
I ' -  

Systems Modeling 
in Health Care 





SYSTEMS MODELING IN HEALTH CARE 

Proceedings of an IIASA Conference 
November 22-24, 1977 

E.N. Shigan, Editor 

CP-78-12 
December 1978 

Views expressed herein are those of the contributors and not neces- 
sarily those of the International Institute for Applied Systems Analysis. 

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
Laxenburg, Austria 





PREFACE 

An international conference on the elaboration of a dynamic health 
care systems model was held in Laxenburg on November 22-24, 1977, 
following conferences held in Baden (1974) and in Moscow (1975). This 
conference was dedicated to  the further development of health care sys- 
tems modeling at IIASA, its National Member Organizations (NMOs), and 
international organizations. Participants represented 13 countries and the 
Headquarters of the World Health Organization and its Regional Office 
for Europe. 

This conference focused on the development and practical application 
of mathematical models of health care systems elaborated at IIASA and 
its NMOs. The proceedings include papers submitted by the organizers of 
this conference, reports by the participants from different national and 
international organizations, and the main content of discussions that took 
place during all sessions. 
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WELCOMING ADDRESS 

R.E. Lev ien ,  D i r e c t o r ,  IIASA 

F i r s t ,  l e t  me s a y  someth ing  a b o u t  t h e  h i s t o r y  o f  IIASA, and  
t h e n  I w i l l  t e l l  you a b o u t  o u r  o r g a n i z a t i o n ,  o u r  r e s e a r c h  p l a n ,  
a n d  o u r  s t y l e  o f  work. 

T h i s  i s  a n  i m p o r t a n t  t i m e  f o r  IIASA. W e  a r e  now c e l e b r a t i n g  
t h e  f i f t h  a n n i v e r s a r y  o f  IIASA's c h a r t e r ,  which was s i g n e d  on  
O c t o b e r  4 ,  1972, i n  London by r e p r e s e n t a t i v e s  o f  12 N a t i o n a l  
Member O r g a n i z a t i o n s .  But  t h i s  c e n t r a l  e v e n t  i n  o u r  h i s t o r y  
was a c t u a l l y  p receeded  by f i v e  and  a  h a l f  y e a r s  o f  n e g o t i a t i o n s .  
The i d e a  f o r  IIASA f i r s t  a r o s e  a t  t h e  end  o f  1966,  when t h e  t h e n  
p r e s i d e n t  o f  t h e  U n i t e d  S t a t e s ,  Lyndon Johnson ,  s u g g e s t e d  t h a t  
a n  i n s t i t u t e  b e  e s t a b l i s h e d  t o  work on t h e  common problems o f  
t h e  d e v e l o p e d  c o u n t r i e s  and  t h u s  t o  serve a s  a  b r i d g e  between 
E a s t  and  West. McGeorge Bundy, J o h n s o n ' s  n a t i o n a l  s e c u r i t y  
a d v i s e r ,  who s u b s e q u e n t l y  became p r e s i d e n t  o f  t h e  Ford Founda t ion ,  
was a s k e d  t o  e x p l o r e  t h i s  i d e a  w i t h  t h e  S o v i e t  Union. I n  t h e  
s p r i n g  o f  1967, Bundy t a l k e d  w i t h  S o v i e t  o f f i c i a l s ,  i n c l u d i n g  
Jermen G v i s h i a n i  who, t h e n  and  now, was d e p u t y  chairman o f  t h e  
S t a t e  Committee on  S c i e n c e  and Technology i n  t h e  S o v i e t  Union. 
I t  was a g r e e d  t o  p r o c e e d  w i t h  t h o s e  d i s c u s s i o n s ,  which were t h e n  
f o l l o w e d  by f i v e  y e a r s  o f  m u l t i n a t i o n a l  n e g o t i a t i o n s ,  f i n a l l y  
l e a d i n g  t o  t h e  e s t a b l i s h m e n t  o f  t h e  I n s t i t u t e  a b o u t  f i v e  y e a r s  
ago .  

One o f  t h e  most  i m p o r t a n t  d e c i s i o n s  made d u r i n g  t h e  c o u r s e  
o f  t h o s e  n e g o t i a t i o n s  was t h a t  IIASA would n o t  b e  an  i n t e r g o v e r n -  
m e n t a l  o r g a n i z a t i o n ,  b u t  r a t h e r  would b e  a  nongovernmental  o r g a -  
n i z a t i o n .  Thus t h e  member o r g a n i z a t i o n s  o f  IIASA a r e  s c i e n t i f i c  
i n s t i t u t i o n s ,  n o t  governments .  As a  r e s u l t  o f  t h a t  d e c i s i o n ,  
t h e  s c i e n t i s t s  a t  IIASA come a s  i n d i v i d u a l s  and  n o t  a s  r e p r e -  
s e n t a t i v e s  o f  t h e i r  governments ,  which makes p o s s i b l e  a n  open ,  
f r e e ,  a n d  o b j e c t i v e  d i s c u s s i o n  o f  i s s u e s  which,  i n  o t h e r  f.orums, 
migh t  t a k e  on  a  p o l i t i c a l  c a s t .  

A  second  i m p o r t a n t  d e c i s i o n  was a c c e p t a n c e  o f  a n  o f f e r  by 
t h e  government  o f  A u s t r i a  t o  l o c a t e  t h e  I n s t i t u t e  h e r e  a t  S c h l o s s  
Laxenburg,  which had been s e v e r e l y  damaged d u r i n g  t h e  war and  i n  
t h e  y e a r s  t h e r e a f t e r .  However, a s  you c a n  see, t h e  A u s t r i a n  
government h a s  c o m p l e t e l y  r e n o v a t e d  t h e  S c h l o s s ,  a t  a  c o s t  o f  
a b o u t  $10 m i l l i o n .  

The IIASA c h a r t e r  was s i g n e d  on October  4 ,  1972, and t h e  
f i r s t  d i r e c t o r ,  Howard R a i f f a  f rom t h e  Harvard B u s i n e s s  S c h o o l ,  
assumed l e a d e r s h i p .  He began w i t h  t h e  a m b i t i o n s  o f  t h e  f o u n d e r s  



i n  mind: t o  c r e a t e  an i n s t i t u t e  t h a t  would enhance i n t e r n a t i o n a l  
coope ra t ion ,  advance s c i e n c e  and systems a n a l y s i s ,  and app ly  
systems a n a l y s i s  and t h e  f i n d i n g s  of s c i e n c e  t o  impor tan t  i n t e r -  
n a t i o n a l  problems. Those who were s c e p t i c a l  about  t h e  I n s t i t u t e ' s  
chances o f  s u r v i v a l  i n  t hose  days  would have been j u s t i f i e d .  I t  
was d i f f i c u l t  t o  r e c r u i t  a  s t a f f  from 12 d i f f e r e n t  c o u n t r i e s  and 
t o  g e t  them t o  work t o g e t h e r  i n  a  new d i s c i p l i n e  on impor tan t  
i n t e r n a t i o n a l  problems. But R a i f f a  succeeded very  w e l l ,  and by 
June 1973, t h e  f i r s t  s c i e n t i f i c  work a t  t h e  I n s t i t u t e  had a l r e a d y  
begun. Three y e a r s  t h e r e a f t e r ,  we h e l d  o u r  IIASA Conference 
(something w e  must do eve ry  t h r e e  y e a r s  acco rd ing  t o  o u r  c h a r t e r )  
t o  r e p o r t  on p rog re s s  o f  t h e  I n s t i t u t e  up t o  t h a t  t i m e .  The con- 
f e r e n c e  was a  succes s  and l e d  t o  f u r t h e r  suppor t  and a d d i t i o n a l  
membership i n  t h e  I n s t i t u t e .  

I have a l r e a d y  mentioned t h a t  t h e  IIASA c h a r t e r  was s igned  
by 12 Nat iona l  Member Organ iza t ions .  The l i s t  o f  founding member 
o r g a n i z a t i o n s  of  IIASA inc ludes :  t h e  Royal S o c i e t y  of  t h e  UK,  
t h e  P o l i s h  Academy of  Sc i ences ,  t h e  Nat iona l  Research Council  i n  
I t a l y ,  t h e  Academy of  Sc iences  o f  t h e  S o v i e t  Union, t h e  Academy 
o f  Sc i ences  o f  t h e  United S t a t e s ,  e t c .  These o r g a n i z a t i o n s  
ag reed  t o  p a r t i c i p a t e  d u r i n g  t h e  cou r se  o f  n e g o t i a t i o n s .  I n  
1973, t h e  Aus t r i an  Academy o f  Sc i ences  became a  member; i n  1974, 
t h e  Hungarian Committee f o r  Applied Systems Ana lys i s ;  and then  
a f t e r  t h e  IIASA Conference i n  1976, committees from Sweden, 
F in land ,  and The Nether lands  jo ined ,  b r i n g i n g  IIASA's t o t a l  
membership t o  1 7  Nat iona l  Member Organ iza t ions .  

These o r g a n i z a t i o n s  have a  number o f  r i g h t s  and o b l i g a t i o n s .  
The f i r s t  r i g h t  i s  t o  p a r t i c i p a t e  i n  t h e  IIASA Counci l ,  which 
meets a n n u a l l y  t o  s e t  t h e  b a s i c  p o l i c y  f o r  t h e  I n s t i t u t e ,  and 
t o  approve i t s  budget  and r e s e a r c h  p l a n  each y e a r .  The p r i n c i -  
p a l  o b l i g a t i o n  o f  t h e  membership i s  t o  suppor t  t h e  I n s t i t u t e .  
Each Na t iona l  Member Organ iza t ion  c o n t r i b u t e s  annua l ly  t o  a  
b a s i c  fund f o r  which t h e r e  a r e  two k inds  o f  c o n t r i b u t i o n s .  The 
United S t a t e s  and t h e  S o v i e t  Union a r e  i n  ca t ego ry  A. This  y e a r  
each  gave $1.4 m i l l i o n  through t h e i r  n a t i o n a l  academies of  s c i e n c e s .  
Each o f  t h e  o t h e r  15 members c o n t r i b u t e d  $218,000 t h i s  y e a r ,  g i v i n g  
u s  a  t o t a l  income o f  about  $6.12 m i l l i o n .  Our founders  were very  
wise i n  many r e s p e c t s ,  and they  made many good c h o i c e s .  But one 
u n f o r t u n a t e  d e c i s i o n ,  which was made be fo re  t h e  s e l e c t i o n  o f  
A u s t r i a  a s  t h e  s i t e  o f  t h e  I n s t i t u t e ,  was t o  denominate o u r  con- 
t r i b u t i o n s  i n  d o l l a r s .  A t  t h e  t i m e  t h e  c o n t r i b u t i o n s  were e s t a b -  
l i s h e d  t h e  d o l l a r  bought 23.2 s c h i l l i n g s .  But t h o s e  o f  you who 
have been . t o  a  bank r e c e n t l y  know t h a t  you r e c e i v e d  less than  
16 s c h i l l i n g s  f o r  your d o l l a r ,  which h a s ,  o f  c o u r s e ,  a f f e c t e d  
t h e  f i n a n c e s  of  t h e  I n s t i t u t e .  Even though d o l l a r  c o n t r i b u t i o n s  
have inc reased ,  o u r  a b i l i t y  t o  purchase goods and s e r v i c e s  i n  
A u s t r i a  has  n o t  i n c r e a s e d  a t  a l l .  I n  f a c t ,  it has  d e c l i n e d  
s i n c e  t h e  i n i t i a t i o n  of  t h e  I n s t i t u t e .  

Regarding t h e  r e s e a r c h  program of  t h e  I n s t i t u t e ,  we have 
what i s  c a l l e d  a  ma t r ix  o r g a n i z a t i o n  o f  r e s e a r c h  wi th  two dimen- 
s i o n s ,  cor responding  t o  t h e  ph ra ses  i n  o u r  t i t l e - - " i n t e r n a t i o n a l  



a p p l i e d " ,  and "systems a n a l y s i s " .  A s  t o  t h e  f i r s t  ph ra se ,  one 
of  t h e  f i r s t  i s s u e s  f o r  IIASA was t o  dec ide  what i n t e r n a t i o n a l  
and a p p l i e d  meant. I t  c e r t a i n l y  meant working on problems of  
i n t e r n a t i o n a l  importance,  b u t  t h e r e  a r e  d i f f e r e n t  k inds  o f  prob- 
lems,  and we found it u s e f u l  t o  d i s t i n g u i s h  two. F i r s t ,  t h e r e  
a r e  "g loba l "  problems-- issues t h a t  i n h e r e n t l y  c u t  a c r o s s  n a t i o n a l  
bounda r i e s ,  t h a t  cannot  be  r e s o l v e d  wi thou t  t h e  j o i n t  a c t i o n  of  
many c o u n t r i e s .  For example, p r e s e r v a t i o n  o f  t h e  c l i m a t e ,  ex- 
p l o i t a t i o n  o f  t h e  oceans ,  p lanning  f o r  o u r  f u t u r e  energy and 
food s u p p l i e s .  IIASA has  a r o l e  t o  p l ay  i n  g l o b a l  problems 
because  we a r e  a unique  i n s t i t u t i o n ,  where s c i e n t i s t s  from many 
d i f f e r e n t  c o u n t r i e s ,  spanning a wide range o f  p o l i t i c a l ,  s o c i a l ,  
and economic space ,  can work t o g e t h e r  on t h e  problems we a l l  f a c e  
i n  t h e  f u t u r e .  

The second k ind  of  i n t e r n a t i o n 2 1  problems we d i s t i n g u i s h  a r e  
" u n i v e r s a l "  problems-- issues t h a t  l i e  w i t h i n  n a t i o n a l  boundar ies  
and a r e  s u b j e c t  t o  t h e  d e c i s i o n  power o f  i n d i v i d u a l  n a t i o c a l  o r  
r e g i o n a l  governments. But t h e s e  problems a r e  i n t e r n a t i o n a l  i n  
t h e  s ense  t h a t  a l l  n a t i o n s  s h a r e  them. The re fo re ,  IIASA h a s  a 
r o l e  t o  p l a y  i n  t h e  exchange of  expe r i ence  and in fo rma t ion  and 
methodology from count ry  t o  coun t ry ,  p a r t i c u l a r l y  a c r o s s  s o c i a l ,  
economic, and p o l i t i c a l  boundar ies .  The problem t h a t  you a r e  
d e a l i n g  wi th  a t  t h i s  conference  f a l l s  i n  t h i s  c a t e g o r y .  Heal th  
c a r e  p lanning  is a n a t i o n a l  problem, a u n i v e r s a l  problem, which 
a l l  t h e  n a t i o n s  you r e p r e s e n t  s h a r e .  The purpose o f  your coming 
t o g e t h e r  i s  t o  exchange your expe r i ence  and work i n  t h i s  f i e l d .  

I n  o r d e r  t o  have an impact on major problems, we have e s t a b -  
l i s h e d  what we c a l l  "Programs". These a r e  groupings  o f  people 
focused  on t h e  problems o f  energy ,  f o r  example. Two g l o b a l  
programs a r e  underway a t  t h e  moment--the f u t u r e  development of  
o u r  energy  system and a s i m i l a r  problem d e a l i n g  wi th  food,  both 
on a g l o b a l  s c a l e .  Each of t h e s e  programs has  a c o r e  s t a f f  and 
then  draws t h e  r e s t  o f  i t s  s t a f f  from o u r  "Research Areas" .  This  
i s  t h e  p r i n c i p l e  t h a t  we a r e  t r y i n g  t o  develop  a t  t h e  I n s t i t u t e .  

The second phrase  i n  ou r  t i t l e  i s  "systems a n a l y s i s " ,  which 
means d i f f e r e n t  t h i n g s  t o  d i f f e r e n t  people .  Thus a second d i f  - 
f i c u l t y  t h a t  IIASA faced  i n  i t s  e a r l y  y e a r s  was t o  g i v e  a meaning 
t o  t h e  ph ra se  "systems a n a l y s i s "  i n  t h i s  i n t e r n a t i o n a l  s e t t i n g .  
A f t e r  f i v e  y e a r s  of  expe r i ence ,  we have concluded t h a t  i t  means, 
f i r s t ,  a concern wi th  t h e  problems a s  seen by dec is ionmakers ;  b u t ,  
second,  i t  means t a k i n g  a h o l i s t i c  view o f  t h o s e  problems, t h a t  
i s ,  an  examinat ion n o t  l i m i t e d  by d i s c i p l i n a r y  o r  by m i n i s t e r i a l  
o r  b u r e a u c r a t i c  boundar ies ,  b u t  which l i n k s  t h o s e  a s p e c t s  of  t h e  
problem t h a t  r e a l l y  a f f e c t  d e c i s i o n s .  I n  t h e  r e a l  wor ld ,  t h e s e  
a s p e c t s  a r e  u s u a l l y  q u i t e  d i v e r s e .  I n  s tudy ing  energy,  one has  
t o  unders tand  t h e  r e sou rces  t h a t  u n d e r l i e  t h e  energy system and 
t h e  technology,  t h e  demands t h a t  a r i s e  from human needs,  and t h e  
manager ia l  problkms. And one must have t h e  t o o l s  t o  ana lyze  
t h e s e  complex i s s u e s .  That  i s  t r u e  of  any r e a l  systems a n a l y s i s ,  
which i m p l i e s  t h a t  a t  IIASA, one must have a wide range  of  exper-  
t i s e - -peop le  who know abou t  r e s o u r c e s ,  abou t  environment ,  abou t  



human needs--who can  j o i n  wi th  a sma l l  c a d r e  o f  systems a n a l y s t s  
i n  ana lyz ing  a complex problem. 

The second dimension o f  o u r  m a t r i x ,  "Research Areas" ,  r e p r e -  
s e n t s  fou r  poo l s  of  t a l e n t .  F i r s t ,  Resources and Enviroilment 
i n c l u d e s  t h e  e a r t h ' s  n a t u r a l  endowment--its r e s o u r c e s ,  i t s  envi -  
ronment, and t h e  way they  i n t e r a c t .  Second, Human Se t t l emen t s  
and S e r v i c e s  cove r s  t h e  e a r t h ' s  human resources--how they a r e  
d i s t r i b u t e d ,  t h e  i n f r a s t r u c t u r e  needed f o r  t h e i r  suppor t ,  t h e  
f a c i l i t i e s  needed t o  meet t h e i r  needs .  Th i s  a r e a  i s  sponsor ing  
t h i s  conference ,  because ,  o f  c o u r s e ,  h e a l t h  c a r e  i s  one o f  t h e  
needs o f  t h e  w o r l d ' s  human r e s o u r c e s .  The t h i r d  Research Area 
i s  Management and Technology, which i s  concerned w i t h  manmade 
c o n t r i b u t i o n s  t o  t h e  e a r t h .  Our f o u r t h  a r e a  is  System and 
Decis ion  Sc i ences ,  which comprises  t h e  mathemat ica l  and computa- 
t i o n a l  s p e c i a l i s t s  who have t h e  t o o l s  and methods needed f o r  
d e a l i n g  w i t h  complex systems.  

The theo ry  a t  IIASA i s  t h a t  t h e s e  poo l s  o f  people  w i l l  l i n k  
u s  t o  t h e  s t a t e - o f - t h e  a r t  and t o  t h e  communities o f  e x p e r t s  
working i n  t h e s e  f o u r  impor t an t  a r e a s ,  t h a t  t h e s e  s c i e n t i s t s  w i l l  
c a r r y  on t h e i r  own r e s e a r c h ,  and t h a t  they  w i l l  a l s o  c o n t r i b u t e  
t o  c r o s s - c u t t i n g  s t u ~ l i e s  o f  major impor t an t  i n t e r n a t i o n a l  prob- 
lems. Each a r e a  i n c l u d e s  a c t i v i t i e s  t h a t  a r e  be ing  under taken  
f o r  t h e i r  c o n t r i b u t i o n  t o  t h e  advancement o f  t h e  s t a t e - o f - t h e - a r t  
o f  t h a t  a r e a ,  and because they  may b r i n g  t o  t h a t  a r e a  some o f  t h e  
b e n e f i t s  o f  a more g e n e r a l  systems a n a l y s i s  approach.  The t o p i c  
o f  t h i s  Conference l i e s  w i t h i n  t h i s  p a r t  o f  t h e  Human Se t t l emen t s  
and S e r v i c e s  Area; it i s  t h e  s tudy  o f  h e a l t h  c a r e  systems modeling, 
drawing on IIASA's e x p e r t i s e  i n  systems a n a l y s i s .  

To c a r r y  o u t  t h i s  r a t h e r  ambi t ious  program, we have r e l a t i v e l y  
r e s t r i c t e d  i n t e r n a l  r e s o u r c e s .  Our budget  o f  abou t  $6  m i l l i o n  
a l l ows  u s  t o  pay t h e  s a l a r i e s  o f  about  70 s c i e n t i s t s  p e r  y e a r ,  
which i s  a r a t h e r  sma l l  number t o  c a r r y  o u t  t h e  ambi t ious  program 
I have ske t ched .  I n  f a c t ,  t h e  work we t r y  t o  do would be imprac- 
t i c a b l e  i f  it had t o  be c a r r i e d  o u t  by j u s t  t h i s  s t a f f .  IIASA 
does  n o t  aim t o  be s e l f - s u f f i c i e n t .  I t  i s  n o t  o u r  purpose t o  
c a r r y  o u t  w i t h i n  t h i s  Sch los s  a l l  o f  t h e  work t h a t  i s  i n  our  
program, b u t  t o  u se  o u r  c o r e  s t a f f  a s  a m o b i l i z i n g  f o r c e  f o r  
b r i n g i n g  t o g e t h e r  workers  and groups  from many d i f f e r e n t  n a t i o n s .  
And t h a t e  a r e  r e p r e s e n t a t i v e s  i n  t h i s  room o f  groups  from d i f f e r -  
e n t  na t ions- -Japan ,  GDR, t h e  UK,  Finland--who a r e  working t o g e t h e r  
w i t h  o u r  team i n  a c o l l a b o r a t i v e  manner. That  i s  t h e  s p i r i t  o f  
IIASA; t h a t  i s  t h e  purpose of  t h i s  I n s t i t u t e .  

