s u c h  c o o p e r a t i o n  is  t o  b e  f r u i t f u l  it must o p e r a t e  a t  
two l e v e l s ;  f i r s t ,  i n  t h e  v a r i o u s  a r e a s  o f  c a n c e r  r e s e a r c h  and 
p r a c t i c e  a n d ,  s e c o n d l y ,  i n  p l a n n i n g  and a d m i n i s t r a t i o n  s i n c e  
t h e  o b j e c t i v e s  o f  h e a l t h  c a r e  o r g a n i z a t i o n s  must  b e  t a k e n  i n t o  
a c c o u n t  i f  t h e  r e s u l t s  o f  c a n c e r  r e s e a r c h  and p r a c t i c e  a r e  t o  b e  
u s e f u l l y  implemented. Thus c a n c e r  s h o u l d  b e  a  c o n c e r n  o f  IIASA 
s i n c e  t h e  i n t e r a c t i n g  a r e a s  o f  c a n c e r  r e s e a r c h ,  p r a c t i c e  and 
h e a l t h  c a r e  sys tems  need t o  b e  viewed a s  a  dynamic model.  

One o f  t h e  s u b j e c t s  d i s c u s s e d  a t  t h i s  Conference  h a s  been 
t h e  WHO program f o r  t h e  s t a n d a r d i z a t i o n  o f  h i s t o l o g i c a l  c l a s s i -  
f i c a t i o n .  I t  i s  r e l a t i v e l y  u n i m p o r t a n t  which c l a s s i f i c a t i o n  is  
used  s o  l o n g  a s  s c i e n t i s t s  t h r o u g h o u t  t h e  wor ld  a g r e e  t o  u s e  t h e  
same o n e ,  and t h e  promotion of  s u c h  agreement  must  b e  o n e  o f  t h e  
t a s k s  o f  t h e  p a r t i c i p a n t s .  Another  c a n d i d a t e  f o r  s t a n d a r d i z a -  
t i o n  i s  t h e  c l a s s i f i c a t i o n  o f  a n t i - c a n c e r  d r u g s ,  and t h e  e l a b o -  
r a t i o n  o f  t h e i r  s i d e  e f f e c t s .  The volume o f  l i t e r a t u r e  on can- 
cer i s  i n c r e a s i n g  more r a p i d l y  t h a n  e v e r  b e f o r e ,  b u t  o n l y  10 
p e r c e n t  o f  E a s t e r n  European l i t e r a t u r e  a b o u t  c a n c e r  i s  a v a i l a b l e  
i n  t h e  d a t a  f i l e s  o f  t h e  major  c a n c e r  l i t e r a t u r e  r e s e a r c h  s y s -  
t e m s .  One q u e s t i o n  t h a t  must  b e  a s k e d  a b o u t  a l l  t h e s e  s c i e n t i f -  
i c  p u b l i c a t i o n s  and r e s e a r c h  r e p o r t s  is:  a t  what  s t a g e  d o  t h e i r  
c o n t e n t s  become knowledge? There  h a s  t o  b e  some e l e m e n t  o f  se- 
l e c t i o n  i n  t h e  l i t e r a t u r e  i n c l u d e d  i n  any i n t e r n a t i o n a l  c o l l e c -  
t i o n .  Such l i t e r a t u r e  must b e  f r e e l y  a v a i l a b l e  t o  a l l  t h o s e  
who s e e k  it. One i n t e r n a t i o n a l  i n f o r m a t i o n  sys tem d i s c u s s e d  
was t h e  SABIR-C sys tem where t h e  a n a l y s i s  o f  t h e  i n p u t  is  c a r -  
r i e d  o u t  by e x p e r t s  who c o n t i n u a l l y  u p d a t e  t h e  key words used .  
The sys tem o u t p u t s  f r e e  t e x t  and i n c l u d e s  e r r o r  c h e c k s .  The 
o u t p u t  i s  p r o v i d e d  i n  E n g l i s h ,  F rench  and German. Al though  
t h e r e  a r e  many j o u r n a l s  i n  common w i t h  t h e  well-known MEDLARS 
s y s t e m ,  t h e r e  a r e  a t  l e a s t  1000 j o u r n a l s  i n c l u d e d  i n  SABIR-C 
t h a t  a r e  n o t  scanned  by t h e  MEDLARS system.  