I n  a d d i t i o n  t o  t h e  c o r e  o f  about  70 s c i e n t i s t s ,  we have each 
y e a r  abou t  10 more s c i e n t i s t s  who a r e  g u e s t  s c h o l a r s - - t h e i r  s a l a -  
r i e s  a r e  p a i d  by t h e i r  home i n s t i t u t i o n s  and they  work wi th  u s  i n  
a v a r i e t y  of  c a p a c i t i e s .  We a l s o  r e c e i v e  each y e a r  about  $1 m i l -  
l i o n  i n  e x t e r n a l  funds from UN agenc i e s  l i k e  UNEP, UNIDO,  UNESCO; 
from foundations--Ford,  Rocke fe l l e r ,  and Volkswagen; and from 
governmental  agenc i e s .  These funds  enab le  u s  t o  h i r e  a n o t h e r  
15 s c i e n t i s t s .  Thus, i n  f a c t ,  t h e  l e v e l  of  e f f o r t  a t  IIASA i s  



n o t  70,  b u t  a b o u t  90 t o  95 s c i e n t i s t - y e a r s  e a c h  y e a r .  But  t h e  ma- 
j o r  augmenta t ion  o f  o u r  f o r c e s  i s  t h r o u g h  c o l l a b o r a t i v e  r e s e a r c h - -  
u s i n g  o u r  i n t e r n a l  c o r e  t o  draw t o g e t h e r  and l i n k  r e s e a r c h  e f f o r t s  
t o  o t h e r  i n s t i t u t i o n s  w i t h  IIASA and  w i t h  e a c h  o t h e r ,  s o  t h a t  t h e  
o v e r a l l  i m p a c t  o f  c o l l a b o r a t i v e  e f f o r t s  on t h e  m a j o r  problems can  
be s i g n i f i c a n t  . 

O c c a s i o n a l l y ,  we a l s o  o b t a i n  f u r t h e r  b e n e f i t s  from what we 
c a l l  " c a t a l y z e d  r e s e a r c h " ,  t h a t  i s ,  work underway i n  o t h e r  i n s t i -  
t u t e s  t h a t  i s  n o t  d i r e c t l y  l i n k e d  t o  IIASA's r e s e a r c h  program b u t  
i s  i n  some way o r  a n o t h e r  i n s p i r e d  by it. And, f i n a l l y ,  t h i s  
Conference  i s  a n  example o f  IIASA's i n f o r m a t i o n  exchange f u n c t i o n ,  
o n e  t h a t  we hope b e a r s  mutua l  b e n e f i t .  

Thus it i s  t h r o u g h  t h e  c o m b i n a t i o n  o f  i n t e r n a l  e f f o r t  and 
m o b i l i z e d  and  i n s p i r e d  e x t e r n a l  e f f o r t  t h a t  IIASA hopes  t o  make 
some p r o g r e s s  a g a i n s t  t h e  i m p o r t a n t  problems t h a t  o u r  f o u n d e r s  
and  o u r  C o u n c i l  h a v e  posed  f o r  u s .  I welcome you t o  t h e s e  n e x t  
few d a y s  o f  d e l i b e r a t i o n s ,  and I hope t h a t  you have a  s u c c e s s f u l  
m e e t i n g .  F u r t h e r m o r e ,  I hope t h a t  you w i l l  become members o f  t h e  
l a r g e r  IIASA team and c o n t i n u e  y o u r  a s s o c i a t i o n  w i t h  t h e  I n s t i t u t e ,  
n o t  o n l y  f o r  t h e s e  few d a y s ,  b u t  a s  you r e t u r n  home and keep  i n  
t o u c h  w i t h  u s .  



WELCOMING ADDRESS 

A. Rogers ,  Chairman, 
Human S e t t l e m e n t s  and S e r v i c e s  Area 

I t  i s  a  p l e a s u r e  t o  welcome you t o  a  c o n f e r e n c e  sponsored  
by  t h e  Human S e t t l e m e n t s  and S e r v i c e s  (HSS) Area.  

I would l i k e  t o  i n t r o d u c e  you t o  t h e  b r o a d e r  c o n t e x t  o f  t h e  
Human S e t t l e m e n t s  Area and t o  how h e a l t h  c a r e  a c t i v i t i e s  f i t  
w i t h i n  t h i s  b r o a d e r  c o n t e x t .  Our Area h a s  s e v e r a l  m i s s i o n s ,  one  
o f  t h e  most  i m p o r t a n t  b e i n g  t h e  p r o v i s i o n  o f  a  c o r e  o f  e x p e r t s  
f o r  t h e  v a r i o u s  Programs and  o f  j o i n t  appoin tments  f o r  t a s k s  t h a t  
c u t  a c r o s s  i n d i v i d u a l  Areas .  Of c o u r s e ,  t h e s e  e x p e r t s  l i k e  t o  
c o n t i n u e  some o f  t h e  r e s e a r c h  t h e y  were d o i n g  a t  t h e i r  n a t i o n a l  
i n s t i t u t i o n s ,  s o  w h i l e  a t  IIASA t h e y  s t r i v e  t o  expand t h e  s t a t e  
o f  t h e i r  a r t  i n  t h e i r  p a r t i c u l a r  d i s c i p l i n e .  But ,  a s  an  i n t e r -  
d i s c i p l i n a r y  i n s t i t u t e  we, a t  t h e  same t i m e ,  t r y  t o  coax them 
i n t o  work ing  t o g e t h e r  a c r o s s  d i s c i p l i n e s  i n  o r d e r  t o  p roduce  a  
m u l t i d i s c i p l i n a r y ,  s y s t e m - a n a l y t i c  view o f  some o f  t h e s e  problems.  
And, i f  s u c c e s s f u l ,  we d i s s e m i n a t e  t h e  r e s u l t s .  I n  t h e  p r o c e s s ,  
we o f t e n ,  a s  Areas ,  a c t  a s  s e e d b e d s  f o r  f u t u r e  Programs.  The 
Food Program, f o r  example,  o r i g i n a t e d  a s  an  a c t i v i t y  w i t h i n  t h e  
Resources  a n d  Environment  Area.  And, f i n a l l y ,  p e r h a p s  most  i m -  
p o r t a n t l y ,  w e  t r y  t o  l i n k  o u r  work w i t h  work go ing  on a t  n a t i o n a l  
and i n t e r n a t i o n a l  i n s t i t u t i o n s .  

The HSS Area f o c u s e s  on p e o p l e - - t h e i r  n e e d s ,  t h e i r  b e h a v i o r ,  
and t h e i r  i m p a c t  on r e s o u r c e s  and t h e  env i ronment .  Research i s  
o r g a n i z e d  a round  t h r e e  major  d imens ions ,  which o v e r l a p ,  a s  most 
c l a s s i f i c a t i o n s  d o ,  b u t  which by and l a r g e  a r e  d i s t i n g u i s h a b l e  
by t h e  t i m e  frame o f  t h e  dec i s ionmaker  a d d r e s s i n g  t h e s e  p a r t i c u -  
l a r  i s s u e s .  A t  one  ex t reme,  we have t h e  s h o r t - t e r m  management 
problems f a c e d  by d e c i s i o n m a k e r s ,  f o r  example,  t r a f f i c  s y s t e m s  
c o n t r o l .  You may change t h e  s i g n a l i z a t i o n  sys tem,  b u i l d  a n o t h e r  
l a n e ,  widen t h e  r o a d ,  b u t  e s s e n t i a l l y  you a r e  d e a l i n g  w i t h  a  s h o r t -  
r u n  management problem--you a r e  n o t  changing  t h e  s t r u c t u r e  of  t h e  
sys tem,  j u s t  t r y i n g  t o  make it work more e f f i c i e n t l y .  

A t  t h e  o t h e r  ex t reme,  t h e r e  a r e  problems o f  development ,  
which a r e  long- te rm,  15- o r  20-year  h o r i z o n  problems;  long- range  
p l a n s ,  f o r  example,  f a l l  i n t o  t h i s  c a t e g o r y .  And somewheye i n  
between a r e  problems o f  inves tment - - in  human r e s o u r c e s ,  i n  s e r -  
vices--and h e a l t h  c a r e  a c t i v i t i e s  f a l l  i n t o  t h i s  c a t e g o r y  w i t h i n  
o u r  s y s t e m  o f  o r g n a i z a t i o n .  

W e  have  j u s t  comple ted  n e x t  y e a r ' s  r e s e a r c h  p l a n  a n d ,  f o r  
t h e  f i r s t  t i m e ,  have gone beyond a  s i n g l e  a n n u a l  p l a n  i n t o  a  



f i ve -yea r  moving plan--moving forward each y e a r .  I n  t h i s  p l a n ,  
we have t r i e d  t o  a r t i c u l a t e  t h r e e  major  r e s e a r c h  themes: f i r s t ,  
improved methods of  systems 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  urban 
management problems, what w e  c a l l  urban sys tems management; second,  
human r e s o u r c e s ,  viewed a s  t h e  weal th  o f  n a t i o n s  and t h e  i n v e s t -  
ment i n  i n f r a s t r u c t u r e  and s e r v i c e s  t h a t  t hey  r e q u i r e ;  and t h i r d ,  
human s e t t l e m e n t  systems,  t h e i r  e v o l u t i o n  and t h e i r  impact on t h e  
environment .  

C u r r e n t l y ,  we have ongoing a c t i v i t i e s  i n  h e a l t h  c a r e ,  human 
s e t t l e m e n t  systems,  mig ra t ion  and s e t t l e m e n t ,  and popu la t i on  r e -  
s o u r c e s  and growth. The l a t t e r  t h r e e  d e a l  w i t h ,  i n  one way o r  
a n o t h e r ,  t h e  growth o f  urban a r e a s ,  t h e  growth o f  r e g i o n s ,  move- 
ments o f  popu la t i ons  among those  r e g i o n s ,  and t h e  consequences 
of  such movements. We a r e  c u r r e n t l y  i n i t i a t i n g  some new a c t i v -  
i t ies and making arrangements  f o r  concluding  a  few o l d  a c t i v i t i e s .  
The human s e t t l e m e n t  systems a c t i v i t y  and t h e  mig ra t ion  and s e t -  
t l emen t  a c t i v i t y  have been underway s i n c e  1975, and we p l an  t o  
conclude them i n  1978. We w i l l  ho ld  a  caps tone  conference  f o r  
each  of  t h e s e  t a s k s  and then  dec ide  what t o  do i n  t h e  f u t u r e .  

Two l i k e l y  f u t u r e  a c t i v i t i e s  w i l l  be combining what we have 
l e a r n e d  fzom t h e s e  two t a s k s  and choos ing  a  schema t h a t  draws on 
t h e  compara t ive  advantages  o f  IIASA, a  schema t h a t  w i l l  probably 
focus  on some o f  t h e  causes  o f  urban d e c l i n e  and r e v i v a l .  This  
w i l l  complement t h e  ongoing a c t i v i t y  on p o p u l a t i o n  r e s o u r c e s  and 
growth, which is focus ing  more, f o r  t h e  p r e s e n t  a t  l e a s t ,  on 
problems o f  t h e  developing  c o u n t r i e s ,  e s p e c i a l l y  t h o s e  o f  urban- 
i z a t i o n ,  a g r i c u l t u r a l  change, and economic development. 

We a r e  a l s o  s t a r t i n g  a  t a s k  i n  n u t r i t i o n  i n  c o l l a b o r a t i o n  
wi th  t h e  Food and A g r i c u l t u r e  Program, who needs demand i n p u t s  
f o r  i ts  n a t i o n a l  system of  a g r i c u l t u r a l  models.  And we a r e  
contempla t ing  s t a r t i n g  a  new a c t i v i t y  i n  manpower f o r e c a s t i n g  
and manpower p l ann ing  i n  t h e  nea r  f u t u r e .  Under t h e  urban 
systems management theme, we p l an  t o  c a r r y  o u t  a  few s t a t e - o f -  
t h e - a r t  surveys ;  t h a t  i s ,  e s s e n t i a l l y  one- o r  two man-year opera- 
t i o n s  which a r e  o f  i n t e r e s t  t o  o u r  v a r i o u s  NMOS and which s e r v e  
t h e  f u n c t i o n  o f  in format ion  exchange. 

I n  t h e  cou r se  of  c a r r y i n g  o u t  t h e s e  r e s e a r c h  a c t i v i t i e s ,  
o u r  Area i n t e r a c t s  w i th  o t h e r  IIASA Areas and Programs. For  
example, we a r e  c u r r e n t l y  working wi th  t h e  mathemat ic ians  i n  
t h e  System and Decision Sc i ences  Area on normative p o l i c y  models 
o f  popu la t i on  growth and development. We a r e  c o l l a b o r a t i r ~ g  wi th  
t h e  Food and A g r i c u l t u r e  Program on t h e  causes  and consequences 
o f  rura l - to-urban  mig ra t ion .  We p l a n  t o  c o l l a b o r a t e  w i th  t h e  
Management and Technology Area on some work i n  r e g i o n a l  hea1t.h 
c a r e  management i n  t h e  UK,  and a l s o  on ou r  work on computer 
i n fo rma t ion  systems.  We a r e  c o l l a b o r a t i n g  w i t h  s c h o l a r s  i n  t h e  
Resources and Environment Area, p r o v i d i n g  them w i t h  demometric 
a n a l y s e s  o f  p o p u l a t i o n ' s  i n t e r a c t i o n s  w i th  energy/environment 
sys tems.  F i n a l l y ,  we p l an  t o  c o l l a b o r a t e  w i th  t h e  I n t e g r a t e d  
Regional  Development work a t  IIASA by way o f  p r o v i d i n g  them wi th  
e x p e r t i s e  i n  r e g i o n a l  growth and i n f r a s t r u c t u r e  demand modeling. 



W e  a l s o  i n t e r a c t  w i t h  i n s t i t u t i o n s  o u t s i d e  o f  IIASA, f o r  
example,  i n s t i t u t i o n s  i n  o u r  NMO c o u n t r i e s ,  s u c h  a s  t h e  Urban 
I n s t i t u t e  i n  Washington and t h e  Urban Systems I n s t i t u t e  i n  t h e  
S o v i e t  Union. And we have  c o n t a c t s  w i t h  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 u c h  a s  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  World 
Bank, t h e  I n t e r n a t i o n a l  Labor  O r g a n i z a t i o n  ( I L O ) ,  t h e  P o p u l a t i o n  
C o u n c i l ,  and t h e  Uni ted  N a t i o n s  P o p u l a t i o n  D i v i s i o n .  Thus it is  
w i t h i n  t h i s  b r o a d e r  p i c t u r e  o f  r e s e a r c h  i n  t h e  Human S e t t l e m e n t s  
Area t h a t  t h e  h e a l t h  c a r e  a c t i v i t i e s  s h o u l d  b e  viewed. 



PART I 

S ta te  of t h e  A r t  i n  t h e  I I A S A  
H e a l t h  C a r e  S y s t e m s  M o d e l i n g  T a s k  





THE IIASA HEALTH CARE SYSTEMS MODEL 

D.D.  Venedic tov  and E.N. S h i g a n  

The development  o f  sys tems  a n a l y s i s  i s  an  i m p o r t a n t  p r e s e n t -  
day ach ievement ,  which h a s  r e s u l t e d  f rom t h e  need t o  s o l v e  i n t e r -  
d i s c i p l i n a r y ,  complex problems.  T h i s  methodology pays  s p e c i a l  
a t t e n t i o n  t o  t h e  inadequacy  o f  c o n s i d e r i n g  o n l y  i s o l a t e d  s i t u a -  
t i o n s .  R a t h e r ,  it i s  b a s e d  on a  well-known d i a l e c t i c  law con- 
c e r n i n g  t h e  i n t e r r e l a t i o n  and i n t e r d e p e n d e n c e  o f  e v e n t s ,  r e q u i r i n g  
t h a t  e a c h  e v e n t  and o b j e c t  be  c o n s i d e r e d  n o t  o n l y  a s  a  s p e c i f i c  
s y s t e m ,  b u t  a l s o  a s  a  subsys tem o f  t h e  l a r g e r  sys tem.  

The h e a l t h  c a r e  sys tem (HCS) i s  c o n s i d e r e d  t o  be a  l a r g e  and 
complex dynamic s y s t e m  c o n s i s t i n g  o f  a  s e t  o f  i n t e r r e l a t e d  sub- 
s y s t e m s ,  v e r y  c l o s e l y  r e l a t e d  t o  e x t e r n a l  sys tems  and j o i n e d  by 
t h e  common aim: t h e  h e a l t h  o f  t h e  p o p u l a t i o n  ( F i g u r e  1 ) .  T h i s  
s y s t e m  a l s o  c o m p r i s e s  s e v e r a l  h i e r a r c h i c a l  l e v e l s - - i n d i v i d u a l ,  
d i s t r i c t ,  n a t i o n a l ,  r e g i o n a l ,  and  g l o b a l  ( F i g u r e  2 ) .  

Each l e v e l  h a s  i t s  own s p e c i f i c  and n o n s p e c i f i c  problems.  
S p e c i f i c  p r o b l e m s  a r e  concerned  p a r t i c u l a r l y  w i t h  t h e  c o n t e n t  
o f  i n f o r m a t i o n  f o r  t h e  components o f  e a c h  l e v e l  ( i . e . ,  p a t i e n t -  
d o c t o r ,  doc tor -medica l  e s t a b l i s h m e n t ,  e t c . ) .  One o f  t h e  most 
i m p o r t a n t  problems p r e s e n t l y  f a c i n g  t h e  h e a l t h  c a r e  s y s t e m  i s  
t h e  c r e a t i o n  o f  a  computer  i n f o r m a t i o n  s y s t e m  f o r  each  h i e r a r -  
c h i c a l  l e v e l .  T h i s  problem h a s  many a s p e c t s ,  b e g i n n i n g  w i t h  
d e t e r m i n i n g  a  l i s t  o f  i n d i c e s  f o r  each  l e v e l  o f  t h i s  pyramid 
and  e n d i n g  w i t h  some t e c h n i c a l  p o i n t s .  These medica l  i n f o r m a t i o n  
problems a r e  r e c e i v i n g  s e r i o u s  a t t e n t i o n ,  n o t  o n l y  by n a t i o n a l  
c e n t e r s  b u t  a l s o  by 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  WHO, I F I P ,  
and t h e  World A s s o c i a t i o n  f o r  Medical  I n f o r m a t i c s .  I n  1977 a l o n e ,  
s e v e r a l  i n t e r n a t i o n a l  c o n g r e s s e s  ("Medcomp '77"  i n  B e r l i n ,  
"Medinfo-77" i n  Toron to ,  t e c h n i c a l  d i s c u s s i o n  d u r i n g  t h e  2 7 t h  
s e s s i o n  o f  t h e  WHO Regiona l  Committee i n  Munich, e t c . )  were h e l d  
t o  d i s c u s s  t h e s e  problems.  

N o n s p e c i f i c  p r o b l e m s  c o v e r  a l l  l e v e l s  o f  t h e  sys tem.  F o r  
example,  s t u d y  o f  each  l e v e l  a s  a  l a r g e  dynamic s y s t e m  and s t u d y  
o f  t h e  r e l a t i o n s h i p  o f  each  h i e r a r c h i c a l  l e v e l  t o  e x t e r n a l  sys tems  
a r e  c o n s i d e r e d  n o n s p e c i f i c  p rob lems .  S o l v i n g  t h e s e  problems re- 
q u i r e s ,  t o  a  g r e a t  e x t e n t ,  u s e  o f  t h e  sys tems  a n a l y s i s  methodology. 

These two t y p e s  o f  h e a l t h  c a r e  problems a r e  i n t e r r e l a t e d ;  
t h e y  o v e r l a p .  Moreover,  problems s p e c i f i c  t o  t h e  i n d i v i d u a l  
l e v e l  ( e . g . ,  p r i m a r y  h e a l t h  c a r e )  must be  c o n s i d e r e d  from t h e  
s y s t e m s  a n a l y s i s  p o i n t  o f  view. The most i m p o r t a n t  b e n e f i t ,  
however,  i s  u s i n g  sys tems  a n a l y s i s  t o  answer  dynamic, s t r a t e g i c a l  
q u e s t i o n s .  
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F i g u r e  2. D i f f e r e n t  l e v e l s  o f  t h e  h e a l t h  c a r e  system.  
The g o a l  o f  t h e  IIASA b i o m e d i c a l  g r o u p  i s  
t o  e l a b o r a t e  a  n a t i o n a l  h e a l t h  c a r e  sys tem 
(NHCS) model f o r  s i m u l a t i n g  sys tem a c t i v i t y  
and t e s t i n g  d i f f e r e n t  p o l i c y  a l t e r n a t i v e s .  

Al though m e d i c a l  e x p e n d i t u r e s ,  m e d i c a l  s t a f f s ,  and  numbers 
o f  b e d s  a r e  i n c r e a s i n g  c o n t i n u o u s l y ,  t h e  p e r s o n s  r e s p o n s i b l e  f o r  
HCS development  a t  each  h i e r a r c h i c a l  l e v e l  a r e  more o f t e n  f a c i n g  
t h e  problem o f  answer ing  t h e  q u e s t i o n s ,  "How many and what k i n d s  
o f  m e d i c a l  r e s o u r c e s  w i l l  be  needed?" and "How c a n  r e s o u r c e s  b e s t  
be  a l l o c a t e d  i n  o r d e r  t o  p r o v i d e  good h e a l t h  s e r v i c e s ? "  A l l  
h e a l t h  managers ,  from t h e  h e a d s  o f  medica l  e s t a b l i s h m e n t s  t o  
p e r s o n s  r e s p o n s i b l e  f o r  t h e  n a t i o n a l  l e v e l ,  a r e  i n t e r e s t e d  i n  
h a v i n g  t h e s e  q u e s t i o n s  answered.  

P a r t i a l  answers  can  be found by c o n d u c t i n g  e x p e r i m e n t s  w i t h  
r e a l  o b j e c t s  ( h e a l t h  c e n t e r s ,  h o s p i t a l s ,  ambulance s e r v i c e s ,  e t c . ) .  
But  t h e s e  e x p e r i m e n t s  a r e  e x p e n s i v e  and time-consuming, and a r e  
u n a b l e  t o  t es t  many a l t e r n a t i v e s  f o r  a  p l a n n i n g  p o l i c y .  

The s i t u a t i o n  i s  much more d i f f i c u l t  f o r  h e a l t h  managers 
a t  t h e  n a t i o n a l  l e v e l ,  f o r  t o  d e t e r m i n e  medica l  r e s o u r c e  demand 
and  a l l o c a t i o n ,  it is n o t  o n l y  n e c e s s a r y  t o  e s t i m a t e  p o p u l a t i o n  
change ,  b u t  a l s o  t o  f o r e c a s t  t h e  dynamics 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 i s  problem a l s o  becomes c o m p l i c a t e d  by t h e  h e a l t h  
c a r e  s y s t e m ' s  s t r o n g  dependence on  soc ioeconomic ,  e n v i r o n m e n t a l ,  
and o t h e r  e x t e r n a l  s y s t e m s .  Tha t  i s  why h e a l t h  managers respon-  
s i b l e  f o r  n a t i o n a l  h e a l t h  c a r e  s t r a t e g y  need a  dynamic model o f  
t h e  h e a l t h  c a r e  sys tem.  



S i n c e  1975, a  g roup  o f  IIASA s c i e n t i s t s  from d i f f e r e n t  
c o u n t r i e s  h a s  been working on t h e  e l a b o r a t i o n  o f  a  n a t i o n a l  
HCS model.  T h i s  model w i l l  h e l p  t h e  d e c i s i o n m a k e r  b o t h  i n  
s i m u l a t i n g  t h e  a c t i v i t y  o f  t h e  h e a l t h  c a r e  s y s t e m  and i n  t e s t i n g  
d i f f e r e n t  p l a n n i n g  a l t e r n a t i v e s .  The meaning and c o n t e n t  o f  t h i s  
model was d e s c r i b e d  by Venedic tov  i n  1975 a s  t h e  view o f  h e a l t h  
c a r e  a s  a  l a r g e  dynamic s o c i a l  s y s t e m  [ I ] .  L a t e r  t h i s  approach  
was deve loped  by IIASA's HCS model ing  group ,  and t h e r e  a r e  now 
s e v e r a l  p u b l i c a t i o n s  d e s c r i b i n g  t h e  mode l -bu i ld ing  p r o c e s s  s t e p -  
b y - s t e p .  Var ious  IIASA c o n f e r e n c e s  have  a l s o  been d e d i c a t e d  t o  
HCS model ing .  

Although s e v e r a l  good examples  o f  t h e  a p p l i c a t i o n  o f  
o p t i m i z a t i o n  models t o  h o s p i t a l s ,  h e a l t h  c e n t e r s ,  and o t h e r  
i n s t i t u t i o n s  e x i s t ,  t h e y  have  n o t  been a p p l i e d  s o  s u c c e s s f u l l y  
a t  t h e  n a t i o n a l  l e v e l .  I n  t h e  h e a l t h  c a r e  sys tem,  t h e r e  a r e  
many q u a n t i t a t i v e  i n d i c e s  ( -300)  which r e f l e c t  t h e  m e d i c a l ,  
economica l ,  and d o c i a l  a s p e c t s  o f  HCS a c t i v i t y .  However, t h e  
p r i n c i p l e s  o f  measurement o f  t h e s e  i n d i c e s  d i f f e r  and t h e i r  
"weigh t"  i s  known. Sometimes t h e y  a r e  n e g a t i v e l y  c o r r e l a t e d .  
T h e r e f o r e ,  i f  we t a k e  i n t o  c o n s i d e r a t i o n  t h e  h e a l t h  c a r e  s y s t e m ' s  
s t r o n g  dependence on  soc ioeconomic ,  e n v i r o n m e n t a l ,  and  o t h e r  
s y s t e m s ,  i t  becomes c l e a r  t h a t  t h e  h e a l t h  c a r e  dec i s ionmaker  
must b e  i n v o l v e d  n o t  o n l y  i n  t h e  mode l -bu i ld ing  p r o c e s s ,  b u t  
a l s o  i n  work ing  w i t h  t h e  model i n  an i n t e r a c t i v e  regime.  

I IASA's  dynamic s i m u l a t i o n  model o f  t h e  n a t i o n a l  h e a l t h  
c a r e  s y s t e m  c o n s i s t s  o f  s e v e r a l  i n t e r r e l a t e d  submodels .  The 
o r d e r  i n  which t h e s e  submodels were e l a b o r a t e d  was: p o p u l a t i o n  
- h e a l t h  - r e s o u r c e  demand - r e s o u r c e  s u p p l y  - r e s o u r c e  a l l o c a -  
t i o n .  I n  s e l e c t i n g  a  m a t h e m a t i c a l  method f o r  d e s c r i b i n g  t h e  
q u a n t i t a t i v e  p rob lems ,  we proceeded  from t h e  s e n s e  o f  t h e  prob- 
l ems .  

STEPS, SOME RESULTS, AND THEIR MEANING 

To e s t i m a t e  m e d i c a l  r e s o u r c e  demand, it is  f i r s t  n e c e s s a r y  
t o  b u i l d  a  model f o r  f o r e c a s t i n g  p o p u l a t i o n  changes .  Fo l lowing  
t h e  recommendation of  N.  K e y f i t z  (USA), and i n  c o l l a b o r a t i o n  w i t h  
A. Rogers  and F.  W i l l e k e n s  ( I IASA) ,  a  computer  model f o r  f o r e -  
c a s t i n g  change  i n  p o p u l a t i o n  s t r u c t u r e  was deve loped ,  t a k i n g  
i n t o  c o n s i d e r a t i o n  n a t u r a l  and m e c h a n i c a l  p o p u l a t i o n  movements. 
By t e s t i n g  t h i s  model on r e a l  n a t i o n a l  d a t a ,  it was shown t h a t  
it c o u l d  b e  used  f o r  e s t i m a t i n g  p o p u l a t i o n  t r e n d s  [ 2 ] .  An es t i -  
mat ion  o f  r e s o u r c e  demand a l s o  r e q u i r e s  knowing t h e  p r o g n o s i s  o f  
t h e  p o p u l a t i o n ' s  h e a l t h .  

From t h e  p o i n t  o f  view o f  m e d i c a l  r e s o u r c e  a l l o c a t i o n ,  t h e  
most u s e f u l  h e a l t h  i n d i c e s  a r e  t h o s e  f o r  m o r b i d i t y .  The popula-  
t i o n  m o r b i d i t y  l e v e l  i s  most c o m p l e t e l y  r e f l e c t e d  by t h e  p reva-  
l e n c e  r a t e .  I n  one p u b l i c a t i o n  o f  t h e  IIASA HCS Modeling Task [ 3 ] ,  
d i f f e r e n t  a l t e r n a t i v e s  f o r  e s t i m a t i n g  p r e v a l e n c e  r a t e  on t h e  b a s i s  
o f  i n f o r m a t i o n  a v a i l a b l e  i n  d i f f e r e n t  c o u n t r i e s  was d e s c r i b e d .  



As t o  d e g r e e  o f  s p e c i f i c i t y ,  a l l  m o r b i d i t y  e s t i m a t i o n  
models c a n  b e  d i v i d e d  i n t o  t h e  f o l l o w i n g  t y p e s :  

a .  A g g r e g a t i v e  m o r b i d i t y  model,  f o r  e s t i m a t i n g  and f o r e -  
c a s t i n g  " c r u d e "  g e n e r a l  m o r b i d i t y  r a t e s  w i t h o u t  s p e c i -  
f i c a t i o n  a s  t o  t h e  g roup  o f  d i s e a s e s  o r  s p e c i f i c  d i s e a s e ;  

b .  Group m o r b i d i t y  model,  f o r  mode l ing  groups  o f  d i s e a s e s ,  
i . e . ,  t h e  c l a s s e s  i n  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  ( I C D ) ,  and groups  used  i n  s e v e r a l  IIASA p u b l i -  
c a t i o n s  ( d e g e n e r a t i v e  d i s e a s e s ,  i n f e c t i o n s ,  a c c i d e n t s ,  
e t c . ) ;  

c .  S p e c i  f i e  m o r b i d i t y  mode 2 ,  o r i e n t e d  t o  s p e c i f i c  d i s e a s e s  
( e - g . ,  c a n c e r ,  c h o l e r a ,  t u b e r c u l o s i s ,  e t c . ) ;  

d .  S t a t e  of d i s e a s e  model, o r i e n t e d  n o t  o n l y  t o  a  s p e c i f i c  
d i s e a s e ,  b u t  a l s o  t o  t h e  d i f f e r e n t  s t a g e s  o f  t h e  d e v e l -  
opment p r o c e s s  o r  r i s k - g r o u p  e s t i m a t i o n  and c l a s s i f i c a -  
t i o n .  

I t  i s  much b e t t e r  t o  u s e  m o r b i d i t y  models s p e c i f i e d  a c c o r d i n g  
t o  d i s e a s e s  o r  t y p e s  o f  d i s e a s e s  ( b ,  c ,  d  above)  f o r  e s t i m a t i n g  
m e d i c a l  r e s o u r c e s .  But ,  i n  t h i s  c a s e ,  i n f o r m a t i o n  i s  needed a b o u t  
t h e  f r e q u e n c y  o f  t h e  d i s e a s e  among t h e  p o p u l a t i o n ,  t h e  number and 
k i n d s  o f  l a b o r a t o r y  tests,  c o n s u l t a t i o n s ,  b e d s ,  and p h y s i c i a n  and 
s p e c i a l i s t  t i m e  s p e c i f i e d  f o r  e a c h  d i s e a s e .  

U n f o r t u n a t e l y ,  s u c h  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  i n  most 
c o u n t r i e s ,  b u t  i t  c a n  b e  o b t a i n e d  by s p e c i a l  comprehens ive  s t u d i e s  
Moreover,  e a c h  c o u n t r y  u s e s  i t s  own c l a s s i f i c a t i o n  o f  h o s p i t a l  
d e p a r t m e n t s ,  l a b o r a t o r y  t e c h n i q u e s ,  medica l  d o c t o r  s p e c i a l t i e s ,  
e tc . ,  and t h e  ICD i s  t h e  o n l y  good example o f  s u c h  i n t e r n a t i o n a l  
agreements .  But  t h e  e s t i m a t i o n  o f  medica l  r e s o u r c e  needs  u s i n g  a  
s p e c i f i c  d i s e a s e  model i n  one c o u n t r y  w i l l  b e  a  good example f o r  
o t h e r s .  The IIASA HCS model ing g r o u p  i s  work ing  on t h i s  model on 
t h e  b a s i s  o f  d a t a  from the Uni ted  Kingdom and J a p a n .  And, b e s i d e s  
such  s p e c i f i c  d i s e a s e  a p p r o a c h e s ,  an  a g g r e g a t i v e  m o r b i d i t y  model 
i s  b e i n g  deve loped  a t  IIASA. 

Ana lyses  o f  t h e  methods used  i n  m o r b i d i t y  s u r v e y s  and  o f  t h e  
c o n t e n t s  o f  d i f f e r e n t  c o u n t r i e s '  a n n u a l  h e a l t h  r e p o r t s  have re- 
v e a l e d  g r e a t  d i v e r s i t i e s .  Incomple te  r e g i s t r a t i o n  o f  i l l n e s s e s  
and  c o n f i d e n t i a l i t y  o f  p e r s o n a l  m e d i c a l  i n f o r m a t i o n  a c c o u n t  f o r  
d i f f i c u l t i e s  i n  u s i n g  t h e s e  d a t a  f o r  e s t i m a t i n g  h e a l t h  ( s t a t u s  
and  dynamics)  and  medica l  r e s o u r c e  needs  [ 3 ] .  Thus IIASA's HCS 
model ing g r o u p  e l a b o r a t e d  m a t h e m a t i c a l  methods f o r  e s t i m a t i n g  
p o p u l a t i o n  m o r b i d i t y  b a s e d  on i n d i r e c t  r e l i a b l e  s o u r c e s .  These 
methods can  b e  used  t o  f o r e c a s t  n o t  o n l y  a g g r e g a t i v e  d a t a  a b o u t  
t h e  m o r b i d i t y  o f  a  p o p u l a t i o n ,  b u t  a l s o  s p e c i f i c  m o r b i d i t y  r a t e s  
f o r  d i f f e r e n t  t e r m i n a l  d i s e a s e s  [4]. 

On t h e  b a s i s  o f  t h e s e  methods, a  m e d i c o - l o g i c a l  s u g g e s t i o n  
was made a b o u t  t h e  c o r r e l a t i o n  between comple te  r e g i s t e r e d  morbid- 
i t y  and m o r t a l i t y  p a t t e r n s  i n  deve loped  c o u n t r i e s  h a v i n g  s i m i l a r  



d i s e a s e  s t r u c t u r e s .  Comparison o f  p r e s e n t  and p a s t  d a t a  abou t  
t h e  morb id i t y  and m o r t a l i t y  o f  t h e  p o p u l a t i o n s  o f  such  c o u n t r i e s  
a s  J apan ,  t h e  U K ,  and t h e  USSR h a s  r e v e a l e d  common t r e n d s  and a  
n e a r l y  c o n s t a n t  r e l a t i o n  between m o r t a l i t y  and  m o r b i d i t y  p a t t e r n s .  

Bes ide s  t h e  s i g n i f i c a n c e  of  t h e  deve loped  methods o f  mor- 
b i d i t y  e s t i m a t i o n  t o  IIASA's n a t i o n a l  h e a l t h  c a r e  model ing,  they  
have some o t h e r  ve ry  i m p o r t a n t  p r a c t i c a l  a p p l i c a t i o n s :  

- I n  c o u n t r i e s  where t h e r e  h a s  been d i f f i c u l t y  i n  o b t a i n i n g  
and g e n e r a l i z i n g  p e r s o n a l  medica l  i n f o r m a t i o n  due t o  t h e  
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 ,  t h e s e  methods 
can  be used  t o  s i m p l i f y  t h e s e  p r o c e s s e s .  

- I n  c o u n t r i e s  f o l l o w i n g  normat ive  p l a n n i n g  o r  s i m i l a r  
approaches ,  t h e  a p p l i c a t i o n  o f  t h e s e  mathemat ica l  methods 
w i l l  b r i n g  a b o u t  a  d e c r e a s e  i n  t h e  number o f  n a t u r a l  ex- 
pe r imen t s  and morb id i t y  s u r v e y s .  

Having deve loped  models f o r  f o r e c a s t i n g  p o p u l a t i o n  s t r u c t u r e  
and e s t i m a t i n g  g e n e r a l  morb id i t y  d a t a ,  t h e  IIASA HCS model ing 
g roup  i s  c u r r e n t l y  working on models f o r  medica l  r e s o u r c e  needs  
and r e s o u r c e  a l l o c a t i o n .  

A s  t o  t h e  model ing o f  r e s o u r c e  demands ( t h e  supp ly  p a r t  o f  
t h e  NHCS), s e v e r a l  p o s s i b l e  approaches  e x i s t  (marke t ,  normat ive ,  
e t c . ) .  I n  1977, t h e  IIASA HCS model ing group  a p p l i e d  t h e  norma- 
t i v e  approach  t o  t h e  NHCS model,  which assumes t h e  u s e  of  d i f -  
f e r e n t  r a t e s ,  r a t i o s ,  means, i n d i c e s ,  and s t r u c t u r e s  f o r  c a l cu -  
l a t i n g  med ica l  r e s o u r c e  demand. 

I n  t h e  USSR, a  s c i e n t i f i c  approach  t o  normat ive  supp ly  h a s  
been deve loped  and i s  c u r r e n t l y  i n  u se .  S p e c i a l  s u r v e y s ,  con- 
d u c t e d  by teams of  d o c t o r s ,  a r e  used t o  e s t i m a t e  e ach  d i s e a s e ,  
i n - p a t i e n t  and o u t - p a t i e n t  v i s i t s ,  h o s p i t a l i z a t i o n  c a s e s ,  e tc .  
A s  a  r e s u l t ,  t h e  d a t a  on each  d i s e a s e  t a k e n  from t h e s e  su rveys  
a r e  summarized acco rd ing  t o  c l a s s  o f  d i s e a s e  ( f o l l o w i n g  t h e  ICD), 
medica l  s p e c i a l t y ,  e s t a b l i s h m e n t ,  r e g i o n s  i n  a  c o u n t r y ,  e t c .  
P e r i o d i c a l l y ,  t h e s e  tempora l  s t a n d a r d s ,  founded th rough  t h e  
p r o c e s s e s  o f  d i s c o v e r y ,  t r e a t m e n t ,  and r e h a b i l i t a t i o n  o f  t h e  
d i s e a s e ,  a r e  r e v i s e d  acco rd ing  t o  t h e  l a t e s t  ach ievements  i n  
med i ca l  s c i e n c e .  I f  w e  c o n s i d e r  t h e  med i ca l  s e n s e  o f  t h e s e  s t a n -  
d a r d s ,  a s  w e l l  a s  a v a i l a b l e  h i s t o r i c a l  and g e o g r a p h i c a l  d a t a  pub- 
l i s h e d  a b o u t  them, it becomes c l e a r  t h a t  t h i s  e x p e r i e n c e  and 
a v a i l a b l e  d a t a  c an  b e  used  i n  o t h e r  developed c o u n t r i e s  a f t e r  
e s t i m a t i o n  o f  a l l  t h e s e  s t a n d a r d s  by medica l  e x p e r t s  o f  t h e s e  
c o u n t r i e s .  

A computer model f o r  e s t i m a t i n g  med ica l  r e s o u r c e  needs  h a s  
a l r e a d y  been deve loped  and w i l l  be  demons t ra ted  d u r i n g  t h i s  
c o n f e r e n c e .  When t h e  n e c e s s i t y  a r i s e s ,  i t  i s  ea sy  t o  e s t i m a t e  
medica l  r e s o u r c e  needs  i n  f i n a n c i a l  e x p e n d i t u r e s ,  p roceed ing  
from t h e  bed/day c o s t s ,  d o c t o r s '  incomes, e tc .  The development 
o f  t h i s  model f o r  medica l  r e s o u r c e  needs w i l l  h e l p  t h e  h e a l t h  



manager n o t  o n l y  t o  f o r e c a s t  n e e d s ,  b u t  a l s o  t o  t es t  i n  advance 
some p o s s i b l e  a l t e r n a t i v e s .  T h i s  can  b e  done by c h a n g i n g  some 
o f  t h e  p a r a m e t e r s  o f  t h i s  computer  model,  s u c h  a s  h o s p i t a l i z a t i o n  
r a t e ,  a v e r a g e  l e n g t h  o f  s t a y  i n  h o s p i t a l ,  bed occupancy r a t e ,  e tc .  

According t o  t h e  Research  P l a n  f o r  1978, t h e  IIASA HCS 
model ing g r o u p  w i l l  b e g i n  work on  t h e  m e d i c a l  r e s o u r c e  a l l o c a t i o n  
model.  The f i r s t  v e r s i o n  o f  t h i s  model was deve loped  i n  1977 on  
t h e  b a s i s  o f  t h e  UK e x p e r i e n c e .  The UK,  it s h o u l d  b e  emphasized,  
h a s  had much e x p e r i e n c e  i n  d e v e l o p i n g  and a p p l y i n g  o p e r a t i o n s  
r e s e a r c h  t o  t h e  h e a l t h  c a r e  s y s t e m ,  e x p e c i a l l y  f o r  s o l v i n g  re- 
s o u r c e  a l l o c a t i o n  p rob lems .  I n  IIASA, t h i s  approach  h a s  been  
e s s e n t i a l l y  comple ted ,  c o m p u t e r i z e d ,  and l i n k e d  w i t h  o t h e r  com- 
p u t e r  models ,  and w i l l  b e  d e m o n s t r a t e d  i n  t h e  c o u r s e  o f  t h i s  
c o n f e r e n c e .  

A  c o m b i n a t i o n  o f  a l l  t h e s e  e l a b o r a t e d ,  i n t e r r e l a t e d  computer  
submodels - -popula t ion ,  m o r b i d i t y ,  r e s o u r c e  n e e d s ,  and r e s o u r c e  
a l l o c a t i o n - - w i l l  b e  v e r y  f r u i t f u l  f o r  a p p l i c a t i o n  i n  d i f f e r e n t  
c o u n t r i e s .  

Because d e c i s i o n m a k e r s  a r e  sometimes f a r  removed from 
computer  c e n t e r s ,  t h e  IIASA HCS model ing  g r o u p ,  t o g e t h e r  w i t h  
t h e  IIASA computer network group  and t h e  B r a t i s l a v a  computer  
r e s e a r c h  c e n t e r ,  i s  working on t h e  remote use  o f  t h i s  computer  
model.  The f i r s t  s t a g e  o f  t h i s  work a l s o  w i l l  b e  d e m o n s t r a t e d  
d u r i n g  t h i s  c o n f e r e n c e .  

NEAREST PERSPECTIVES 

Accord ing  t o  t h e  IIASA Research  P l a n  f o r  1978, t h e  HCS 
model ing g r o u p  w i l l  b e  d e d i c a t e d  t o :  

- t h e  p r a c t i c a l  t e s t i n g  o f  t h i s  HCS computer  model i n  t h e  
UK (Southwest  Region)  and B u l g a r i a  ( S i l i s t r a  D i s t r i c t )  ; 

- t h e  m a t h e m a t i c a l  d e s c r i p t i o n  o f  t h e  r e l a t i o n s h i p  o f  t h e  
h e a l t h  c a r e  s y s t e m  t o  e x t e r n a l  s y s t e m s ,  t a k i n g  i n t o  
a c c o u n t  t h e  n e c e s s i t y  f o r  c o m p a t i b i l i t y  o f  a l l  components.  