With r e g a r d  t o  d u p l i c a t i o n  o f  e f f o r t  t h e  I n t e r n a t i o n a l  
I n f o r m a t i o n  O f f i c e  on  C o n t r o l l e d  ~ h e r a p e u t i c   rials i n  Cancer  
e s t a b l i s h e d  by t h e  ~ n t e r n a t i o n a l  Union A g a i n s t  Cancer  ( U I C C )  
now h a s  i n f o r m a t i o n  on  a  worldwide b a s i s  on  n e a r l y  700 c l i n i c a l  
t r i a l s  e i t h e r  i n  p r o g r e s s  o r  t e r m i n a t e d ,  whe ther  p u b l i s h e d  o r  
u n p u b l i s h e d .  I t  i s  hoped t h a t  t h e  n e g a t i v e  and t h e  p o s i t i v e  
i n f o r m a t i o n  c o n t a i n e d  i n  t h e s e  d a t a  w i l l  a s s i s t  i n  t h e  d i s sem-  
i n a t i o n  o f  i n f o r m a t i o n  i n  t h e  f i e l d s  concerned  and t h a t  t h e  
g r e a t e r  u s e  o f  t h i s  i n f o r m a t i o n  s y s t e m  w i l l  a v o i d  u n n e c e s s a r y  
d u p l i c a t i o n  o f  work, e s p e c i a l l y  w i t h  r e g a r d  t o  t h e  n e g a t i v e  
e f f e c t s  d e m o n s t r a t e d .  Some i n d i c a t i o n  o f  t h e  p r e s e n t  inadequacy  
o f  c o l l a b o r a t i o n  and c o o p e r a t i o n  among c o u n t r i e s  i n  c a n c e r  i n -  
f o r m a t i o n  exchange c a n  b e  i n f e r r e d  by t h e  f a c t  t h a t  WHO p o s s e s s e s  
m o r t a l i t y  d a t a  from o n l y  27 p e r c e n t  o f  t h e  t o t a l  wor ld  p o p u l a t i o n  
and  h a s  none from 132 c o u n t r i e s .  

A f u r t h e r  s t e p  toward t h e  ach ievement  o f  i n t e r n a t i o n a l  c o l -  
l a b o r a t i o n ,  a t  l e a s t  a t  t h e  e p i d e m i o l o g i c a l  l e v e l ,  i s  t h e  C l e a r -  
i n g  House f o r  Ongoing Research  i n  Epidemiology.  T h i s  i s  a  j o i n t  
program o f  t h e  IARC, WHO, and t h e  Deutsches  Krebsforschungszen-  
t rum,  H e i d e l b e r g .  The program i s  e s s e n t i a l  b e c a u s e  o f  t h e  con- 
s i d e r a b l e  l e n g t h  o f  t i m e  needed f o r  e p i d e m i o l o g i c a l  s t u d i e s .  
Al though  it is  e s t i m a t e d  t h a t  t h i s  s y s t e m  i s  c u r r e n t l y  r e c e i v i n g  
o n l y  20 p e r c e n t  c o o p e r a t i o n  from i n v e s t i g a t o r s  t h r o u g h o u t  t h e  
w o r l d ,  it i s  a n t i c i p a t e d  t h a t  t h i s  w i l l  improve i n  t h e  n e a r  f u -  
t u r e ;  i f  it d o e s  n o t ,  t h e r e  i s  l i k e l y  t o  be c o n s i d e r a b l e  d u p l i -  
c a t i o n  i n  t h i s  f i e l d  o f  r e s e a r c h .  