C o n s i d e r i n g  t h a t  t h e  p r e s e n t  s i m u l a t i o n  model i s  o r i e n t e d  t o  
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  d e c i s i o n m a k e r s ,  t h e  f o l l o w i n g  
h a s  been p lanned :  

- t o  d e v e l o p  f u r t h e r  c o n t a c t s  w i t h  t h e  B r a t i s l a v a  Computer 
C e n t e r  and w i t h  WHO h e a d q u a r t e r s  c o n c e r n i n g  t h e  remote  
u s e  o f  computer  models and t h e  exchange o f  i n f o r m a t i o n ;  

- t o  h o l d  a  t r a i n i n g  seminar  i n  1978 w i t h  p a r t i c i p a t i o n  o f  
r e s p o n s i b l e  h e a l t h  managers from WHO and  deve loped  coun- 
tr ies.  



CONCLUSIONS 

- The sys tems  a n a l y s i s  methodology o f f e r s  new p o s s i b i l i t i e s  
f o r  s o l v i n g  complex h e a l t h  s y s t e m  management problems.  

- Taking i n t o  a c c o u n t  t h e  l a c k  o f  m e d i c a l  i n f o r m a t i o n ,  
t h e  l e v e l s  o f  o p e r a t i o n s  r e s e a r c h  e x p e r 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 ,  and t h e  n e c e s s i t y  f o r  an  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  i n  h e a l t h  c a r e  s y s t e m  model ing,  IIASA i s  t h e  
most  s u i t a b l e  p l a c e  f o r  s u c h  work, e s p e c i a l l y  f o r  model- 
i n g  n a t i o n a l  and i n t e r n a t i o n a l  problems.  

- The s e n s e  o f  t h e  d e v e l o p e d  model r e f l e c t s  t h e  d e f i n i t i o n s  
o f  " h e a l t h "  and  " h e a l t h  c a r e  system" a c c e p t e d  by t h e  F i f t h  
and  S i x t h  WHO programs.  

- Although t h e  model i s  d e d i c a t e d  t o  n a t i o n a l  h e a l t h  c a r e  
s y s t e m  model ing,  t h e  same methodology c o u l d  be used  f o r  
o t h e r  h i e r a r c h i c a l  l e v e l s  o f  t h e  h e a l t h  c a r e  sys tem.  

- These methods may be u s e f u l  t o  t h e  World H e a l t h  Organiza-  
t i o n  by h e l p i n g  t o  e l i m i n a t e  t h e  d i f f e r e n c e s  i n  h e a l t h  
s t a t i s t i c s  ( d e f i n i t i o n s ,  methods o f  c a l c u l a t i o n ,  d a t a  
p r o c e s s i n g ,  e t c . )  t o  a l l o w  f o r  b e t t e r  comparison among 
c o u n t r i e s  and more a c c u r a t e  a l l o c a t i o n  o f  i n t e r n a t i o n a l  
r e s o u r c e s .  

I n  a d d i t i o n  t o  t h e s e  p o s i t i v e  r e s u l t s ,  t h e r e  a r e  some prob- 
l e m s  t h a t  s h o u l d  be d i s c u s s e d  d u r i n g  t h i s  c o n f e r e n c e .  F i r s t ,  
t a k i n g  i n t o  a c c o u n t  t h e  i m p o r t a n c e  o f  IIASA's work f o r  deve loped  
c o u n t r i e s ,  we would a s k  t h e  N a t i o n a l  Member O r g a n i z a t i o n s  t o  a s -  
s is t  u s  i n  o u r  model ing a c t i v i t y  by s e n d i n g  u s  needed i n f o r m a t i o n  
and s c i e n t i s t s ,  and by o r g a n i z i n g  a  g roup  r e s p o n s i b l e  f o r  c h e c k i n g  
and a p p l y i n g  t h i s  computer  model t o  h e a l t h  c a r e  management. 

Second, i t  is n e c e s s a r y  t o  e a s e  t h e s e  s i m u l a t i o n  models i n t o  
u s e .  Thus we s h o u l d  t r y  t o  improve t h e  m u t u a l  u n d e r s t a n d i n g  among 
h e a l t h  managers ,  h e a l t h  c a r e  s c i e n t i s t s ,  and  m o d e l e r s ,  and b e t t e r  
c o o r d i n a t e  t h e  work w i t h i n  c o u n t r i e s  c o n c e r n i n g  t h e  c o l l e c t i o n  o f  
s c i e n t i f i c  r e s u l t s  and t h e  development  o f  d i f f e r e n t  computer  i n f o r  
mat ion  s y s t e m s .  
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THE COMPONENTS OF THE IIASA HEALTH CARE SYSTEMS MODEL 

R . J .  Gibbs 

PLANNING THE FUTURE PROVISION OF HEALTH SERVICE RESOURCES 

One of  t h e  major t a s k s  i n  t h e  s t r a t e g i c  p l ann ing  o f  h e a l t h  
s e r v i c e s  is  t o  de termine  t h e  f u t u r e  p r o v i s i o n  of  an a p p r o p r i a t e  
mix of  r e sou rces  ( e - g . ,  h o s p i t a l  beds ,  p h y s i c i a n s ,  e t c . ) .  The 
way i n  which t h i s  i s  done (and t h e  e x t e n t  t o  which it i s  done 
through a  c e n t r a l  p l ann ing  agency) v a r i e s  from one coun t ry  t o  
a n o t h e r .  However, i n  most c o u n t r i e s  s t r a t e g i c  p l ann ing  o f  r e -  
s o u r c e  p r o v i s i o n  occu r s  i n  two s t a g e s ,  r e f e r r e d  t o  h e r e  a s  t h e  
"uncons t ra ined"  and "cons t r a ined"  s t a g e s  o f  p l ann ing .  I n  t h e  
uncons t r a ined  s t a g e ,  p l a n n e r s  a t t empt  t o  e s t i m a t e  f u t u r e  r e sou rce  
needs i n  terms o f  what would be needed t o  meet a l l  a n t i c i p a t e d  
demands f o r  h e a l t h  c a r e  a t  c l i n i c a l l y  pe rce ived  i d e a l  s t a n d a r d s .  
Fol lowing t h i s ,  i n  t h e  c o n s t r a i n e d  s t a g e ,  account  i s  t aken  of 
c e r t a i n  c o n s t r a i n t s ,  p a r t i c u l a r l y  economic, t h a t  l i m i t  t h e  t o t a l  
amounts of  r e sou rces  t h a t  a  coun t ry  can a f f o r d  t o  devote  t o  h e a l t h  
c a r e .  

A f u l l y  developed form o f  t h e  uncons t r a ined  s t a g e  of  h e a l t h  
c a r e  sys tem (HCS) p l ann ing  i s  d e p i c t e d  i n  F igu re  1 .  I n  t h i s  
scheme, t h e  e s t i m a t i o n  of HCS re sou rce  needs f o r  a  g iven  f u t u r e  
y e a r  proceeds  a s  fo l l ows .  A f o r e c a s t  o f  popu la t i on  i s  combined 
w i t h  a  f o r e c a s t  o f  d i s e a s e  p reva l ence  r a t e  t o  y i e l d  an e s t i m a t e  
of  f u t u r e  morbidi ty-- the amount o f  s i c k n e s s  i n  t h e  popu la t i on  a s  
a  whole. Th i s  e s t i m a t e  can be  an agg rega t e  f i gu re - -gene ra l  mor- 
b i d i t y - - o r  i t  can be d i sagg rega t ed ,  f o r  example, by a g e ,  s e x ,  
and d i s e a s e  t ype .  The p a t t e r n  o f  f u t u r e  morbid i ty  i s  l a r g e l y  a  
p roduc t  o f  n a t u r e  and t h e r e f o r e  i t s  e s t i m a t i o n  i s  amenable t o  
s c i e n t i f i c  f o r e c a s t i n g .  By c o n t r a s t ,  t h e  o t h e r  f a c t o r s  i nvo lved  
- - i dea l  s t anda rds*  and p o l i c i e s  f o r  t r e a t m e n t  and p reven t ion  
(which de termine  t h e  modes of  c a r e ) - - a r e  t h e  p r o d u c t s  of  t h e  
i n t e r v e n t i o n  o f  t h e  HCS and a r e  t h e r e f o r e  s u b j e c t  t o  HCS p o l i c y  
( s e e  F igu re  1 ) .  A s  an example, l e t  us c o n s i d e r  t h e  t r e a t m e n t  o f  
pneumonia. I n  one count ry  o r  r e g i o n  it might be  cons ide red ,  on 
c l i n i c a l  grounds,  t h a t  90% of  pneumonia c a s e s  need t h e  h o s p i t a l  

* In  t h i s  paper ,  t h e  te rm " s t anda rd"  deno te s  t h e  average  amount o f  
a  HCS r e s o u r c e  consumed p e r  p a t i e n t  f o r  a  g iven  t r e a t m e n t  ( e . g . ,  
20 days  f o r  a  h o s p i t a l i z e d  c a s e  of  pneumonia).  I n  some o f  t h e  
l i t e r a t u r e ,  t h i s  term i s  used t o  denote  t h e  agg rega t e  amount o f  
r e sou rce  p r o v i s i o n  ( e . g . ,  1.9 s u r g i c a l  beds p e r  1000 p o p u l a t i o n ) ;  
t h i s  l a t t e r  t ype  o f  q u a n t i t y  i s  covered i n  t h i s  pape r  by t h e  terms 
" r e s o u r c e  needs" and " r e sou rce  supply" .  
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F i g u r e  1 .  P l a n n i n g  t h e  p r o v i s i o n  o f  HCS r e s o u r c e s :  
u n c o n s t r a i n e d  s t a g e .  

i n - p a t i e n t  mode of  c a r e  and t h a t  t h e i r  a v e r a g e  l e n g t h  o f  s t a y  
s h o u l d  be 2 0  days .  However, i n  a n o t h e r  c o u n t r y  o r  r e g i o n ,  where 
p e r h a p s  t h e  q u a l i t y  o f  hous ing  i s  b e t t e r  and t h e  a v a i l a b i l i t y  o f  
d o m i c i l i a r y  s e r v i c e s  i s  h i g h e r ,  a lower  h o s p i t a l i z a t i o n  r a t e  and /or  
a s h o r t e r  a v e r a g e  l e n g t h  o f  s t a y  m i g h t  be a p p r o p r i a t e .  From t h e  
q u a n t i t i e s  d e s c r i b e d  above- -popula t ion ,  m o r b i d i t y ,  s t a n d a r d s ,  and 
p o l i c i e s - - r e s o u r c e  needs  f o r  t h e  HCS can  now b e  c a l c u l a t e d .  F o r  
example,  t h e  number o f  h o s p i t a l  beds  r e q u i r e d  f o r  t r e a t i n g  pneu- 
monia can b e  c a l c u l a t e d  from t h e  f o l l o w i n g  e q u a t i o n s :  

Determination 
of treatment 

and prevention 
policies 

(ideal modes) 

(MORBIDITY) = (POPULATION) x (PREVALENCE RATE) 

+ 
4 

- 
Population 

(HOSPITAL BEDS) = (MORBIDITY) x (HOSPITALIZATION RATE) 

Estimation 
of resource 

needs 

AVERAGE LENGTH OF STAY ( OCCUPANCY ) 
where (OCCUPANCY) e q u a l s  t h e  a v e r a g e  number o f  d a y s  p e r  y e a r  a 
bed c a n  b e  o c c u p i e d .  T h i s  c a l c u l a t i o n  c a n  b e  performed f o r  e a c h  
t y p e  o f  d i s e a s e ,  and by summation t h e  need f o r  e a c h  r e s o u r c e  can  
b e  computed. 

/ forecast 
Morbidity 

"Nature" , + forecast 

- 



The u n c o n s t r a i n e d  s t a g e  i n  t h e  HCS s t r a t e g i c  p l a n n i n g  o f  
c e r t a i n  c o u n t r i e s  h a s  been documented. F o r  example,  Popov [ I ]  
d e s c r i b e s  how i t  i s  conduc ted  i n  t h e  USSR. D i s e a s e  p r e v a l e n c e  
r a t e s  a r e  e s t i m a t e d  by combining r o u t i n e  d i s a g g r e g a t e d  d a t a  on 
s i c k  p e r s o n s  c o n t a c t i n g  t h e  HCS--regis tered p reva lence- -wi th  
more a g g r e g a t e  d a t a  from sample s u r v e y s  o f  t h e  g e n e r a l  popula-  
t i o n  ( a l s o  s e e  Sh igan  [ 2 ] ) .  P r o s p e c t i v e  s t a n d a r d s  and t r e a t m e n t  
p o l i c i e s  a r e  d e t e r m i n e d  by a  combina t ion  o f  s t a t i s t i c a l  a n a l y s i s  
o f  c u r r e n t  a c t i v i t y  i n  t h e  HCS and e x p e r t  o p i n i o n s  on how t h e  
c u r r e n t  pe r formance  o f  t h e  HCS s h o u l d  be improved.  

I n  a s i m i l a r  way, r e s o u r c e  needs  a r e  e s t i m a t e d  f o r  t h e  
N a t i o n a l  H e a l t h  S e r v i c e  and P e r s o n a l  S o c i a l  S e r v i c e s  i n  t h e  U K ,  
a l t h o u g h  t h e r e  i s  less q u a n t i f i c a t i o n  t h a n  i n  t h e  USSR o f  mor- 
b i d i t y  and i d e a l  s t a n d a r d s  a t  a  d i s a g g r e g a t e d  l e v e l .  These re- 
s o u r c e  n e e d s  (sometimes termed " p l a n n i n g  norms" ) a r e  p u b l i s h e d  
by t h e  c e n t r a l  a u t h o r i t y ,  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  (DHSS). F o r  example,  some o f  t h e  p u b l i s h e d  f i g u r e s  on 
s e r v i c e s  f o r  t h e  m e n t a l l y  handicapped  a r e  d i s p l a y e d  i n  T a b l e  1  
( d e r i v e d  from [ 3 ]  ) . 

T a b l e  1 .  P l a n n i n g  f i g u r e s  f o r  s e r v i c e s  f o r  m e n t a l l y  handicapped 
a d u l t s  compared w i t h  e x i s t i n g  p r o v i s i o n .  

Source :  Adapted from [ 3 ]  

P l a c e s  r e q u i r e d  P l a c e s  p r o v i d e d  

P e r  100 ,000 Tot.al  England T o t a l  England 
t o t a l  p o p u l a t i o n  and Wales,  1969 and  Wales,  1969 

Occupa t ion  and t r a i n i n g :  

I n  t h e  community 150 73 ,500 24,600 

I n  h o s p i t a l s  

Fo r  i n - p a t i e n t s  3  5 

F o r  d a y - p a t i e n t s  10 

R e s i d e n t i a l  c a r e  i n  
t h e  community: 

R e s i d e n t i a l  homes 6 0 

F o s t e r  homes, 
l o d g i n g s  1 5  

H o s p i t a l  t r e a t m e n t :  

F o r  i n - p a t i e n t s  55  27 ,000 52 ,100 

F o r  da  y - p a t i e n t s  1 0  4 ,900 500 



The f i g u r e s  i n  column 1  o f  T a b l e  1  a r e  m u l t i p l i e d  by popula-  
t i o n  f i g u r e s  ( f o r  1969 )  t o  g i v e  t h e  e s t i m a t e s  o f  r e s o u r c e  r e q u i r e -  
ments ( n e e d s )  i n  column 2 .  Two main p o i n t s  s h o u l d  be n o t e d .  
F i r s t ,  t h e  f i g u r e s  a r e  based  on a  change i n  t h e  t r e a t m e n t  p o l i c y ,  
which i n v o l v e s  a  s h i f t  f rom h o s p i t a l - b a s e d  c a r e  t o  c a r e  based  
much more on  r e s i d e n t i a l  homes c o u p l e d  w i t h  e d u c a t i o n a l  and  t r a i n -  
i n g  s e r v i c e s .  Second,  t h e  amounts o f  r e s o u r c e s  needed (column 2) 
a r e ,  e x c e p t  f o r  h o s p i t a l  i n - p a t i e n t  r e s o u r c e s ,  much more t h a n  
t h o s e  c u r r e n t l y  p r o v i d e d  (column 3 ) .  

Because no c o u n t r y  a p p e a r s  a b l e  t o  a f f o r d  t o  p r o v i d e  HCS 
r e s o u r c e s  a t  t h e  l e v e l s  o f  e s t i m a t e d  n e e d s ,  t h e  a c t u a l  p r o v i s i o n s  
o f  HCS r e s o u r c e s  have t o  b e  a t  lower  l e v e l s .  Thus p l a n n e r s  have  
t o  embark on t h e  c o n s t r a i n e d  s t a g e  o f  p l a n n i n g  i n  o r d e r  t o  d e t e r -  
mine a  more modest  set  o f  r e s o u r c e  p r o v i s i o n s  which ( 1 )  comply 
w i t h  t h e  economic c o n s t r a i n t s ,  and y e t  ( 2 )  e n a b l e  t h e  a c t u a l  pe r -  
formance o f  t h e  HCS t o  come a s  c l o s e  a s  p o s s i b l e  t o  a c h i e v i n g  
t h e  i d e a l s  d e f i n e d  i n  t h e  u n c o n s t r a i n e d  s t a g e .  T h i s  s i t u a t i o n  
i s  d e p i c t e d  i n  F i g u r e  2. 

T h i s  c o n s t r a i n e d  s t a g e  o f  p l a n n i n g  h a s  a l s o  been documented 
i n  c e r t a i n  c o u n t r i e s .  F o r  example,  Popov [ I ]  p r o v i d e s  comparisons 
between f i g u r e s  f o r  t h e  long- te rm HCS p l a n  ( r e s o u r c e  n e e d s )  and 
f i g u r e s  from c u r r e n t  p l a n s ,  which a r e  based  on  an u n d e r s t a n d i n g  
o f  t h e  economic c o n s t r a i n t s .  Some f i g u r e s  r e l a t i n g  t o  t h e  p ro-  
v i s i o n  o f  h o s p i t a l  b e d s  a r e  shown i n  T a b l e  2 ;  n o t e  t h a t  t h e  con- 
s t r a i n e d  p l a n n i n g  f i g u r e s  a r e ,  i n  g e n e r a l ,  s i g n i f i c a n t l y  less 
t h a n  t h e  long- te rm need f i g u r e s .  S i m i l a r l y ,  i n  t h e  UK t h e  DHSS 
p u b l i s h e d  a  document [ 4 ]  t h a t  p r o p o s e s  a  set  o f  r e s o u r c e  pro-  
v i s i o n s  f o r  t h e  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  i n  a  f u t u r e  
y e a r  which a r e  l e s s  t h a n  p r e v i o u s l y  p u b l i s h e d  r e s o u r c e  needs  b u t  
which a r e  c o n s i s t e n t  w i t h  t h e  a n t i c i p a t e d  HCS b u d g e t .  I n  t h e  
document an  a t t e m p t  i s  made, f o r  e a c h  r e s o u r c e ,  t o  a s s e s s  t h e  
r e l a t i v e  p r i o r i t y  o f  a c h i e v i n g  a  l e v e l  o f  p r o v i s i o n  e q u a l  t o  t h e  
need f i g u r e ;  f o r  t h o s e  r e s o u r c e s  where t h e  a s s e s s e d  p r i o r i t y  i s  
h i g h e r ,  t h e  document p r o p o s e s  a  g r e a t e r  r a t e  o f  i n c r e a s e  i n  p ro-  
v i s i o n ,  i . e . ,  a  f a s t e r  approach toward t h e  l e v e l  o f  e s t i m a t e d  
need.  

The dichotomy between t h e  u n c o n s t r a i n e d  and t h e  c o n s t r a i n e d  
s t a g e s  o f  HCS p l a n n i n g  h a s  been e x a g g e r a t e d  h e r e  t o  e a s e  t h e  
e x p o s i t i o n .  I n  r e a l  l i f e ,  t h e  two s t a g e s  a r e  p r o b a b l y  merged 
t o  some e x t e n t ;  i n  a s s e s s i n g  r e s o u r c e  needs  p l a n n e r s  a r e  bound 
t o  t a k e  some a c c o u n t  o f  what  l e v e l s  migh t  be a f f o r d e d  i n  t h e  
not- too-remote f u t u r e .  On t h e  o t h e r  hand,  it would b e  u n d e s i r -  
a b l e  f o r  a l l  p l a n n i n g  t o  b e  dominated by t h e  c o n s t r a i n t  o f  what 
can b e  a f f o r d e d  i n  t h e  immediate f u t u r e  s i n c e  p l a n n i n g  migh t  t h e n  
d e g e n e r a t e  i n t o  a  p r o c e s s  o f  " d i s j o i n t e d  i n c r e m e n t a l i s m " ,  d e s c r i b e d  
by Lindblom 1 5 1  and o t h e r s ,  i n  which t h e r e  i s  l i t t l e  i n c e n t i v e  
f o r  examin ing  t h e  HCS a s  a  whole and  f o r  c o n s i d e r i n g  s t r u c t u r a l  
r a t h e r  t h a n  m a r g i n a l  change.  Accord ing ly ,  t h e  IIASA HCS model ing 
t a s k ,  t o  which we now t u r n ,  i s  concerned  w i t h  a s s i s t i n g  p l a n n e r s  
i n  b o t h  t h e  u n c o n s t r a i n e d  and t h e  c o n s t r a i n e d  s t a g e s  o f  p l a n n i n g  
and  h e l p i n g  t o  p r e s e r v e  t h e  dichotomy.  
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Table  2 .  Requirements  o f  u rban  p o p u l a t i o n  f o r  h o s p i t a l  beds  i n  
v a r i o u s  s p e c i a l t i e s  ( p e r  1000 p o p u l a t i o n )  f o r  t h e  USSR. 

Source: Adapted from [ l ]  

P l a n  f o r  D r a f t  p l a n  Long-term 
S p e c i a l t y  1970 f o r  1975 p l a n  

I n t e r n a l  medicine 2.59 2.69 3.4 
P e d i a t r i c s  (excluding com- 
municable d i s e a s e s )  1.32 1.38 1 . 2  

O b s t e t r i c s  0.80 0.80 0.8  
Gynecology 0.67 0.75 0.8 
Surgery 1.67 1 .81  1.9  
Neurology 0.30 0.37 0.4 
P h t h i s i o l o g y  1.17 1.12 0.8 
Dermatovenereology 0.22 0.25 0.35 
Ophthalmology 0.18 0.23 0.35 
Otorhinolaryngology 0.18 0.23 0.3  
Communicable d i s e a s e s  

( a d u l t s  and c h i l d r e n )  0.79 0.80 0.7 

MTAL 9.89 10.43 11.0 

P s y c h i a t r y  

MTAL 

THE IIASA HCS MODEL AND ITS APPLICATION TO HCS PLANNING 

The a im o f  t h e  IIASA HCS model ing t a s k  i s  t o  produce a  
model,  o r  more p r e c i s e l y  a  s u i t e  o f  submodels ,  t o  b e  used by 
HCS p l a n n e r s .  The long-term aim,  a s  set  o u t  by Venedic tov  [ 6 ]  
and K i s e l e v  [ 7 ] ,  e n v i s a g e s  t h e  c o n s t r u c t i o n  o f  a  m a t h e m a t i c a l  
s i m u l a t i o n  model r e l a t i n g  a c t i v i t i e s  b o t h  w i t h i n  t h e  HCS and 
between t h e  HCS and o t h e r  i n t e r a c t i n g  sys tems  ( e . g . ,  p o p u l a t i o n ,  
env i ronment ,  and soc ioeconomic  s y s t e m s ) .  The purpose  o f  t h e  
s i m u l a t i o n  model i s  t o  i l l u m i n a t e  t h e  f u t u r e  consequences  o f  
a l t e r n a t i v e  p o l i c i e s  b o t h  f o r  t h e  HCS and t h e  i n t e r a c t i n g  sys tems  
and t h u s  h e l p  p l a n n e r s  examine s t r a t e g i c  o p t i o n s .  W i t h i n  t h i s  
framework, t h e  c u r r e n t  s h o r t - t e r m  p l a n  f o r  t h e  IIASA HCS model ing 
t a s k ,  a s  se t  o u t  i n  IIASA's 1977 Research Plan [8 ]  and i n  a  r e c e n t  
p a p e r  by Sh igan  [ 9 ] ,  i s  t o  c o n c e n t r a t e  e f f o r t s  i n i t i a l l y  on mod- 
e l i n g  t h e  HCS and i t s  i n t e r a c t i o n  w i t h  one  e x t e r n a l  system-- the 
p o p u l a t i o n  sys tem.  

The u n c o n s t r a i n e d  s t a g e  o f  p l a n n i n g  r e q u i r e s  a  model t h a t  
e s t i m a t e s  r e s o u r c e  needs  and draws on submodels f o r  e s t i m a t i n g  
p o p u l a t i o n  and d i s e a s e  p r e v a l e n c e .  An a g g r e g a t e  v e r s i o n  o f  such  
a  model,  AMER (Aggrega te  Model f o r  E s t i m a t i n g  H e a l t h  Care  System 
Resource R e q u i r e m e n t s ) ,  h a s  been b u i l t  by t h e  IIASA team and is  
d e s c r i b e d  i n  t h i s  volume by Klement iev and Sh igan .  A submodel 



o f  t h e  p o p u l a t i o n  h a s  been deve loped  by t h e  M i g r a t i o n  and 
S e t t l e m e n t  Task o f  t h e  IIASA Human S e t t l e m e n t s  and S e r v i c e s  
Area and  i s  b e i n g  used  t o  t h e  c o n t e x t  o f  t h e  HCS model.  Sub- 
models and o t h e r  methods f o r  e s t i m a t i n g  d i s e a s e  p r e v a l e n c e  
have been produced by t h e  Modeling H e a l t h  Care  Systems Task 
and have been r e p o r t e d  p r e v i o u s l y  (see K a i h a r a ,  e t  a l .  [ l o ]  , 
Klement iev  [ I l ] ,  Sh igan  [ 2 ] ,  and Fu j imasa ,  e t  a l .  [ 1 2 ] ) .  

The c o n s t r a i n e d  s t a g e  o f  p l a n n i n g  r e q u i r e s  a  d i f f e r e n t  
model t h a t  combines submodels f o r  p o p u l a t i o n  and d i s e a s e  preva-  
l e n c e  w i t h  submodels o f  r e s o u r c e  a l l o c a t i o n  and r e s o u r c e  s u p p l y .  
Such a  model can be b u i l t  w i t h  more s o p h i s t i c a t i o n .  L e t  us  s t a r t  
by c o n s i d e r i n g  a l e v e l  o f  s o p h i s t i c a t i o n  t h a t  i s  r e l a t i v e l y  s i m -  
p l e ,  i n  c o n c e p t  i f  n o t  i n  p r a c t i c e .  W e  w i l l  c a l l  t h i s  t h e  Mark 1  
model . 

The d e s i g n  and o p e r a t i o n  o f  t h e  Mark 1  HCS model i s  shown 
i n  F i g u r e  3 .  I n  t h i s  d e s i g n  a  key  r o l e  i s  p l a y e d  by t h e  r e s o u r c e  
a l l o c a t i o n  submodel which s i m u l a t e s  how t h e  r e a l  HCS a l l o c a t e s  
s c a r c e  r e s o u r c e s  among compet ing demands. On the ,demand  s i d e  it 
r e c e i v e s  t h e  f o l l o w i n g  i n p u t :  

- d i s e a s e  p r e v a l e n c e ,  from t h e  p r e v a l e n c e  submodel;  

- p o l i c i e s  f o r  t r e a t m e n t  and  p r e v e n t i o n  
(modes o f  c a r e )  ; I from t h e  u s e r  

o f  t h e  model 
- i d e a l  s t a n d a r d s .  

T h i s  same set  o f  i n p u t s  i s  used i n  t h e  u n c o n s t r a i n e d  s t a g e  o f  
p l a n n i n g  (see F i g u r e  1)  i n  c a l c u l a t i n g  r e s o u r c e  n e e d s .  The 
d i f f e r e n c e  h e r e  i s  t h a t  t h e  r e s o u r c e  a l l o c a t i o n  submodel re- 
c e i v e s  an a d d i t i o n a l  i n p u t  on r e s o u r c e  s u p p l y  from t h e  r e s o u r c e  
s u p p l y  submodel.  T h i s  i n p u t  c o n s i s t s  o f  a  se t  o f  r e s o u r c e  pro-  
v i s i o n s  which a r e  i n  g e n e r a l  l e s s  t h a n  t h e  c o r r e s p o n d i n g  r e s o u r c e  
needs  b u t  which a r e  c o n s i s t e n t  w i t h  t h e  g i v e n  economic c o n s t r a i n t s .  
The r e s o u r c e  a l l o c a t i o n  submodel t h e n  s i m u l a t e s  how t h e  r e a l  HCS 
would a c t u a l l y  a l l o c a t e  t h e s e  r e s o u r c e s  between compet ing demands. 
The o u t p u t s  o f  t h e  submodel would i n c l u d e  t h e  f o l l o w i n g  i n d i c a -  
t o r s  o f  t h e  e x p e c t e d  performance o f  t h e  HCS, which t h e  u s e r  c a n  
compare w i t h  t h e  c o r r e s p o n d i n g  i d e a l  q u a n t i t i e s :  

- t h e  a c t u a l  numbers o f  p a t i e n t s  t r e a t e d ,  which c a n  be 
compared w i t h  t h e  m o r b i d i t y  f i g u r e s ;  

- t h e  a c t u a l  modes o f  c a r e  ( p e r c e n t  h o s p i t a l i z a t i o n ,  e t c . ) ,  
which c a n  b e  compared w i t h  t h e  t r e a t m e n t  and p r e v e n t i o n  
p o l i c i e s ;  

- t h e  a c t u a l  s t a n d a r d s ,  which can  be compared w i t h  t h e  
i d e a l  o n e s .  

From t h e  s t a t e m e n t  o f  i t s  i n p u t s  and o u t p u t s ,  it f o l l o w s  
t h a t  i n  s i m u l a t i n g  t h e  b e h a v i o r  o f  t h e  r e a l  HCS t h e  r e s o u r c e  



a l l o c a t i o n  submodel w i l l  have t o  r e p r e s e n t  a t  l e a s t  t h r e e  main 
p r o c e s s e s  : 

- p a t i e n t  s e l e c t i o n ,  t h e  p r o c e s s  t h a t  d e t e r m i n e s  who 
r e c e i v e s  t r e a t m e n t  and  p r e v e n t i v e  measures ;  

- mode s e l e c t i o n ,  t h e  p r o c e s s  t h a t  d e t e r m i n e s  t h e  t y p e  o f  
t r e a t m e n t  o r  p r e v e n t i v e  measure  an i n d i v i d u a l  r e c e i v e s ;  

- s t a n d a r d  a t t a i n m e n t ,  t h e  p r o c e s s  t h a t  d e t e r m i n e s  how 
much o f  a t r e a t m e n t  o r  p r e v e n t i v e  measure  i s  r e c e i v e d .  

The Mark 1 HCS model c a n  b e  u s e d  as f o l l o w s  (see F i g u r e  3 ) .  
The u s e r  c a n  s u g g e s t  a n  o p t i o n  f o r  r e s o u r c e  p r o d u c t i o n  ( i n  t e r m s  
o f  b u i l d i n g  p rograms ,  p h y s i c i a n  t r a i n i n g ,  e tc . )  which c a n  b e  
s u b m i t t e d  t o  t h e  r e s o u r c e  a l l o c a t i o n  submodel v i a  t h e  r e s o u r c e  
s u p p l y  model.  H e  c a n  t h e n  i n s p e c t  t h e  o u t p u t  o f  t h e  model ,  com- 
p a r e  t h i s  w i t h  t h e  i d e a l  HCS p a r a m e t e r s ,  s u b m i t  a  r e v i s e d  r e s o u r c e  
p r o d u c t i o n  o p t i o n ,  and  s o  on u n t i l ,  i n  h i s  v iew,  a  s a t i s f a c t o r y  
o u t p u t  i s  a c h i e v e d .  

A t  t h i s  s t a g e  t h e  r e a d e r  m i g h t  be  c r i t i c a l  o f  t h e  i m p l i c a -  
t i o n  t h a t  a  HCS p l a n n e r  s h o u l d  e v a l u a t e  a  r e s o u r c e  p r o d u c t i o n  
o p t i o n  i n  t e r m s  o f  what  m i g h t  be  c a l l e d  t h e  " i n t e r m e d i a t e "  o u t p u t s  

[ Ideal standards 
I 

Supplied Treatment and 
by user I prevention policies 

(ideal modes of care) 
I 

Indicators of predicted performance of HCS: 

I : 

- Number of  patients treated, as percent 
of disease prevalence 

- actual modes of treatment, relative to 
ideals 

- Actual standards of treatment, as 
percent of ideals 

Resource 
allocation - submodel 

Output of 
model 
supplied 
to user 

Resource 
supply 

submodel 
t 

F i g u r e  3.  Mark 1 IIASA model f o r  t h e  c o n s t r a i n e d  
s t a g e  o f  HCS p l a n n i n g .  
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t production 
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o f  t h e  HCS--the numbers o f  p e o p l e  t r e a t e d ,  t h e  modes and s t a n d a r d s  
o f  t r e a t m e n t .  S u r e l y  it would b e  b e t t e r  t o  e v a l u a t e  p o l i c i e s  i n  
t e r m s  o f  t h e i r  l i k e l y  impac t  on t h e  f u t u r e  h e a l t h  o f  t h e  popula -  
t i o n - - t h e  f i n a l  o u t p u t s  o f  t h e  HCS? 

To answer  t h i s  cr i t icism and  t o  e x t e n d  t h e  model s o  t h a t  it 
c a n  p r e d i c t  f i n a l  HCS o u t p u t s ,  w e  added a  f i f t h  submodel o f  prog-  
n o s i s  ( F i g u r e  4) which we c a l l  t h e  Mark 2 HCS model.  T h i s  sub- 
model u s e s  a s  i n p u t  t h e  a l l o c a t i o n s  o f  t r e a t m e n t s  t o  p a t i e n t s  
( f rom t h e  r e s o u r c e  a l l o c a t i o n  submodel) and p r e d i c t s  t h e  outcomes 
o f  t h e s e  t r e a t m e n t s  i n  t e r m s  o f  t h e  number o f  i n d i v i d u a l s  who 
r e c o v e r  from s i c k n e s s  and t h e  d u r a t i o n s  o f  t h e i r  s i c k n e s s ,  t h e  
numbers who remain s i c k ,  and  t h e  numbers who d i e .  The a b i l i t y  
o f  t h e  Mark 2 model t o  e s t i m a t e  t h e s e  f i n a l  HCS o u t p u t s  i s  n o t  
o n l y  u s e f u l  t o  p l a n n e r s ,  b u t  i s  a l s o  d e s i r a b l e  from a  s c i e n t i f i c  
p o i n t  o f  view.  Only t h r o u g h  t h e s e  f i n a l  HCS o u t p u t s  can  we ex-  
amine t h e  feedback  e f f e c t s  f rom t h e  r e s o u r c e  a l l o c a t i o n  p r o c e s s  
t o  t h e  f u t u r e  s t r u c t u r e  o f  p o p u l a t i o n  a n d  m o r b i d i t y .  To i l l u s -  
t r a t e  t h e  p o s s i b l e  i m p o r t a n c e  o f  s u c h  f e e d b a c k s ,  l e t  u s  imagine  
t h a t  one  o f  t h e  r e s o u r c e  p r o d u c t i o n  o p t i o n s  b e i n g  c o n s i d e r e d  by 
t h e  HCS p l a n n e r s  h a s  a  major  e f f e c t ,  v i a  t h e  r e s o u r c e  a l l o c a t i o n  
p r o c e s s ,  on  m o r t a l i t y  f o r  a  c e r t a i n  d i s e a s e .  T h i s  c o u l d  s i g n i f i -  
c a n t l y  a f f e c t  t h e  p o p u l a t i o n  s t r u c t u r e  f o r  a  f u t u r e  y e a r .  I n  
t h i s  c a s e ,  t h e  u s e  o f  t h e  Mark 1 v e r s i o n  o f  t h e  model (which 

( Ideal standards 
1 

Supplied Treatment and 
by user I prevention policies 

F i g u r e  4. Mark 2 IIASA model f o r  t h e  c o n s t r a i n e d  
s t a g e  o f  HCS p l a n n i n g .  
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t a k e s  no a c c o u n t  o f  such  f e e d b a c k s )  f o r  p l a n n i n g  HCS r e s o u r c e  
p r o v i s i o n s  f o r  t h i s  f u t u r e  y e a r  c o u l d  l e a d  t o  e r r o r ,  s i n c e  t h e  
model r u n  would be based  on an  e r r o n e o u s  e s t i m a t e  o f  p o p u l a t i o n  
f o r  t h e  y e a r  i n  q u e s t i o n .  

Thus bo th  from t h e  u s e r ' s  p o i n t  o f  view and from t h e  s c i e n -  
t i f i c  p o i n t  o f  view it i s  d e s i r a b l e  t o  p r o g r e s s  from t h e  Mark 1  
t o  t h e  Mark 2  v e r s i o n  o f  t h e  HCS model.  U n f o r t u n a t e l y ,  t h e r e  i s  
a  m a j o r  t e c h n i c a l  d i f f i c u l t y  i n  i n c o r p o r a t i n g  a  model o f  progno- 
s is .  F o r  many o f  t h e  c l i n i c a l  p r o c e d u r e s  u n d e r t a k e n  i n  t h e  HCS, 
v e r y  l i t t l e  is  known i n  a  s y s t e m a t i c  way a b o u t  p r o g n o s i s ,  e spe-  
c i a l l y  i n  t h e  l o n g e r  t e r m .  One o n l y  h a s  t o  p e r u s e  t h e  m e d i c a l  
j o u r n a l s  t o  f i n d  t h a t  eminen t  p h y s i c i a n s  d i s a g r e e ,  sometimes 
q u i t e  d i a m e t r i c a l l y ,  a b o u t  t h e  l i k e l y  p r o g n o s i s  o f  many c l i n i c a l  
p r o c e d u r e s .  Given t h i s  l a c k  o f  d a t a ,  it may n o t  b e  f r u i t f u l  t o  
a t t e m p t  t o  b u i l d  a  fo rmal  d i s a g g r e g a t e d  submodel f o r  p r o g n o s i s .  
R a t h e r ,  i t  may b e  more f r u i t f u l  t o  s e e k  e x p e r t  o p i n i o n  on t h e  
l i k e l y  m a j o r  e f f e c t s ,  a t  a n  a g g r e g a t e  l e v e l ,  o f  t h e  r e s o u r c e  
a l l o c a t i o n  p r o c e s s  on m o r t a l i t y  and m o r b i d i t y  and t o  u s e  t h e s e ,  
i n - p l a c e  o f  a  fo rmal  p r o g n o s i s  model,  i n  t h e  Mark 2  d e s i g n  t o  
p e r f o r m  some s i m p l e  e x p e r i m e n t s  i n  o r d e r  t o  d i s c o v e r  whe ther  
t h e r e  a r e  any s i g n i f i c a n t  feedback  e f f e c t s .  

Whatever t h e  v i a b i l i t y  and d e s i r a b i l i t y  o f  t h e  Mark 2  model,  
t h e  Mark 1  v e r s i o n  must b e  c o n s t r u c t e d  f i r s t .  Accord ing ly ,  t h e  
IIASA team h a s  been working on t h e  c o n s t r u c t i o n  o f  submodels 
needed f o r  t h e  Mark 2  v e r s i o n  (see F i g u r e  3 ) .  The submodels f o r  
p o p u l a t i o n  and  f o r  d i s e a s e  p r e v a l e n c e  e s t i m a t i o n  a r e  a v a i l a b l e  
and  have  been  ment ioned above i n  c o n n e c t i o n  w i t h  t h e  u n c o n s t r a i n e d  
s t a g e  o f  p l a n n i n g .  A p i l o t  v e r s i o n  o f  a  r e s o u r c e  a l l o c a t i o n  sub- 
model is  a l s o  a v a i l a b l e  [13]  and i s  d e s c r i b e d  b r i e f l y  i n  a  l a t e r  
p a p e r  i n  t h i s  volume by Gibbs.  Work on t h e  r e s o u r c e  s u p p l y  sub-  
model i s  p l a n n e d  t o  commence n e x t  y e a r  i n  c o l l a b o r a t i o n  w i t h  a  
new IIASA r e s e a r c h  t a s k  o n  manpower model ing.  I t  i s  hoped t h a t  
t h i s  t a s k  w i l l  be  d i r e c t e d  i n i t i a l l y  a t  model ing medica l  manpower. 
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AGGREGATE MODEL FOR ESTIMATING HEALTH CARE 
SYSTEM RESOURCE REQUIREMENTS (AMER) * 

A.A. Klement iev and  E.N. S h i g a n  

INTRODUCTION 

A t  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  f o r  Appl ied  Systems A n a l y s i s ,  
s c i e n t i s t s  from d i f f e r e n t  c o u n t r i e s  a r e  working on t h e  development 
o f  a  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  (HCS) model f o r  s i m u l a t i n g  h e a l t h  
c a r e  a c t i v i t i e s ,  f o r e c a s t i n g  i t s  development ,  and t e s t i n g  p o l i c y  
o p t i o n s .  Such a  model i s  d e s i g n e d  t o  h e l p  t h e  n a t i o n a l - l e v e l  HCS 
d e c i s i o n m a k e r  who must c o n s i d e r  d i f f e r e n t  v e r s i o n s  o f  p l a n n i n g  
d e c i s i o n s  and choose  t h e  b e s t  a l t e r n a t i v e .  

There  a r e  s e v e r a l  a p p r o a c h e s  t o  e s t i m a t i n g  HCS r e s o u r c e  
r e q u i r e m e n t s .  One o f  t h e s e ,  t h e  c e n t r a l  p l a n n i n g  approach ,  is  
i n t r o d u c e d  i n  t h i s  p a p e r .  

To e s t i m a t e  HCS r e s o u r c e  r e q u i r e m e n t s ,  t h e  f o l l o w i n g  d a t a  
a r e  n e c e s s a r y :  (1  ) p r o g n o s i s  of  t h e  p o p u l a t i o n  ( a g e  s t r u c t u r e )  , 
( 2 )  p r o g n o s i s  o f  m o r b i d i t y  and m o r t a l i t y  r a t e s ,  and  ( 3 )  s t a n d a r d s .  
I n  r e a l  p r a c t i c e ,  t h e s e  d a t a  can b e  t a k e n  p a r t l y  from r o u t i n e  
s t a t i s t i c s  and o t h e r  o f f i c i a l  m a t e r i a l .  But  t h e  most i m p o r t a n t  
d a t a  c a n  b e  t a k e n  from s p e c i a l  h e a l t h  s u r v e y s .  

Comparison of  t h e  r e s u l t s  o f  h e a l t h  s u r v e y s  conduc ted  i n  
J a p a n ,  t h e  U K ,  and  t h e  USSR a l l o w s  u s  t o  draw t h e  f o l l o w i n g  
c o n c l u s i o n s :  

- Although t h e r e  a r e  d i f f e r e n c e s  i n  m o r b i d i t y  a n d  m o r t a l i t y  
i n d i c e s  and s t r u c t u r e s  a c c o r d i n g  t o  c a u s e ,  t h e  a g g r e g a t e  
r a t e s  a r e  a l m o s t  i d e n t i c a l .  