Another  sys tem d e a l i n g  w i t h  t h e  p rob lems  o f  d u p l i c a t i o n  i n  
r e s e a r c h  and i n c o r p o r a t i n g  a  l a r g e  d a t a  bank o f  p u b l i s h e d  work 
and  i n f o r m a t i o n  o n  ongoing  r e s e a r c h  i s , t h e  I n t e r n a t i o n a l  Cancer  
R e s e a r c h  Data  Bank o f  t h e  O f f i c e  of  I n t e r n a t i o n a l  A f f a i r s  a t  t h e  
N a t i o n a l  Cancer  I n s t i t u t e ,  USA. T h i s  o r g a n i z a t i o n  h a s  a s  a  f u n -  
d a m e n t a l  o b j e c t i v e  t h e  f r e e  exchange o f  s c i e n t i f i c  i n f o r m a t i o n  
a t  e v e r y  l e v e l  f rom t h e  m o l e c u l e  t o  t h e  community. I t  i n c o r p o -  
r a t e s  programs f o r  t h e  exchange o f  s c i e n t i s t s ,  f o r  improving  
c l a s s i f i c a t i o n  and c o d i n g ,  and a l s o  a c t s  a s  an  i n t e r n a t i o n a l  
c a n c e r  ep idemio logy  c l e a r i n g  house ,  i n  c o o p e r a t i o n  w i t h  t h e  
above ment ioned p r o j e c t  i n  F r a n c e  and Germany. 

R e f e r e n c e  h a s  a l r e a d y  been  made t o  t h e  need t o  s t u d y  r e l a -  
t i o n s h i p s  between t h e  v a r i o u s  a r e a s  o f  c a n c e r  r e s e a r c h ;  a  s t e p  
i n  t h i s  d i r e c t i o n  h a s  been  t h e  c r o s s  r e f e r e n c i n g ,  by means o f  
g r a p h s ,  of  t h e  l i t e r a t u r e  r e l a t i n g  t o  t h e  t o p i c s  and  s u b s e c t i o n s  
i n  t h e  USSR r e s e a r c h  program.* The g r a p h s  o f  t h e  c i t a t i o n s  from 
t h e  l i t e r a t u r e  were  p r e p a r e d  from a s e l e c t i o n  o f  a p p r o x i m a t e l y  
1600 p u b l i c a t i o n s ,  under  h e a d i n g s  s i m i l a r  t o  t h o s e  c h o s e n  by 
WHO, i n  e x p e r i e m n t a l  and c l i n i c a l  c a n c e r  r e s e a r c h  f o r  t h e  p e r i o d  
1960-1965. The s e l e c t i o n  o f  p u b l i c a t i o n s  was c a r r i e d  o u t  by 
e x p e r t s  i n  t h e  v a r i o u s  f i e l d s  and t h e  s t r u c t u r e  o f  e a c h  g r a p h  

*See p a p e r s  by L . I .  Borodkin,  e t  a l .  and L . I .  ~ o r o d k i n ,  I .B .  
Muchnik, and  A.S. Raben, i n  t h i s  volume. 



i s  a s  fo l lows .  F i r s t ,  t h e r e  i s  t h e  s e r i a l ,  c a r d i n a l  number of 
t h e  p u b l i c a t i o n ;  second, a  double  code r e p r e s e n t i n g  t h e  t o p i c  
and subsec t ion ;  t h i r d ,  b i b l i o g r a p h i c a l  d a t a ,  l i s t e d  a l p h a b e t i -  
c a l l y  under  au tho r s ;  and f i n a l l y ,  t h e  s e r i a l  numbers of  t h e  
o t h e r  s e l e c t e d  p u b l i c a t i o n s  c i t e d  by t h e  p u b l i c a t i o n  concerned.  
These graphs  have been ana lyzed  by a  computer system and t h e  
major r e s u l t  i s  t h e  identification of a  mac ro - s t ruc tu re  f o r  t h i s  
complex system, w i th  a  s e t  o f  t h r e e  o r  f o u r  groups of  s u b j e c t s  
w i th  e x t e r n a l  l i n k s  between them. 

A t  t h e  Conference d i s c u s s i o n s  he ld  i n  Moscow in fo rma t ion  
was g iven  about  a n  Aus t r i an  method of  c o l l e c t i n g  and u s i n g  d a t a  
from surveys  d e a l i n g  wi th  o t h e r  a s p e c t s  t o  c o l l e c t  s t a t i s t i c a l  
i n fo rma t ion  r e l e v a n t  t o  cance r .  The example d e a l t  w i th  t h e  u s e  
o f  a  q u e s t i o n n a i r e  s e n t  t o  samples o f  t h e  A u s t r i a n  popu la t i on  t o  
de t e rmine  t h e  e f f e c t s  of  c i g a r e t t e  smoking; t h e  v a l i d i t y  o f  t h e  
method was shown by p r e s e n t i n g  s t anda rd i zed  m o r t a l i t y  r a t i o s  f o r  
l ung  cance r  by sex  which approximated t o  t h e  expec ted  v a l u e s .  
T h i s  method w i l l  make it p o s s i b l e  t o  a s s e s s  t h e  f u t u r e  i n p u t  
o f  cance r  educa t ion .  

There was d i s c u s s i o n  abou t  a  v a r i e t y  of  schemes be ing  used 
i n  Hungary f o r  d i s semina t ing  cance r  i n fo rma t ion  on a  person-to-  
person  and a  da ta - to-person  b a s i s .  The problems i n  i n fo rma t ion  
exchange which r e s u l t e d  from t h e  a p p l i c a t i o n  of  t h e s e  methods 
were h i g h l i g h t e d ;  it was agreed  t h a t  t h e s e  were exper ienced  by 
a l l  c o u n t r i e s .  Reference was a g a i n  made t o  t h e  need f o r  c a r e -  
f u l  s e l e c t i o n  o f  r e s e a r c h  t o p i c s  and f o r  t h e  w ides t  p o s s i b l e  
d i s s e m i n a t i o n  of  nega t ive  and p o s i t i v e  d a t a .  The importance o f  
d a t a  about  ongoing p r o j e c t s  was s t r e s s e d .  Mention was a l s o  made 
of  t h e  importance of adequate  documentat ion and s tudy  o f  spon- 
taneous  r emis s ions .  

The major problems being s t u d i e d  i n  Czechoslovakia were 
s i m i l a r  t o  t h o s e  e l sewhere .  A f e a t u r e  of t h e  Czechoslovak can- 
c e r  program i s  t h a t  it forms p a r t  o f  t h e  i n t e r n a t i o n a l  c a n c e r  
program i n  t h e  CMEA c o u n t r i e s  which i s  coo rd ina t ed  c e n t r a l l y  i n  
Moscow. Th i s  f a c i l i t y  a l l ows  both  u n i l a t e r a l  and m u l t i l a t e r a l  
a c t i v i t i e s  t o  t a k e  p l a c e  on a  coo rd ina t ed  b a s i s .  

There was p a r t i c u l a r  i n t e r e s t  i n  t h e  sugges t ion  by t h e  
S c i e n t i f i c  Coord ina t ing  Departments of  t h e  Academy o f  Medical 
Sc i ences  i n  Moscow t h a t  a  sys temat ized  approach t o  r e s e a r c h  
should  be made on a  problem-oriented b a s i s  r a t h e r  t h a n  through 
t h e  t r a d i t i o n a l  d i s c i p l i n e s  s i n c e  such a  c o u r s e  t ook  f u l l  ac- 
coun t  o f  t h e  m u l t i d i s c i p l i n a r y  n a t u r e  o f  t h e  problems i n  cance r  
r e s e a r c h  and brought  t o g e t h e r  e x p e r t s  from widely d i f f e r i n g  
f i e l d s  t o  a s s i s t  i n  t h e i r  s o l u t i o n .  