- Trends  o v e r  t i m e  i n  a g g r e g a t e  m o r b i d i t y  and m o r t a l i t y  
r a t e s  show s i m i l a r  p a t t e r n s .  

- The r a t i o  between a g g r e g a t e  m o r t a l i t y  and  m o r b i d i t y  
r a t e s  ( r i s k  r a t i o )  changes  o n l y  s l i g h t l y  o v e r  t i m e .  

T h i s  means t h a t  i n  c o u n t r i e s  where no such  p e r i o d i c a l  comprehen- 
s i v e  h e a l t h  s u r v e y s  f o r  e s t i m a t i n g  and e x t r a p o l a t i n g  m o r b i d i t y  
r a t e s  a r e  c o n d u c t e d ,  o r  where t h e y  a r e  v e r y  d i f f i c u l t  from t h e  
management p o i n t  o f  view,  m a t h e m a t i c a l  e s t i m a t i o n s  o f  a g g r e g a t e  

*For a  more d e t a i l e d  a c c o u n t ,  see IIASA Research Memorandum 
RM-78-21 w i t h  t h e  same t i t l e .  



morbid i ty  r a t e s ,  based on agg rega t e  m o r t a l i t y  r a t e s ,  a r e  
ex t remely  u s e f u l .  

I n  t h e  c a s e  o f  agg rega t e  modeling, i t  i s  neces sa ry  t o  
have only  agg rega t e  s t a n d a r d s ,  such a s :  

- pe rcen t  o f  p a t i e n t s  h o s p i t a l i z e d ,  

- average  l e n g t h  o f  s t a y  i n  h o s p i t a l ,  

- number of  c o n s u l t a t i o n s  p e r  ep i sode  ( n o t  s p e c i f i e d  
acco rd ing  t o  d i s e a s e ) ,  

- bed tu rnove r  i n t e r v a l ,  

- bed occupancy r a t e ,  

- beds p e r  i n - p a t i e n t  d o c t o r  e q u i v a l e n t ,  

- workload ( c o n s u l t a t i o n s  p e r  y e a r ) ,  n o t  s p e c i f i e d  
acco rd ing  t o  medica l  s p e c i a l t y .  

These s t a n d a r d s  can be used ,  a f t e r  e x p e r t  e s t i m a t i o n ,  f o r  
modeling HCS re sou rce  requi rements .  Taking i n t o  account  t h a t  
t h e s e  s t a n d a r d s  a r e  c o n t r o l  v a r i a b l e s ,  t h e  decisionmaker can 
a l t e r  them t o  f i t  t h e  a c t u a l  s i t u a t i o n  i n  h i s  coun t ry .  

THE AMER MODEL 

Le t  u s  d e f i n e  t h e  term " r i s k "  a s  t h e  r a t i o  o f  a l l  c auses  
d e a t h  r a t e  t o  g e n e r a l  morbid i ty  r a t e ,  f o r  a  g iven  age/sex group 
( s t r a t u m )  of  t h e  popu la t i on .  We assume t h a t ,  f o r  a  g iven  s t r a tum,  
r i s k  remains c o n s t a n t  ove r  t ime;  it is independent  o f  t h e  va lues  
o f  dea th  r a t e  and morbid i ty  r a t e .  

To d e f i n e  t h e  r e l a t i o n s h i p s  between needs (determined h e r e  
i n  terms o f  t o t a l  morb id i ty )  and requi rements  i n  HCS r e s o u r c e s ,  
we use  t h e  normative approach [ I ] .  The fo l lowing  types  o f  r e -  
sou rces  a r e  i n v e s t i g a t e d :  ( 1 )  t o t a l  number o f  beds ( e x c l u s i n g  
p s y c h i a t r i c ) ,  ( 2 )  t o t a l  number o f  i n - p a t i e n t  d o c t o r  e q u i v a l e n t s ,  
and ( 3 )  t o t a l  number o f  o u t - p a t i e n t  d o c t o r  e q u i v a l e n t s .  

Mode 1 S t r u c t u r e  

The model s t r u c t u r e  ( s e e  F igu re  1)  c o n s i s t s  o f  f o u r  main 
b locks :  morb id i ty ,  popu la t i on ,  s t a n d a r d s ,  and o u t p u t .  I npu t  
d a t a  f i l e s  a r e  i n d i c a t e d  by double l i n e s .  

How does t h e  model work? F i r s t ,  we p u t  forward a  hypo thes i s  
abou t  t h e  f u t u r e  e v o l u t i o n  of  f e r t i l i t y  r a t e s  and dea th  r a t e s .  
Using t h e s e  r a t e s ,  we then  f o r e c a s t  popu la t i on  aqe s t r u c t u r e ,  
which we then  use  t o g e t h e r  w i th  c u r r e n t  p r eva l ence  r a t e s ,  c a l cu -  
l a t e d  e a r l i e r  from r i s k  d a t a ,  t o  determine gene ra l  morbid i ty .  
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F i g u r e  1 .  Aggrega te  model f o r  e s t i m a t i n g  HCS r e s o u r c e  
r e q u i r e m e n t s .  

Now, t a k i n g  i n t o  a c c o u n t  a v e r a g e  l e n g t h  o f  s t a y  and  p e r c e n t  
h o s p i t a l i z a t i o n  and  bed  occupancy ,  h o s p i t a l  bed r e q u i r e m e n t s  a r e  
c a l c u l a t e d .  The l a t t e r ,  m u l t i p l i e d  by number o f  b e d s  p e r  i n -  
p a t i e n t  d o c t o r  e q u i v a l e n t  ( s t a n d a r d )  , y i e l d s  i n - p a t i e n t  d o c t o r  
e q u i v a l e n t  r e q u i r e m e n t s .  O u t - p a t i e n t  d o c t o r  e q u i v a l e n t  r e q u i r e -  
m e n t s  are d e t e r m i n e d  u s i n g  d a t a  a b o u t  m o r b i d i t y  ( e s t i m a t e d )  and 
two s t a n d a r d s :  work load  and number o f  c o n s u l t a t i o n s  p e r  e p i s o d e .  

I n i t i a l  Data  

To r u n  t h e  model,  w e  need t h e  f o l l o w i n g  i n i t i a l  d a t a :  

- i n i t i a l  a l l  c a u s e s  d e a t h  r a t e  [ I ,  DEA(1) 1 *: number o f  
d e a t h s  from a l l  c a u s e s  d u r i n g  one  c a l e n d a r  y e a r ,  g i v e n  
f o r  i n i t i a l  y e a r ,  s p e c i f i e d  by a g e  p e r  1000 p o p u l a t i o n ;  

*The n o t a t i o n  i n  b r a c k e t s  r e f e r s  t o  t h e  number o f  t h e  a p p r o p r i a t e  
b l o c k  i n  F i g u r e  1  and t h e  c o r r e s p o n d i n g  v a r i a b l e  u s e d  i n  t h e  
computer  program. 



- i n i t i a l  p r e v a l e n c e  r a t e  [ 2 ,  DREV(1) I :  number o f  c a s e s  
a f f l i c t e d  w i t h  any t y p e  o f  d i s e a s e  d u r i n g  one  c a l e n d a r  
y e a r ,  g i v e n  f o r  i n i t i a l  y e a r ,  s p e c i f i e d  by a g e  p e r  1000 
p o p u l a t i o n  

- d e a t h  r a t e  [ 4 ]  and f e r t i l i t y  r a t e  [ I l l :  t h e  e v o l u t i o n  
o f  t h e s e  r a t e s  r e p r e s e n t s  t h e  f o r m a l i z a t i o n  o f  t h e  
h y p o t h e s i s  a b o u t  f u t u r e  changes  i n  t h e  c o r r e s p o n d i n g  
v a l u e ;  

- i n i t i a l  p o p u l a t i o n  age  s t r u c t u r e  [ 8 ,  POP ( I )  I : p o p u l a t i o n  
s p e c i f i e d  by a g e  p e r  1000 p o p u l a t i o n ,  g i v e n  f o r  i n i t i a l  
y e a r ;  

- i n i t i a l  f e r t i l i t y  r a t e  [12 ,  BRTH(I ) ] :  number o f  l i v e  
b i r t h s  d u r i n g  one c a l e n d a r  y e a r ,  g i v e n  f o r  i n i t i a l  y e a r  
and s p e c i f i e d  by a g e  p e r  1000 p o p u l a t i o n .  

The above d a t a  a r e  needed t o  e s t i m a t e  g e n e r a l  m o r b i d i t y .  
To c a l c u l a t e  t h e  o u t p u t  o f  t h e  model (HCS r e s o u r c e  r e q u i r e m e n t s ) ,  
t h e  f o l l o w i n g  s t a n d a r d s  o f  HCS a c t i v i t i e s  a r e  used:  

- b e d  t u r n o v e r  i n t e r v a l ,  i n  d a y s  [ 16 ,  BTI I , 

- p e r c e n t  s i c k  i n d i v i d u a l s  h o s p i t a l i z e d  from a  g i v e n  a g e  
s t r a t u m  [17 ,  REC(1) I ;  

- a v e r a g e  l e n g t h  o f  s t a y  i n  h o s p i t a l  p e r  i n - p a t i e n t ,  i n  
d a y s  [18 ,  A L S ( I ) ] ;  

- i n - p a t i e n t  d o c t o r ' s  work load :  number o f  b e d s  p e r  i n -  
p a t i e n t  d o c t o r  e q u i v a l e n t  [19,  DPERB]; 

- number o f  c o n s u l t a t i o n s  p e r  e p i s o d e  f o r  s i c k  i n d i v i d u a l s  
f rom a  g i v e n  a g e  s t r a t u m  [20 ,  C O E P ( I ) ] ;  

- o u t - p a t i e n t  d o c t o r ' s  workload:  number o f  c o n s u l t a t i o n s  
p e r  one o u t - p a t i e n t  d o c t o r  e q u i v a l e n t  p e r  c a l e n d a r  y e a r  
[22 ,  WL]. 

M o r b i d i t y  and M o r t a l i t y  

As ment ioned  above ,  d a t a  a b o u t  m o r b i d i t y  and i t s  t r e n d s  
c a n ,  w i t h  a  c e r t a i n  amount o f  d i f f i c u l t y ,  be  t a k e n  f rom r e a l  
comprehens ive  s t u d i e s ,  c o n d u c t e d  p e r i o d i c a l l y  i n  some d e v e l o p e d  
c o u n t r i e s .  But s i n c e  t h e r e  a r e  o n l y  s l i g h t  v a r i a n c e s  among 
a g g r e g a t e  m o r b i d i t y  r a t e s ,  a g g r e g a t e  m o r t a l i t y  r a t e s ,  and t h e  
r a t i o s  between them ( r i s k  r a t i o )  o v e r  t i m e ,  it was d e c i d e d  t o  
e s t i m a t e  a g g r e g a t e  m o r b i d i t y  d a t a  u s i n g  m o r t a l i t y  d a t a  and t h e  
r i s k  r a t i o .  M o r t a l i t y  d a t a  c a n  be  o b t a i n e d  f rom o f f i c i a l  v i t a l  
s t a t i s t i c s  and  demographic  f o r e c a s t i n g  n ~ o d e l s .  



S t a n d a r d s  

Although s e v e r a l  s t a n d a r d s  e x i s t  c o n c e r n i n g  s p e c i f i c  
d i s e a s e s ,  s p e c i a l t i e s ,  d e p a r t m e n t s ,  and e s t a b l i s h m e n t s ,  i n  
t h e  c a s e  o f  t h e  AMER model i t  i s  n e c e s s a r y  t o  have a g g r e g a t e  
s t a n d a r d s .  W e  used  s e v e r a l  g e n e r a l l y  a c c e p t e d  o n e s ,  s u c h  a s  
a v e r a g e  l e n g t h  o f  h o s p i t a l  s t a y ,  p e r c e n t  o f  s i c k  i n d i v i d u a l s  
h o s p i t a l i z e d ,  bed occupancy r a t e ,  and bed t u r n o v e r  i n t e r v a l .  
These s t a n d a r d s ,  p u b l i s h e d  i n  o f f i c i a l  a n n u a l  s t a t i s t i c s  on 
h e a l t h ,  r e f l e c t  t h e  s i t u a t i o n  o f  t h e  p r e v i o u s  p e r i o d .  There- 
f o r e ,  t h e y  must  be  r e v i s e d  b e f o r e  t h e y  can be u s e d  f o r  es t i -  
mat ing  r e  s o u r c e  r e q u i r e m e n t s .  

Taking i n t o  c o n s i d e r a t i o n  t h e  i n t e r r e l a t i o n s h i p  o f  a l l  
subsys tems  w i t h i n  t h e  h e a l t h  c a r e  s y s t e m ,  i t  i s  n e c e s s a r y  t o  
i n c o r p o r a t e  t h e  s u b s t i t u t i o n  e f f e c t  d u r i n g  t h e  model ing p r o c e s s .  
F o r  example,  what happens t o  t h e  a v e r a g e  l e n g t h  o f  h o s p i t a l  s t a y  
i f  t h e  h o s p i t a l i z a t i o n  r a t e  is d e c r e a s e d ?  What e f f e c t  d o e s  t h i s  
have on t h e  o u t - p a t i e n t  s e r v i c e ?  A l l  o f  t h e s e  s u b s t i t u t i o n  coef -  
f i c i e n t s  do n o t  e x i s t  i n  r o u t i n e  s t a t i s t i c s  and c a n  b e  t a k e n  o n l y  
from s p e c i a l  s t u d i e s .  

THE METHOD 

A f o r m a l  d e s c r i p t i o n  o f  t h e  model i s  p r e s e n t e d  i n  t h i s  
s e c t i o n .  By d e f i n i t i o n ,  r i s k s  a r e  c a l c u l a t e d  a s  f o l l o w s :  

The a l l  c a u s e s  d e a t h  r a t e  v e c t o r ,  DE(1) J ,  f o r  t i m e  i n t e r v a l  J ,  
i s  d e t e r m i n e d  by 

where {DKO(I, J)  } i s  a  m a t r i x  w i t h  a l l  p o s i t i v e  v a l u e s .  Elements  
o f  t h i s  m a t r i x  a r e  d e t e r m i n e d  i n  accordance  w i t h  t h e  h y p o t h e s i s .  

The s t a n d a r d i z e d  p r e v a l e n c e  r a t e ,  PRE ( I )  , f o r  a  g i v e n  age 
s t r a t u m  c a n  now b e  c a l c u l a t e d  a s  

*For  r e a s o n s  o f  s i m p l i f i c a t i o n ,  t h e  s u b s c r i p t  J i s  o m i t t e d  below 
from v a l u e s  d e p e n d e n t  on it. 



For  a  g i v e n  age  s t r a t u m  t h e  a b s o l u t e  v a l u e  f o r  g e n e r a l  m o r b i d i t y  
is 

and t h e  r e s p e c t i v e  t o t a l  v a l u e  i s  

1 8  
SISUM = 1 S I , ( I )  . 

1 = 1  

F o r  t o t a l  h o s p i t a l  bed r e q u i r e m e n t s ,  we have:  

l 8  S I ( I )  . R E C ( 1 )  A L S ( 1 )  
BDSTO = 1 1 0 0  DPYR 

I= 1  

where 

365 A L S ( 1 )  
DPYR = ALS ( I )  + B T I  

i s  t h e  number o f  d a y s  p e r  y e a r  a  bed  i s  o c c u p i e d ,  and  A L S ( 1 )  , 
B T I ,  and REC ( I )  a r e  t h e  v a r i a b l e s  d e f i n e d  above.  

The number o f  i n - p a t i e n t  d o c t o r  e q u i v a l e n t s  now is:  

BDSTO 
DRIN = - DPERB 

where DPERB i s  t h e  workload d e f i n e d  above. To c a l c u l a t e  o u t -  
p a t i e n t  d o c t o r  e q u i v a l e n t  r e q u i r e m e n t s  (DRSUT) , t h e  s u b s t i t u t i o n  
e f f e c t  s h o u l d  be t a k e n  i n t o  a c c o u n t :  t h e  lower  t h e  p e r c e n t  of 
h o s p i t a l i z a t i o n  [ R E C ( I )  ]  and t h e  s h o r t e r  t h e  a v e r a g e  l e n g t h  o f  
s t a y  [ A L S ( I )  I ,  t h e  g r e a t e r  t h e  number o f  c o n s u l t a t i o n s  p e r  
e p i s o d e  [ C O E P ( I ) ] .  A  l i n e a r  a p p r o x i m a t i o n  o f  t h i s  d e ~ e n d e n c y  
c a n  b e  made: 

C O E P ( 1 )  = C O E P @ ( I )  - BETA . [ R E C ( I )  - R E C @ ( I )  1 
( 9 )  

- GAMMA . [ A L S ( I )  - A L S @ ( I ) ]  , 



where COPE@ ( I )  , REC@(I) , and ALS@ ( I )  c o n s t i t u t e  t h e  i n i t i a l  
v a l u e s  and COEP ( I )  , REC ( I )  , and ALS ( I )  t h e  t r i a l  v a l u e s  o f  t h e  
c o r r e s p o n d i n g  c o n t r o l  v a r i a b l e s .  BETA and GAMMA a r e  t h e  c o n s t a n t  
r a t e s  o f  s u b s t i t u t i o n  f o r  p e r c e n t  h o s p i t a l i z a t i o n  and bed-days 
by o u t - p a t i e n t  c o n s u l t a t i o n ,  r e s p e c t i v e l y .  Now 

l 8  S I  ( I )  COEP(1) * DRSUT = 1 
WL 1=1 

I n  t h i s  s e c t i o n ,  p o p u l a t i o n  a g e  s t r u c t u r e ,  p ( I ) ,  i s  i m p l i e d  
a s  a  g i v e n  v e c t o r  f o r  e v e r y  magni tude o f  t i m e  i n d e x  J. I n t h e  
model v e c t o r ,  p ( 1 )  i s  a c t u a l l y  c a l c u l a t e d  f o r  e v e r y  J = 0,N i n  a  
s e p a r a t e  submodel,  which i s  d e s c r i b e d  b a s i c a l l y  i n  W i l l e k e n s  and 
Rogers  [ 2 ] .  

# INPUT-OUTPUT SUMMARY # 
year  0 year  5 year  10 year  15 year  20 i d e a l  

............................................................................. 
averg l n g t h  s t a y  : 23.80 : 23.00 : 22.00 : 20.50 : 19.00 : 19.00 : 

prcn tge  h s p t l s d  : 10.53 : 10.48 : 10.10 : 9.80 : 9.50 : 9.50 : 

bds/ inp doc eqvt  : 21.81 : 21.81 : 21.81 : 21.81 : 21.81 : 17.00 : 

bed t r n v r  i n t r v  : 4.94 : 4.70 : 4.50 : 4.30 : 4.10 : 4.00 : 

bed c o s t / y r  : 3145.00 : 3300.00 : 3400.00 : 3500.00 : 3600.00 : 
......................................... 

cns l t s /epsd  : 3.50 3.59 : 3.77 : 3.96 : 4.16 : 
............................. 
bds r q r d ,  t o t a l  : 400164. : 343781. : 296344. : 251917. : 213307. : 

fnds r q r d ,  t o t a l  : 1964.65 : 1802.11 : 1678.47 : 1564.13 : 1460.81 : 

doc e q v t s  r q r d  : 42366. : 38017. : 35229. : 32876. : 30777. : 

The AMER model w i l l  h e l p  t h e  n a t i o n a l - l e v e l  d e c i s i o n m a k e r  
working i n  an  i n t e r a c t i v e  regime t es t  d i f f e r e n t  p o l i c y  o p t i o n s  
and select  t h e  b e s t  among them. T h i s  model a l s o  makes it p o s s i b l e  
t o  f o r e c a s t  p o p u l a t i o n  s t r u c t u r e  changes  and m o r t a l i t y  and mor- 
b i d i t y  t r e n d s ,  which a r e  v e r y  i m p o r t a n t  t o  h e a l t h  c a r e  and n o t  
o n l y  f rom t h e  r e s o u r c e  p o i n t  o f  view.  

*Due t o  a  l a c k  o f  d a t a  i n  t h e  r e c e n t  v e r s i o n  o f  t h e  model,  it was 
d e c i d e d  t o  se t  ALS ( I )  = ALSI, REC(1) = RECI, and COEP ( I )  = COEPI, 
i . e . ,  t h e y  a r e  i n d e p e n d e n t  o f  t h e  p a t i e n t ' s  a g e .  



C l e a r l y ,  many k i n d s  o f  m e d i c a l  i n f o r m a t i o n  ( r o u t i n e ,  
s c i e n t i f i c ,  e t c . )  a r e  n e e d e d  t o  b u i l d  a  model  l i k e  AMER. B u t  
i n  i t s  t u r n  t h e  model  a l s o  i n f l u e n c e s  t h e  d e v e l o p m e n t  o f  t h e  
m e d i c a l  i n f o r m a t i o n  s y s t e m  and  n e e d s  some i n f o r m a t i o n  t h a t  
e i t h e r  d o e s  n o t  e x i s t  o r  i s  d i f f i c u l t  t o  o b t a i n  ( s u b s t i t u t i o n  
r a t e s ,  e t c . ) .  The d e v e l o p m e n t  o f  mode l s  a n d  i n f o r m a t i o n  s y s -  
t ems  i n  t h e  h e a l t h  c a r e  s y s t e m  a r e  c l o s e l y  c o n n e c t e d .  
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A DISAGGREGATED HEALTH CARE RESOURCE ALLOCATION MODEL* 

R. J. Gibbs 

RESOURCE ALLOCATION I N  THE HCS 

An e a r l i e r  pape r  [2 ]  rev iewed t h e  l i t e r a t u r e  on models f o r  
a l l o c a t i n g  h e a l t h  c a r e  sys tem (HCS) r e s o u r c e s  and  conc luded  t h a t  
t h e  t y p e  o f  model a p p r o p r i a t e  t o  t h e  IIASA Task was t h e  behav io r  
s i m u l a t i o n  t y p e  r a t h e r  t h a n  one of  t h e  c l a s s i c a l  e conome t r i c  o r  
o p t i m i z i n g  t y p e s .  I n  p a r t i c u l a r ,  it was conc luded  t h a t  t h e  IIASA 
model shou ld  t a k e  i n t o  accoun t  t h e  p r e f e r e n c e s  and p r i o r i t i e s  
b e i n g  used by t h e  a c t o r s  i n  t h e  HCS a t  t h e  p o i n t  o f  d e l i v e r y  of  
h e a l t h  c a r e .  I t  shou ld  draw on t h e  models o f  McDonald, e t  a l .  i n  
t h e  UK [31 and Rousseau i n  Canada [ 4 ] ,  and r e p r e s e n t  t h e  a c t o r s  
i n  t h e  HCS s t r i v i n g  t o  a t t a i n  some i d e a l  p a t t e r n  o f  behav io r  
w i t h i n  r e s o u r c e  c o n s t r a i n t s .  I n  t h i s  view,  t h e  r e s o u r c e  con- 
s t r a i n t s  a r e  t h e  main means th rough  which t h e  p l a n n e r  can  a f f e c t  
t h e  behav io r  o f  t h e  HCS. 

Accord ing ly ,  t h e  model p roposed  h e r e  is  a  s i m p l i f i c a t i o n  o f  
t h e  model o f  McDonald, e t  a l .  [ 3 ] .  The t h r e e  main mechanisms of  
t h e  HCS r e s o u r c e  a l l o c a t i o n  p r o c e s s - - p a t i e n t  s e l e c t i o n ,  t r e a t m e n t  
mode s e l e c t i o n ,  and s t a n d a r d  a t ta inment - -were  d e s c r i b e d  i n  my 
e a r l i e r  p r e s e n t a t i o n  and w e r e  i n c l u d e d  i n  t h e  McDonald model. 
The i n i t i a l  v e r s i o n  o f  t h i s  model i n c l u d e s  o n l y  two- -pa t i en t  
s e l e c t i o n  and s t a n d a r d  a t t a i n m e n t .  Thus it can  be a p p l i e d  t o  
o n l y  one s e c t o r  (mode) o f  t h e  HCS a t  a  t i m e  ( a l t hough  it may 
p rove  p o s s i b l e ,  a f t e r  f u r t h e r  s t u d y ,  t o  e x t e n d  t h e  model t o  
cove r  more t h a n  one s e c t o r )  . One o f  t h e  advan t ages  o f  t h e  model 
i s  t h a t  t h e  computing r equ i r emen t s  a r e  r e l a t i v e l y  l i g h t  s o  t h a t  
i t  can  be r e a d i l y  implemented on d i f f e r e n t  computers  w i t h o u t  t h e  
u se  o f  e l a b o r a t e  s o f t w a r e ,  t h u s  making it e a s i l y  a p p l i c a b l e  t o  
d i f f e r e n t  c o u n t r i e s .  (By c o n t r a s t  t h e  McDonald model, i n  t h e  
c u r r e n t  form, r e q u i r e s  r e l a t i v e l y  s o p h i s t i c a t e d  s o f t w a r e  and a  
1 a r g e  computer t o  s o l v e  t h e  n o n l i n e a r  programming f o r m u l a t i o n .  ) 
Being s i m p l e r ,  t h e  proposed model i s  a l s o  more t r a n s p a r e n t .  
K e y f i t z  [S ] ,  among o t h e r s ,  ha s  a rgued  p e r s u a s i v e l y  t h a t  w i t h  a  
t r a n s p a r e n t  model t h e  u s e r  c an  g a i n  an i n s i g h t  i n t o  t h e  workings 
o f  t h e  model and i s  t h e n  more l i k e l y  t o  have con f idence  i n  i t s  
r e s u l t s  t h a n  w i t h  a  "b lack  box" model. 

*A d e t a i l e d  accoun t  o f  t h i s  work appea r s  i n  Gibbs [ I ] ;  t h u s  
o n l y  a  summary is  g iven  h e r e .  



The two main assumpt ions  i n  t h e  model a r e :  

- r e s o u r c e  p r o v i s i o n s  a r e  n e v e r  s u f f i c i e n t  t o  s a t i s f y  
a l l  needs  f o r  h e a l t h  c a r e ;  

- 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  o f  r e s o u r c e s ,  
t h e  a c t o r s  i n  t h e  HCS a t t e m p t  t o  o p t i m i z e  a  u t i l i t y  
f u n c t i o n  whose p a r a m e t e r s  can  b e  i n f e r r e d  f rom o b s e r -  
v a t i o n  o f  t h e i r  p a s t  b e h a v i o r .  

The f u n c t i o n  o f  t h e  model i s  t o  s i m u l a t e  how t h e  HCS a l l o -  
c a t e s  a  r e s o u r c e  among compet ing demands a s  a  f u n c t i o n  o f  i t s  
a g g r e g a t e  a v a i l a b i l i t y .  For  example,  below I d e s c r i b e  an  a p p l i -  
c a t i o n  o f  t h e  model t o  t h e  h o s p i t a l  i n - p a t i e n t  s e c t o r ,  where  t h e  
r e s o u r c e  i n  q u e s t i o n  i s  h o s p i t a l  bed-days.  But  t h e  main c o n c e p t  
o f  t h e  model,  namely a t t a i n i n g  an  e q u i l i b r i u m  between t h e  numbers 
o f  d i f f e r e n t  t y p e s  o f  p a t i e n t s  t o  b e  t r e a t e d  and t h e  s t a n d a r d s  o f  
t r e a t m e n t  t h e y  r e c e i v e ,  i s  a p p r o p r i a t e  t o  many d i f f e r e n t  r e s o u r c e s  
i n  t h e  i n - p a t i e n t  s e c t o r  ( e . g . ,  p h y s i c i a n  t i m e ,  d i a g n o s t i c  f a c i l i -  
t i es )  and  t o  d i f f e r e n t  modes o f  t r e a t m e n t  i n  d i f f e r e n t  s e c t o r s  o f  
t h e  HCS (e . g . ,  o u t - p a t i e n t  t r e a t m e n t ,  d o m i c i l i a r y  t r e a t m e n t )  . 
Thus t h e  model i s  a p p l i c a b l e  t o  d i f f e r e n t  s e c t o r s  and r e s o u r c e s  
(see F i g u r e  1 )  . 

Planner considers changing 
resource provision for: 

Response of HCS: 

Changes in 

Patient Standards 
numbers 

- Beds - Length of stay 

Hospitals Model Inpatients 

- Doctors - Doctor's time 
per patient 

. -  Doctors - Nurnberllength 
of consultations 

Clinics Model Outpatients 

- Laboratory - Depth of 
investigations 

Other sectors 

F i g u r e  1 .  Model a p p l i c a t i o n  t o  d i f f e r e n t  s e c t o r s  
and  r e s o u r c e s  i n  t h e  HCS. 



A s  t o  t h e  example o f  t h e  i n - p a t i e n t  s e c t o r ,  t h e  d imens ions  
a l o n g  which e q u i l i b r i u m  i s  a t t a i n e d  a r e  ( 1 )  h o s p i t a l  a d m i s s i o n s  
r a t e s  and ( 2 )  a v e r a g e  l e n g t h s  o f  s t a y .  The way i n  which t h e s e  
two q u a n t i t i e s  v a r y  a s  a  f u n c t i o n  o f  a g g r e g a t e  bed s u p p l y  d i f f e r s  
from e a c h  o t h e r  and among d i f f e r e n t  t y p e s  o f  p a t i e n t s .  F o r  ex-  
ample,  a c u t e  a p p e n d i c i t i s  i s  a  c o n d i t i o n  o f  such  r e l a t i v e l y  h i g h  
s e v e r i t y  t h a t  a  v e r y  h i g h  p r o p o r t i o n  o f  a l l  such  c a s e s  would be 
a d m i t t e d  t o  t h e  h o s p i t a l  even i n  a  r e g i o n  where t h e  a g g r e g a t e  
bed s u p p l y  i s  low (see F i g u r e  2 ) .  On t h e  o t h e r  hand,  a  d i s e a s e  
s u c h  a s  b r o n c h i t i s  i n c l u d e s  a  p r o p o r t i o n  o f  p a t i e n t s  whose con- 
d i t i o n  i s  much less s e r i o u s ;  c o n s e q u e n t l y ,  t h e  admiss ion  r a t e  
f o r  s u c h  a  d i s e a s e  is  governed f a r  more s t r o n g l y  by a g g r e g a t e  
bed s u p p l y ,  i . e . ,  i n  a  low s u p p l y  r e g i o n  t h e  p r o p o r t i o n  a d m i t t e d  
i s  much lower  t h a n  i n  a  h i g h  s u p p l y  r e g i o n  ( s e e  a l s o  F i g u r e  2 ) .  
(Ev idence  f o r  t h e  forms o f  t h e  c u r v e s  i n  F i g u r e  2 i s  p r o v i d e d  
l a t e r  i n  t h i s  p a p e r . )  

S i m i l a r l y ,  l e n g t h  o f  s t a y  i s  a f f e c t e d  by a g g r e g a t e  bed 
s u p p l y .  F o r  some d i s e a s e s ,  t h e  l e n g t h  o f  s t a y  depends s t r o n g l y  
on t h e  c l i n i c a l  c o n d i t i o n  o f  t h e  p a t i e n t  and is  l i t t l e  a f f e c t e d  
by bed s u p p l y ,  whereas  f o r  some o t h e r  d i s e a s e s  d o c t o r s  d i s c h a r g e  
p a t i e n t s  r e l a t i v e l y  e a r l y  i n  low s u p p l y  r e g i o n s .  I n  F i g u r e  2 ,  
b r o n c h i t i s  and v a r i c o s e  v e i n s  a r e  g i v e n  a s  examples  o f  t h e s e  
two t y p e s  o f  d i s e a s e s .  

Some e m p i r i c a l  e v i d e n c e  f o r  t h e  t y p e  o f  b e h a v i o r  d e s c r i b e d  
above is  s u p p l i e d  by F e l d s t e i n  [ 6 ] ,  who e s t i m a t e d  t h e  e l a s t i c i -  
t i es  o f  a d m i s s i o n  r a t e s  and a v e r a g e  l e n g t h s  o f  s t a y  u s i n g  re- 
g i o n a l  c r o s s - s e c t i o n a l  d a t a  f o r  England i n  1960 (see T a b l e  1 ) .  
The z e r o  v a l u e  o f  t h e  e l a s t i c i t y  f o r  a p p e n d i c i t i s  a d m i s s i o n s  i s  
c o n s i s t e n t  w i t h  t h e  f l a t n e s s  o f  t h e  c u r v e  i n  F i g u r e  2; s i m i l a r l y ,  
t h e  o t h e r  c u r v e s  i n  F i g u r e  2  a r e  c o n s i s t e n t  w i t h  t h e  c o r r e s p o n d i n g  
e l a s t i c i t y  v a l u e s  i n  Tab le  1 .  

Appendicitis 
Admissions 'Ir7 
as fraction of ideal Bronchitis 
admission rate 

0 Bed supply 
Low High 

Stay 
as fraction of 
ideal stay 

Bronchitis 

0' Bed supply 
Low High 

F i g u r e  2 .  A p p l i c a t i o n  o f  t h e  Model DRAM t o  t h e  
h o s p i t a l  i n - p a t i e n t  s e c t o r .  



Table 1 .  The e f f e c t s  of  a  1  p e r c e n t  i n c r e a s e  i n  agg rega t e  hospi -  
t a l  bed supply  on admission r a t e s  and l e n g t h s  o f  s t a y  
( e m p i r i c a l  e s t i m a t e s  o f  e l a s t i c i t i e s  from F e l d s t e i n  [6]  
f o r  England, 1960).  

Increase i n  admissions Increase i n  s tay  
(percent) (percent) 

Varicose veins 0 . 8  0 . 6  

Hemorrhoids 

Ischemic Heart* 

Pneumonia 

Bronchitis 1 . 1  0.0 

Appendicitis 0.0 0 . 3  

*Excludes acute myocardial infarction.  

I n  t h e  fo l lowing  s e c t i o n ,  a  mathematical  model i s  proposed 
which a t t empt s  t o  s imu la t e  t h e  t ype  of  HCS behav io r  desc r ibed  
above. 

FORMULATION OF THE MODEL DRAM 

D e f i n i t i o n s  

S u b s c r i p t  

i = P a t i e n t  ca t ego ry  ( e . g . ,  by d i s e a s e  t y p e ) .  

Va r i ab l e s  

x = Number of p a t i e n t s  of  t ype  i admi t ted  t o  h o s p i t a l .  i 

u .  = Average l e n g t h  of s t a y  f o r  p a t i e n t s  of  t y p e  i who 
a r e  admi t ted  ( d a y s ) .  

Data - 

Xi = I d e a l  maximum number o f  p a t i e n t s  o f  t ype  i who need 
h o s p i t a l  t r e a t m e n t .  

Ui = I d e a l  average  l e n g t h  o f  s t a y  ( d a y s ) .  



B  = T o t a l  number o f  bed-days a v a i l a b l e  f o r  o c c u p a t i o n  
(' 1 X i U i )  - 

i 
ai ,Bi  a r e  s t r i c t l y  p o s i t i v e  c o n s t a n t s  tf i .  

H y p o t h e s i s  

The HCS chooses  t h e  xi ,  ui s o  a s  t o  maximize a  u t i l i t y  
f u n c t i o n ,  Z ,  where: 

U.X. 
gi ( x i )  = - 22 

and  

h . )  1 1  1  - ( )  '1 , 
* i 

s u b j e c t  t o  t h e  c o n s t r a i n t  

z X i U i = B  . 
1 

S o l u t i o n  

I t  c a n  b e  shown ( s e e  Gibbs [ I ] )  t h a t  t h e  s o l u t i o n  t o  t h e  
maximiza t ion  problem is: 



where A i s  a Lagrange M u l t i p l i e r  whose va lue  can be found by 
numer ica l  methods. A computer program t o  c a l c u l a t e  t h i s  s o l u t i o n  
has  been w r i t t e n  and is  a v a i l a b l e  on t h e  IIASA computer; i t  i s  
r e l a t i v e l y  ea sy  t o  t r a n s f e r  t o  o t h e r  computers .  The program i s  
des igned  i n  such a way t h a t  an i nexpe r i enced  u s e r  can r e a d i l y  use  
t h e  model. 

ILLUSTRATIVE APPLICATION OF THE MODEL 

The model 's  a p p l i c a b i l i t y  can  be demonstrated by u s i n g  1968 
d a t a  from t h e  South Western Region o f  England f o r  t h e  s i x  d i s e a s e s  
l i s t e d  i n  Table 1. 

The f i r s t  t a s k  i n  apply ing  t h e  model i s  t o  g e n e r a t e  s u i t a b l e  
parameter  v a l u e s .  Gibbs [ I ]  has  shown t h a t  va lues  f o r  t h e  param- 
e t e r s  a and Bi can  be r e a d i l y  d e r i v e d  from F e l d s t e i n ' s  e l a s t i c i t y  i 
e s t i m a t e s  shown i n  Table  1 .  I n  a  r e a l  a p p l i c a t i o n ,  t h e  parameters  
Xi and Ui would probably  be e s t i m a t e d  u s i n g  in fo rma t ion  on morbid- 

i t y  and c l i n i c a l  judgments. For  t h i s  p u r e l y  i l l u s t r a t i v e  app l i ca -  
t i o n ,  t h e  e s t i m a t e s  were ob ta ined  us ing  1968 d a t a  on admission 
r a t e s  and l e n g t h s  o f  s t a y  f o r  15 r eg ions  o f  England and Wales; 
f o r  each parameter  t h e  h i g h e s t  f i g u r e  from t h e  15 r e g i o n s  was 
s e l e c t e d .  The f u l l  l i s t  o f  parameter  va lues  is  g iven  i n  Table  2 .  

Table  2 .  I l l u s t r a t i v e  run o f  model: parameter  va lues  f o r  
England and Wales, 1968. 

Disease  
(i) 

Power parameters* -- I d e a l  l eve l s**  

Averase Admissions p e r  Averaqe 
Admissions s t a y  m i l l i o n  p o p u l a t i o n  s t a y  (days)  
(ai) (6,) ( X i )  ( U i )  

Var icose  v e i n s  1.64 3 .03 12.8 15.4 

Hemorrhoids 2.11 4.68 7.7 13.1 

Ischemic h e a r t  0.54 1 .31  10.4 52.1 

Pneumonia 2. 28 9.87 21.0 19.7 

B r o n c h i t i s  1.18 49.00 21.3 34.2 

A p p e n d i c i t i s  44.40 7 .06 24.8- 10.1 

*Derived from e l a s t i c i t i e s  e s t ima ted  by F e l d s t e i n  [ 6 ] ,  shown i n  Table 3. 
**The maximum l e v e l s  found among t h e  15  r e g i o n s  o f  England and Wales f o r  

1968. 



Now t h a t  t h e  p a r a m e t e r s  have  v a l u e s ,  t h e  model can  be r u n  
t o  s i m u l a t e  how t h e  HCS would s i m u l a t e  any g i v e n  a g g r e g a t e  s u p p l y  
o f  bed-days ( B ) .  I n  t h e  f i r s t  i l l u s t r a t i v e  model,  t h e  r u n  i n p u t  
q u a n t i t y  B i s  se t  e q u a l  t o  1094 bed-days, which is  t h e  amount 
a c t u a l l y  used  f o r  t h e  s i x  d i s e a s e s  i n  q u e s t i o n  i n  t h e  South  
Western Region i n  1968. I t  i s ,  t h e r e f o r e ,  i n s t r u c t i v e  t o  compare 
t h e  o u t p u t  from t h e  model r u n  w i t h  d a t a  on t h e  a c t u a l  s i t u a t i o n  
i n  t h e  Region i n  1968. The r e l e v a n t  f i g u r e s  a r e  p r e s e n t e d  i n  
T a b l e  3. The d e g r e e  o f  agreement  i s  r e a s o n a b l e  enough f o r  an  
i l l u s t r a t i v e  r u n  i n  which v e r y  c r u d e  p a r a m e t e r  e s t i m a t e s  have 
been u s e d .  

The m o d e l ' s  a p p l i c a t i o n  t o  e x p l o r i n g  p o l i c y  o p t i o n s  f o r  
bed  s u p p l y  i s  i l l u s t r a t e d  by two f u r t h e r  model r u n s  i n  which 
t h e  bed  s u p p l y  f i g u r e  is  set  a t  two d i f f e r e n t  v a l u e s ,  one  l a r g e r  
and one  s m a l l e r  t h a n  t h e  f i g u r e  1094 bed-days,  which was used  
i n  t h e  i n i t i a l  r u n  (see Table  4 ) .  

N a t u r a l l y ,  a l l  t h e  o u t p u t  q u a n t i t i e s  i n c r e a s e  from t h e  low 
s u p p l y  run t o  t h e  h i g h  s u p p l y  r u n .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  
t h e  i n c r e a s e s  v a r y  c o n s i d e r a b l y  from one q u a n t i t y  t o  a n o t h e r .  
T h i s  v a r i a t i o n  can b e  u n d e r s t o o d  i n  t e r m s  o f  t h e  c o r r e s p o n d i n g  
p a r a m e t e r  v a l u e s  and o f  t h e  c u r v e s  shown i n  F i g u r e  2 .  F o r  ex- 
ample,  t h e  admiss ion  r a t e  f o r  a p p e n d i c i t i s  i n c r e a s e s  o n l y  s l i g h t l y  
between t h e  two r u n s ,  from 2 3.7 t o  2  4 .3  (see T a b l e  4  ) and i s  i n  
b o t h  c a s e s  c l o s e  t o  t h e  i d e a l  l e v e l  24.1 (see Table  3 ) ;  t h i s  i s  
c o n s i s t e n t  w i t h  t h e  c o r r e s p o n d i n g  c u r v e  i n  F i g u r e  2. By c o n t r a s t ,  
t h e  admiss ion  r a t e  f o r  b r o n c h i t i s  v a r i e s  s t r o n g l y  a s  a  f u n c t i o n  
o f  bed s u p p l y ,  b o t h  i n  Tab le  4 and i n  F i g u r e  2 .  

T a b l e  3. I l l u s t r a t i v e  r u n  o f  model f o r  t h e  South  Western Region 
o f  England,  1968: model o u t p u t  f o r  c u r r e n t  bed s u p p l y  
(1094 bed-days p e r  m i l l i o n  p o p u l a t i o n )  compared w i t h  
a c t u a l  s i t u a t i o n .  

Model o u t p u t  f o r  
c u r r e n t  bed  supp ly  A c t u a l  s i t u a t i o n  

Admiss i o n s  Admiss ions  
p e r  m i l l i o n  Average p e r  m i l l i o n  Average 

D i s e a s e  
p o p u l a t i o n  s t a y  (days )  p o p u l a t i o n  s t a y  (days )  

(i) 
(x i )  (ui)  (x i )  (u i )  

V a r i c o s e  v e i n s  7.9 10.8  6 .3  11.3  

Hemorrhoids 5 .1  10.2  4 . 1  1 3 . 1  

Ischemic  h e a r t  4.9 28.3 4 . 6  40.2 

Pneumonia 13 .9  17.3  12.3 14.7  

B r o n c h i t i s  11.2 33.2 11 .8  27.4 

A p p e n d i c i t i s  24.1 8 . 5  24.8  11 .3  



Table  4 .  I l l u s t r a t i v e  run  o f  model f o r  S o u t h  Western Region o f  
England,  1968: model o u t p u t  f o r  a l t e r n a t i v e  bed s u p p l y  
s i t u a t i o n s .  