A paper  o f  g r e a t  i n t e r e s t  was t h e  paper  on an  in fo rma t ion  
system f o r  t h e  s e l e c t i o n  o f  a p p r o p r i a t e  d rugs .*  E s s e n t i a l l y  

*See L.M. Zakharova and A.M. Pe t rovsky ,  i n  t h i s  volume. 



t h e  sys tem i s  composed o f  a  m a t r i x  whose s i d e s  i n c l u d e  syndrones ,  
d r u g s ,  and a d v e r s e  r e a c t i o n s  t o  d r u g s ;  t h e  sys tem o p e r a t e s  i n  
s u c h  a  way t h a t  a  d r u g  c a n  b e  chosen  f o r  a  g i v e n  p a t i e n t  wi th -  
o u t  n e c e s s a r i l y  knowing t h e  f i n a l  d i a g n o s i s .  T h i s  sys tem h a s  
a l r e a d y  been t e s t e d  s u c c e s s f u l l y  i n  s e v e r a l  c l i n i c s  i n  Moscow. 

Mention was made o f  t h e  u s e  of  Cancer  I n t e l l i g e n c e  U n i t s  
a t t a c h e d  t o  Cancer  R e g i s t r i e s  a s  a  mechanism f o r  d i s s e m i n a t i n g  
and  c o o r d i n a t i n g  c a n c e r  i n f o r m a t i o n .  T h i s  h a s  a l r e a d y  been  
shown t o  work s a t i s f a c t o r i l y  i n  S c o t l a n d ;  it rel ies  on  t h e  v o l -  
u n t a r y  c o l l a b o r a t i o n  o f  m u l t i d i s c i p l i n a r y  g r o u p s  o f  c l i n i c i a n s  
t o  u s e  t h e  d a t a  h a n d l i n g  and s t a t i s t i c a l  f a c i l i t i e s  o f  t h e  Reg- 
i s t r y  i n  p u r s u i n g  c a n c e r  r e s e a r c h  i n  a  v a r i e t y  o f  f i e l d s .  It  
was s u g g e s t e d  t h a t  t h e  I n t e r n a t i o n a l  A s s o c i a t i o n  o f  Cancer  Reg- 
i s t r i e s  m i g h t  b e  used  t o  promote t h i s  t y p e  o f  a p p r o a c h  t o  i n f o r -  
m a t i o n  exchange a t  a  l o c a l  l e v e l .  

F i n a l l y ,  a t t e n t i o n  f o c u s e d  on  s e v e r a l  methods a n d  l a n g u a g e s  
used  i n  mode l ing  c a n c e r  r e s e a r c h  s y s t e m s  and i n  a p p l y i n g  t h e s e  
models  t o  t h e  s t u d y  o f  c a n c e r  and h e a l t h  c a r e  s y s t e m s .  I t  was 
shown t h a t  models  c o u l d  i n d i c a t e  t h e  d i r e c t i o n  o f  p a r t i c u l a r  
s t u d i e s ;  m a t h e m a t i c a l  d e s c r i p t i o n s  o f  problems and a l g o r i t h m i c  
and  model ing l a n g u a g e s  were o f  v a l u e ,  e s p e c i a l l y  i n  e v o l v i n g  
methods f o r  o r g a n i z i n g  and c o o r d i n a t i n g  e x i s t i n g  b i o l o g i c a l  i n -  
v e s t i g a t i o n s  and i n  s u g g e s t i n g  new methods f o r  o t h e r  i n v e s t i g a -  
t i o n s .  The f o l l o w i n g  recommendat ions  were made: 

- T h a t  s y s t e m s  a n a l y s i s  s h o u l d  b e  c o n s i d e r e d  a n  e s s e n t i a l  
component o f  t h e  modern s t u d y  o f  onco logy  i f  t h e  m u l t i -  
d i s c i p l i n a r y  n a t u r e  of  t h e  s u b j e c t  i s  t o  b e  f u l l y  ex- 
p l o i t e d ;  

- That  t o  a c h i e v e  g r e a t e r  v i s i b i l i t y  f o r  sys tems  a n a l y s i s  
i n  c a n c e r  r e s e a r c h ,  a  c o n t r i b u t i o n  on  t h i s  s u b j e c t  
s h o u l d  be made t o  t h e  f o r t h c o m i n g  I n t e r n a t i o n a l  Cancer  
Congress  i n  Buenos A i r e s ;  

- T h a t  c o n s i d e r a t i o n  be g i v e n  t o  h o l d i n g  more workshops 
f o r  s m a l l  g r o u p s  o f  concerned  i n d i v i d u a l s  i n  o r d e r  t o  
d i s c o v e r  a  b e t t e r  system f o r  e f f e c t i v e  c o l l a b o r a t i o n  
between mathemat ics  and medic ine .  





Concludinu Address 

A.S. K i se l ev  

F i r s t  of a l l  a l l o w  me t o  thank you f o r  coming and t o  s a y  
t h a t  it g i v e s  m e  g r e a t  s a t i s f a c t i o n  t h a t  you have responded t o  
t h e  r e q u e s t  t o  m e e t  h e r e  t o g e t h e r .  Thank you a l s o  f o r  your 
i n t e r e s t  i n  d i s c u s s i n g  q u e s t i o n s  w i t h  which t h e  Biomedical Pro- 
j e c t  i s  concerned ,  and f o r  t h e  f e e l i n g  o f  f e l l o w s h i p  which h a s  
been gene ra t ed  ove r  t h i s  s h o r t  pe r iod  of  t ime.  

Of c o u r s e  t h e  problems we have d i s c u s s e d  ove r  t h e s e  l a s t  
days  a r e  ex t remely  complex. It  i s  n a t u r a l  t h a t  t h e r e  should  
s t i l l  be  more unanswered q u e s t i o n s  t h a n  answered ones .  I f  
e v e r y t h i n g  cou ld  e a s i l y  have been answered, t h e n  t h e r e  would 
have been no p o i n t  i n  o u r  g a t h e r i n g  he re .  It  seems t o  m e ,  how- 
e v e r ,  t h a t  s e v e r a l  very  d e f i n i t i v e  s t a t e m e n t s  have been formu- 
l a t e d  ove r  t h e s e  l a s t  f o u r  d a y s ,  and w i t h  your permiss ion  I 
would l i k e  t o  g i v e  a t  t h i s  p o i n t  a  s h o r t  resume. 

To what should  we devo te  o u r  e n e r g i e s  a t  IIASA? To t h e  
b u i l d i n g  o f  a  new g e n e r a l  macro-model of  h e a l t h  c a r e  o r  t o  con- 
s t r u c t i n g  p a r t i a l  models? It  seems t o  m e  t h a t  i n  l i g h t  of  t h e  
d i s c u s s i o n s  t h e r e  i s  no d i f f i c u l t y  i n  answering t h i s  ques t ion- -  
i n  view o f  t h e  h i g h l y  s p e c i f i c  n a t u r e  of  p a r t i a l  models.  That  
i s  t o  s a y ,  IIASA cannot  permi t  i t s e l f  -to b u i l d  a  h o s p i t a l  model 
o r  t h e  model o f  some d i s e a s e  s p e c i f i c a l l y  f o r  a  p a r t i c u l a r  coun- 
t r y .  IIASA can  unde r t ake  o n l y  t h e  b roades t  p o s s i b l e  tasks- -  
t a s k s  o f  i n t e r e s t  t o  a l l  c o u n t r i e s .  

I t  i s  f o r t u n a t e ,  indeed ,  t h a t  i n t e r n a t i o n a l  h e a l t h  c a r e  
has  a t  i t s  d i s p o s a l  t h e  s e r v i c e s  of  t h e  World Heal th  Organiza-  
t i o n .  For  a  q u a r t e r  o f  a  c e n t u r y ,  WHO has  been working on 
h e a l t h  c a r e  problems i n  v a r i o u s  c o u n t r i e s .  IIASA cannot  a l l ow  
i t s e l f  t o  d u p l i c a t e  t h e  work o f  WHO o r  t o  compete i n  any way 
w i t h  WHO. Consequently IIASA should choose  a  t a s k  which w i l l  
d eve lop  t h e  i d e a s  o f  WHO wh i l e  t a k i n g  i n t o  account  t h e  s p e c i a l  
n a t u r e  of  IIASA i t s e l f ,  w i t h  i t s  emphasis on a p p l i e d  systems 
a n a l y s i s .  

From t h e s e  two s t a t e m e n t s  emerges a  third--1IASA should 
concern  i t s e l f  w i t h  t h e  macro-modeling of  h e a l t h  c a r e .  I n  my 
op in ion ,  IIASA posses se s  n e i t h e r  t h e  s t r e n g t h  no r  t h e  r e s o u r c e s  
t o  f i l l  such  a  macro-model w i t h  o p e r a t i o n a l ,  s p e c i f i c  d a t a  f o r  
any coun t ry .  I n s t e a d ,  IIASA should  occupy i t s e l f  w i t h  develop-  
i n g  a  u n i v e r s a l  modeling methodology. 



I t  i s  t h e s e  t h r e e  p r e r e q u i s i t e s ,  o r ,  i n  t h e  words of model- 
i n g  s p e c i a l i s t s ,  c o n s t r a i n t s ,  which should  de t e rmine  t h e  c h o i c e  
of themes f o r  IIASA' s Biomedical P r o j e c t .  

I f  we d e c i d e  t h a t  IIASA should  under take  t h e  development 
of  h e a l t h  c a r e  macro-modeling methodology, t hen  we a r e  f aced  
w i t h  t h e  problem t h a t  we have been d i s c u s s i n g  from t h e  f i r s t  
t o  t h e  l a s t  day o f  t h e s e  d i s c u s s i o n s ,  i . e . ,  i s  a  u n i v e r s a l  
h e a l t h  c a r e  macro-modeling methodology p o s s i b l e  f o r  c o u n t r i e s  
w i t h  d i f f e r e n t  socio-economic systems? I f  such a  methodology 
i s  t h e o r e t i c a l l y  imposs ib l e ,  t h e n  we w i l l  have t o  bury t h e  i d e a  
I f  such  a  methodology i s  p o s s i b l e ,  t h e n  t h i s  t o p i c  should  be  
developed.  I t  g i v e s  me deep  s a t i s f a c t i o n  t h a t  a lmost  a l l  t h e  
p a r t i c i p a n t s  i n  t h i s  d i s c u s s i o n  have s a i d  "yes ,  such a  method- 
o logy  i s  p o s s i b l e " .  

Now l e t  u s  examine what s t a g e  we have reached  i n  t h e  c r e -  
a t i o n  of  a  h e a l t h  c a r e  macro-model. There a r e  f o u r  o r  f i v e  
h e a l t h  c a r e  macro-models i n  t h e  wor ld ,  b u t  n o t  one of them has  
reached  t h e  s t a g e  where it might  be recommended f o r  o t h e r  coun- 
t r i e s .  Th i s  h o l d s  t r u e  f o r  ou r  model a l s o ,  a l t hough  it has  
been s a i d  about  our  model t h a t  it i s  t h e  most ambi t i ous ,  t ho r -  
ough-going and h i g h l y  developed t o  d a t e .  I c o n s i d e r  t h a t ,  hav- 
i n g  r e g a r d  t o  t h e  amount o f  e f f o r t  involved  and t h e  i n t e l l e c t u a l ,  
f i n a n c i a l  and o t h e r  r e s o u r c e s  r e q u i r e d ,  t h e  t a s k  of  b u i l d i n g  a  
working h e a l t h  c a r e  macro-model i s  comparable on ly  t o  t h e  most 
ambi t ious  programs, l i k e  t h e  Apollo P r o j e c t .  We must t h e r e f o r e  
f u l l y  unders tand  t h a t  we a r e  j u s t  a t  t h e  beginning  of a  long  
road .  

From t h i s  fo l l ows  t h e  nex t  s t a t emen t .  I f  w e  cou ld  u n i t e  
ou r  e ' f f o r t s  i n  t h e  f i e l d  of  macro-modeling methodology, t h e n  
w e  might  s ave  y e a r s  o f  l a b o r ,  money and s o  f o r t h .  I f  w e  do  n o t  
u n i t e  ou r  e f f o r t s ,  t h e n  each coun t ry  w i l l  spend s i g n i f i c a n t l y  
more t o  ach i eve  t h e  same r e s u l t s .  A s  p r a c t i c a l  men, we should 
a l l  a p p r e c i a t e  w e  have a  c l e a r - c u t  common i n t e r e s t  i n  t h e  bus i -  
n e s s  o f  economizing. 

Then t h e r e  emerges t h e  n e x t  problem. Granted we have reach-  
ed agreement over  t h e s e  l a s t  few days  on a l l  t h e  preceding  s t a t e -  
ments ,  it i s  now t ime t o  proceed t o  a  workable d i s t r i b u t i o n  of 
t a s k s :  who should do what i n  t h e  c o u r s e  of  t h e s e  a c t i v i t i e s .  
And i n  t h i s  r e g a r d  I a m  p l ea sed  t o  s ay  t h a t  du r ing  t h i s  con fe r -  
ence ,  i n  s p i t e  of  l a c k  of  t ime ,  we have succeeded i n  coming t o  
a n  agreement w i t h  M r .  McDonald of  t h e  United Kingdom Department 
o f  Hea l th  and S o c i a l  S e c u r i t y  a s  t o  what p l a c e  is t o  be occupied 
i n  our  g e n e r a l  scheme by t h o s e  models be ing  worked o u t  by him 
and h i s  a s s o c i a t e s .  W e  have a l s o  succeeded i n  r each ing  a n  agree-  
ment w i th  D r .  Miksl  (CSSR) t h a t  he w i l l  unde r t ake  t o  deve lop  a  
p a r t i a l  model--the r e l a t i o n s h i p  between a  p o p u l a t i o n ' s  h e a l t h  
and t h e  deg ree  of  environmental  p o l l u t i o n .  I s i n c e r e l y  hope 
t h a t  I w i l l  have t h e  o p p o r t u n i t y  t o  make s i m i l a r  agreements  w i th  
a l l  t h e  remaining p a r t i c i p a n t s  a t  ou r  Conference. Unresolved 



problems s t i l l  outnumber o u r  ach ievements ,  b u t ,  t h a n k s  t o  o u r  
Conference ,  I am o p t i m i s t i c  abou t  t h e  f u t u r e  o f  h e a l t h  c a r e  
macro-modeling. 

F i n a l l y ,  t h e r e  i s  t h e  problem which was touched upon t oday  
d u r i n g  d i s c u s s i o n s - - t h e  problem of money and r e s o u r c e s  t o  sup- 
p o r t  work o f  t h e  Biomedical  P r o j e c t .  T h i s ,  o f  c o u r s e ,  is  a n  
e s s e n t i a l  r equ i r emen t .  But I t h i n k  t h a t  t h i s  problem w i l l ,  a s  
w e  s a y  i n  my c o u n t r y ,  b e  r e s o l v e d  "on t h e  j ob" ,  a s  work pro-  
g r e s s e s .  

And I t hank  you a l l  aga in .  W e  have r e c e i v e d  such  a mass 
o f  u s e f u l  i n f o r m a t i o n  o v e r  t h e s e  l a s t  few d a y s  t h a t  many weeks 
w i l l  b e  n e c e s s a r y  t o  d i g e s t  it a l l .  I hope I w i l l  have t h e  
o p p o r t u n i t y  o f  b e i n g  i n  t ouch  w i t h  you many more t i m e s  by c o r -  
respondence .  

Thank you v e r y  much. 
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a s  They I n f l u e n c e  t h e  O p e r a t i o n  
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