Low bed supply: High bed supply: 
800 bed-days 1400 bed-days 

Admissions Admissions 
per million Average per million Average 
population stay (days) population stay (days) 

Disease 
(i) 

(xi) (ui) (xi) h i )  

Varicose veins 6.4 9.2 9.4 12.4 

Hemorrhoids 4.1 9.0 5.9 11.2 

Ischemic heart 3.6 20.7 6.3 35.6 

Pneumonia 11.3 16.1 16.2 18.1 

Bronchitis 8.1 32.8 14.2 33.6 

Appendicitis 23.7 7.7 24.3 9.1 

FUTURE WORK WITH THE MODEL 

A s  w i t h  t h e  o t h e r  p a r t s  o f  t h e  IIASA HCS model t h a t  a r e  now 
a v a i l a b l e ,  t h e  f i r s t  o b j e c t i v e  i s  t o  a p p l y  t h e  model. I n d e e d ,  
a r r a n g e m e n t s  have  been made t o  t r y  o u t  t h e  model d e s c r i b e d  i n  
t h i s  p a p e r ,  a l o n g  w i t h  o t h e r  p a r t s  o f  t h e  HCS model,  i n  c o l l a b o -  
r a t i o n  w i t h  r e s e a r c h  c e n t e r s  i n  c e r t a i n  IIASA N a t i o n a l  Member 
O r g a n i z a t i o n  c o u n t r i e s .  W e  hope t o  r e p o r t  t h e  f i r s t  r e s u l t s  o f  
t h e s e  a p p l i c a t i o n s  n e x t  y e a r .  

W e  a l s o  p l a n  t o  d e v e l o p  t h e  model s o  t h a t  i t  w i l l  r e p r e s e n t :  
( 1 )  t h e  a l l o c a t i o n  o f  more t h a n  j u s t  one  HCS r e s o u r c e  w i t h i n  a  
g i v e n  mode o f  c a r e  ( e . g . ,  b e d s ,  p h y s i c i a n s ,  n u r s e s  i n  h o s p i t a l s ) ;  
and ( 2 )  t h e  s u b s t i t u t i o n  between a l t e r n a t i v e  modes o f  t r e a t m e n t  
i n  d i f f e r e n t  s e c t o r s  o f  t h e  HCS ( e . g . ,  i n - p a t i e n t  and o u t - p a t i e n t  
t r e a t m e n t ) .  The former  d o e s  n o t  a p p e a r  t o  p r e s e n t  g r e a t  t e c h n i c a l  
d i f f i c u l t y  and we have a l r e a d y  f o r m u l a t e d  an approach ,  b u t  t h e  
l a t t e r  may n o t  p rove  t o  b e  e a s y .  I t  w i l l  b e  d i f f i c u l t  t o  r e t a i n  
s u f f i c i e n t  s i m p l i c i t y  i n  t h e  f o r m u l a t i o n  s o  a s  t o  a l l o w  e f f i c i e n t  
s o l u t i o n  by Lagrange M u l t i p l i e r s  (and  s o  a v o i d  b e i n g  f o r c e d  t o  
u s e  l a r g e  and h i g h l y  s p e c i a l i z e d  computer p r o g r a m s ) ,  w h i l e  a t  
t h e  same t i m e  c a p t u r i n g  t h e  e s s e n c e  o f  t h e  problem o f  t h e  b a l a n c e  
between a l t e r n a t i v e  modes o f  c a r e .  Only f u r t h e r  s t u d y  w i l l  re- 
v e a l  w h e t h e r  t h i s  d i f f i c u l t y  c a n  b e  overcome. 
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DISCUSSION 

D r .  H a r t g e r i n k  began by o b s e r v i n g  t h a t  t h e  IIASA model 
seemed t o  b e  based  on  t h e  assumpt ion  t h a t  s o c i e t y  needs  more 
h e a l t h  c a r e ,  i - e . ,  t h a t  t h e  number o f  p a t i e n t s ,  modes o f  c a r e ,  
and  s t a n d a r d s  o f  c a r e  s h o u l d  b e  maximized. H e  f e l t ,  however,  
t h a t  t h e r e  i s  a  l a c k  o f  e v i d e n c e  showing t h a t  more m e d i c a l  c a r e  
i s  r e q u i r e d .  Examples o f  c o n t r a r y  i n d i c a t i o n s  i n c l u d e  t h e  f a c t  
t h a t  d u r i n g  a  six-week d o c t o r s '  s t r i k e  i n  Belgium t h e  number o f  
d e a t h s  a c t u a l l y  d e c r e a s e d ;  s i m i l a r l y ,  t h e  p h y s i c i a n / p o p u l a t i o n  
r a t i o  i n  t h e  p r o v i n c e  o f  O n t a r i o  i n  Canada i s  t w i c e  a s  h i g h  a s  
i n  t h e  p r o v i n c e  o f  P r i n c e  Edwards I s l a n d ,  b u t  t h e r e  i s  no e v i -  
dence  t h a t  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  i n  t h e  two a r e a s  
d i f f e r s .  D r .  H a r t g e r i n k  f e l t  it might  b e  more u s e f u l  t o  a p p l y  
models  t o  t h e  q u e s t i o n  o f  what  i s  f u n c t i o n i n g  p o o r l y  i n  t h e  
p r e s e n t  h e a l t h  c a r e  sys tem.  

D r .  H a r t g e r i n k  a l s o  p o i n t e d  o u t  t h a t  t h e  IIASA model d e a l s  
o n l y  w i t h  d i s c r e t e  c a s e s  o f  d i s e a s e  and t r e a t m e n t .  I n  h i s  o p i n -  
i o n ,  however,  much o f  a  p h y s i c i a n ' s  work d e a l s  w i t h  i n f l u e n c i n g  
t h e  q u a l t i y  o f  l i f e  o f  h i s  p a t i e n t s - - s u b j e c t i v e  f e e l i n g s  t h a t  
c a n n o t  be q u a n t i f i e d  i n  t e r m s  o f  a  " d i s e a s e " .  I n  many c a s e s ,  
a  p h y s i c i a n  i s  n o t  even a b l e  t o  d i a g n o s e  w i t h  c e r t a i n t y  what  
i s  t r o u b l i n g  h i s  p a t i e n t .  D r .  H a r t g e r i n k  c o n c l u d e d  t h a t  t h e  
h e a l t h  c a r e  sys tem model d i s r e g a r d s  a l l  t h o s e  e p i s o d e s  o f  ill- 
n e s s  t o  which a  c l e a r  d i a g n o s i s  c a n n o t  b e  a t t a c h e d .  

D r .  Rousseau t h e n  ment ioned t h a t  t h e r e  i s  an i m p o r t a n t  d i f -  
f e r e n c e  ( a n d  p e r h a p s  even  no  r e l a t i o n )  between t h e  " h e a l t h  sys tem"  
and t h e  " h e a l t h  c a r e  sys tem" .  H e  a l s o  r a i s e d  t h e  h y p o t h e s i s  t h a t  
i f  m e d i c a l  r e s o u r c e s  a r e  i n c r e a s e d ,  consumption w i l l  c o n c o m i t a n t l y  
i n c r e a s e  w i t h o u t  n e c e s s a r i l y  a p p r o a c h i n g  s a t u r a t i o n .  I n  D r .  
R o u s s e a u ' s  o p i n i o n ,  t h e  d e c i s i o n  a b o u t  how much money t o  spend  
on  m e d i c a l  c a r e  i s  l a r g e l y  o f  a  p o l i t i c a l  n a t u r e ,  f o r  t h e  p u b l i c  
wants  more h e a l t h  s e r v i c e s  w h e t h e r  o r  n o t  t h e y  a r e  i n  f a c t  bene- 
f  i c i a l  . 

D r .  Van d e r  Werff added t h a t  i n c r e a s i n g  t h e  number o f  hos-  
p i t a l  b e d s  i s  n o t  p r e s e n t l y  a  g o a l  o f  many h e a l t h  c a r e  s y s t e m s ;  
r a t h e r ,  p o l i c y m a k e r s  a r e  t r y i n g  t o  deemphasize  h o s p i t a l  c a r e  and 
move toward ambula to ry  c a r e .  

D r .  Gibbs e x p l a i n e d  t h a t  t h e  d i s a g g r e g a t e d  r e s o u r c e  a l l o c a -  
t i o n  model c a n  s i m u l a t e  a  r e d u c t i o n  a s  w e l l  a s  an  i n c r e a s e  i n  
h o s p i t a l  b e d s .  Tha t  i s ,  t h e  d e s i r e d  number o f  b e d s  c a n  b e  p l a c e d  
below s a t u r a t i o n  l e v e l  t o  p e r m i t  a  s h i f t  t o  ambula to ry  c a r e .  

D r .  K a i h a r a  s t r e s s e d  t h a t  "need" and "demand" f o r  m e d i c a l  
c a r e  a r e  q u i t e  d i f f e r e n t  c o n c e p t s .  While "need" c a n  be deduced 



from morbid i ty  r a t e s ,  "demand" depends on a  m u l t i p l i c i t y  of  
f a c t o r s ,  such a s  t h e  educa t ion  of  p a t i e n t s .  The re fo re ,  many 
v a r i a b l e s  must e n t e r  i n t o  a  p r e d i c t i o n  of  a c t u a l  numbers of  
c a s e s .  

D r .  Andersson sugges ted  t h a t  models should  n o t  be used t o  
t r y  t o  f i n d  op t ima l  s t r a t e g i e s ,  b u t  r a t h e r  t o  improve b a s i c  
knowledge about  t h e  a c t u a l  behav io r  o f  t h e  system. He f e l t  it 
would be v a l u a b l e  t o  go  through a l l  p o s s i b l e  v a r i a t i o n s  o f  t h e  
model parameters  and then  t o  use t h e  outcomes t o  ana lyze  supply  
p a t t e r n s ,  i . e . ,  s i m u l a t i o n s  could  be used t o  deduce q u a n t i t a t i v e  
r e l a t i o n s  between s t imu lus  and response .  

P r o f .  van Eimeren po in t ed  o u t  t h r e e  more problems i n  h e a l t h  
c a r e  system modeling: 

- The adequacy of  " r o u t i n e  d a t a "  f o r  d e r i v i n g  impor t an t  
r e l a t i o n s h i p s  between v a r i a b l e s .  The a c c e p t a b i l i t y  of  
such d a t a  i s  be ing  cha l l enged  because no changes can  be 
d e t e c t e d  i n  t h e  d a t a  even ove r  long p e r i o d s  o f  t ime.  I n  
t h e  Fede ra l  Republic  o f  Germany new q u e s t i o n s  about  pre-  
v e n t i v e  medicine a r e  c o n s t a n t l y  b e i n g  addressed  t o  r o u t i n e  
d a t a ,  b u t  it i s  c l e a r  t h a t  new types  o f  d a t a  a r e  needed 
i n s t e a d .  

- The v a l u e  o f  morb id i ty  d a t a .  Such d a t a  a r e  t r e a t e d  a s  
i n p u t  i n t o  models of  t h e  h e a l t h  c a r e  system, b u t  t hey  
can  be cons ide red  o u t p u t  a s  w e l l .  For i n s t a n c e ,  i f  more 
f a c i l i t i e s  f o r  d iagnos ing  d i a b e t e s  a r e  b u i l t ,  more c a s e s  
of  d i a b e t e s  w i l l  be r e g i s t e r e d  i n  morb id i ty  s t a t i s t i c s .  

- The l a c k  o f  e x p l i c i t  models of  the  p l ann ing  p r o c e s s .  I f  
one wishes t o  model a  system adequate ly ,  one must a l s o  
t a k e  i n t o  account  t h e  s e l f - i n t e r e s t  o f  many decisionmakers .  
I t  i s  a l s o  neces sa ry  t o  c o n s i d e r  such f a c t o r s  a s  " equ i ty"  
a s  model c o n s t r a i n t s .  

D r .  Klementiev responded t h a t  t h e  c u r r e n t  v e r s i o n  of t h e  
model i s  r e s t r i c t e d  t o  s e l e c t e d  components o f  t h e  h e a l t h  c a r e  
sys tem,  t h a t  i s ,  t h e  d e l i v e r y  of  c a r e .  However, it i s  hoped t h a t  
t h e  model w i l l  be  expanded t o  i n c l u d e  t h e  p l ann ing  p r o c e s s ,  a s  
w e l l  a s  socioeconomic and environmental  v a r i a b l e s .  

D r .  Shigan r e i t e r a t z d  t h a t  t h e  model i s  a  s imple  one and i s  
n o t  des igned  t o  answer a l l  q u e s t i o n s ;  i n  f a c t ,  t h e  modeling team 
i s  working on an o p e r a t i o n a l  d e f i n i t i o n  of  a  h e a l t h  c a r e  system 
a t  t h e  n a t i o n a l  l e v e l .  D r .  Shigan a l s o  exp la ined  t h a t  t h e  mor- 
b i d i t y  d a t a  used i n  t h e  model were taken  from comprehensive h e a l t h  
su rveys  r a t h e r  than  r o u t i n e  d a t a .  

D r .  Rousseau f e l t  t h a t  t h e  model should go beyond t h e  c u r r e n t  
concept ion  of  morb id i ty  and t a k e  i n t o  account  medical  c a r e  sought  
by 2 a t i e n t s  who complain of such vague symptoms a s  " t i r e d n e s s " .  
He added t h a t  perhaps abou t  50 p e r c e n t  o f  a l l  c a r e  i s  devoted t o  



s u c h  c o m p l a i n t s  and h e  asked  how s t a n d a r d s  c o u l d  b e  deve loped  
f o r  s u c h  c a r e .  

D r .  Lagergren  j e s t i n g l y  r e f e r r e d  t o  t h e  " f o u r t h  law o f  
thermodynamics",  which i s  based  on  t h e  p r i n c i p l e  t h a t  t h e  number 
o f  h o s p i t a l i z e d  p a t i e n t s  w i l l  e q u a l  t h e  number o f  b e d s .  H e  f e l t  
t h a t  t h i s  p r i n c i p l e  r e d u c e s  t h e  v a l u e  o f  a  model t h a t  r e l a t e s  
t h e  p o p u l a t i o n  s t r u c t u r e  t o  m o r b i d i t y  and m o r b i d i t y  t o  need f o r  
b e d s .  D r .  Lagergren  a l s o  n o t e d  t h a t  a  c o m p l e t e  set  o f  d i a g n o s e s  
o f  a l l  c a s e s  must b e  a v a i l a b l e  a s  i n p u t  i n t o  t h e  model. However, 
b e c a u s e  it  i s  n o t  p o s s i b l e  i n  80 p e r c e n t  o f  c a s e s  t o  make a  d i a g -  
n o s i s ,  e x i s t i n g  m o r b i d i t y  d a t a  b a s e d  o n  d i a g n o s i s  a r e  v e r y  weak. 
The g r e a t  u n c e r t a i n t y  o f  such  d a t a  i s  d e m o n s t r a t e d  by t h e  f a c t  
t h a t  v e r y  d i f f e r e n t  t r e n d s  i n  d i a g n o s i s  can  be o b s e r v e d  between 
h o s p i t a l s .  A l l  o f  medic ine  c a n n o t  b e  d e s c r i b e d  i n  t e r m s  o f  
d i a g n o s i s .  

D r .  S p i e s  t h e n  s t r e s s e d  t h a t  t h e  model a s  it now s t a n d s  
shows g r e a t  p r o g r e s s  i n  t h e  f i e l d ,  b u t  t h a t  it s t i l l  c a n n o t  
a d d r e s s  a l l  q u e s t i o n s .  H e  f e l t  t h a t  g r e a t e r  f l e x i b i l i t y  must 
b e  i n t r o d u c e d  i n  t h e  model t o  t a k e  i n t o  c o n s i d e r a t i o n  t h e  e n v i -  
ronment and o t h e r  f a c t o r s  a f f e c t i n g  m o r b i d i t y .  D r .  S p i e s  a l s o  
e x p l a i n e d  t h a t  i n  t h e  German Democra t ic  R e p u b l i c  t h e  c e n t r a l i z e d  
p l a n n i n g  p r o c e s s  is  aimed a t  a c h i e v i n g  an i d e a l  s t e a d y  s t a t e ,  b u t  
r a t h e r  a t  e s t a b l i s h i n g  p r i o r i t i e s  f o r  mee t ing  demands. For  i n -  
s t a n c e ,  i t  must b e  p lanned  whether  l i m i t e d  f u n d s  w i l l  be  used t o  
d i a g n o s e  and t r e a t  s u c h  c o n d i t i o n s  a s  i n c a r c e r a t e d  h e r n i a s  o r  
c h r o n i c  rheumatism.  

D r .  S p i e s  a l s o  p o i n t e d  o u t  t h e  impor tance  o f  t a k i n g  i n t o  
c o n s i d e r a t i o n  t h e  impac ts  o f  improvements i n  s c i e n t i f i c  t e c h -  
no logy .  One may a s k ,  f o r  example,  what e f f e c t  t h e  u s e  o f  h e a r t  
pacemakers  h a s  made on t h e  i n - p a t i e n t  s i t u a t i o n ;  w h i l e  s u c h  t e c h -  
no logy  h a s  i n c r e a s e d  t h e  l i f e  span  o f  p a t i e n t s ,  it h a s  a l s o  i n -  
c r e a s e d  t h e i r  need f o r  i n - p a t i e n t  and o u t - p a t i e n t  c a r e .  D r .  S p i e s  
conc luded  t h a t  t h e  a p p l i c a t i o n  o f  t h e  models t o  d e c i s i o n m a k i n g  i s  
a t  t h e  p r e s e n t  t i m e  u s e f u l ,  b u t  s t i l l  r e s t r i c t e d .  

D r .  Sh igan  emphasized a t  t h i s  p o i n t  t h a t  t h e  IIASA team h a s  
been  work ing  on a  u n i v e r s a l  method f o r  mode l ing  n a t i o n a l  h e a l t h  
c a r e  s y s t e n ~ s .  I t  i s  c l e a r  t h a t  t o  a p p l y  s u c h  a  model i n  a  g i v e n  
n a t i o n ,  it must b e  p a r a m e t e r i z e d  s p e c i f i c a l l y  t o  r e f l e c t  t h e  
c o n d i t i o n s  p r e v a i l i n g  t h e r e .  

D r .  van Eimeren i n t e r j e c t e d  t h a t  c e r t a i n  problems c a n n o t  be 
s t u d i e d  i n  t h e  c o n t e x t  o f  a  s i n g l e  c o u n t r y .  For  i n s t a n c e ,  t h e  
FRG h a s  a  h i g h e r  r a t e  o f  appendec tomies  and a  h i g h e r  a s s o c i a t e d  
m o r t a l i t y  r a t e  t h a n  o t h e r  n a t i o n s .  Pf l a n z  h a s  i n t e r p r e t e d  t h i s  
phenomenon t o  b e  t h e  r e s u l t  o f  t o o  much and f a l s e  t r e a t m e n t ,  
w h i l e  o t h e r  i n v e s t i g a t o r s  c l a i m  t h a t  t h e  ep idemio logy  o f  problems 
r e l a t e d  t o  t h e  appendix  i s  d i f f e r e n t  i n  t h e  FRG a s  compared 
w i t h  o t h e r  c o u n t r i e s .  D r .  van Eimeren f e l t  t h a t  t h e s e  h y p o t h e s e s  
c a n n o t  b e  t e s t e d  w i t h o u t  c o n t r o l l e d  c o m p a r a t i v e  t r i a l s  i n  Germany 
and o t h e r  c o u n t r i e s .  
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D r .  Ba i l ey :  D i scus s ion  h a s  been p o l a r i z e d  between e x p l i c a -  
t i o n  o f  complex mathemat ica l  models and t h e  p l a n n e r s  ' concern  f o r  
t h e  r e l e v a n c e  o f  models t o  c o n c r e t e ,  p r a c t i c a l  problems o f  dec i -  
s ionmaking.  Is it p o s s i b l e  f o r  modele rs  and a d m i n i s t r a t o r s  t o  
r e ach  a  common unde r s t and ing?  

D r .  Graham: P o l i t i c i a n s  and a d m i n i s t r a t o r s  c o n s t a n t l y  make 
d e c i s i o n s  w i t h  t h e  a i d  o f  t h e i r  own in fo rma l  models; i t  i s  t h e  
f u n c t i o n  of  model -bu i lders  t o  make e x p l i c i t  t h e  i m p l i c i t  assump- 
t i o n s  o f  dec i s ionmakers .  I t  is n o t  t h a t  t h e  s o l u t i o n s  t h a t  t h e  
models g i v e  a r e  o f t e n  wrong, b u t  r a t h e r  t h e  q u e s t i o n s  asked.  

D r .  Weiss: Does n o t  r e j e c t  t h e  u t i l i t y  o f  models p e r  se, 
b u t  f e e l s  it i s  dangerous t o  b u i l d  l a r g e  g e n e r i c  models w i t h  
g l o b a l  t a r g e t s :  Modeling e f f o r t s  might  be more s u c c e s s f u l  i f  
aimed a t  nar rower  o b j e c t i v e s .  

D r .  S p i e s :  D i sag ree s  t h a t  consumption n e c e s s a r i l y  e q u a l s  
a v a i l a b i l i t y ,  q u o t i n g  o f t e n  expe r i enced  problems o f  v a c c i n a t i o n  
campaigns.  S t r e s s e d  t h a t  consumption o f t e n  a f f e c t e d  by f a s h i o n ,  
such  a s  co sme t i c  s u r g e r y ;  consumption can be manipula ted .  

D r .  Rousseau: I n  de f ense  o f  model ing,  it i s  aimed a t  under-  
s t a n d i n g  how a  system works, t o  show t h e  dec i s ionmaker  t h e  pos- 
s i b l e  consequences o f  h i s  d e c i s i o n s .  I f  models a r e  a b l e  t o  t es t  
hypo the se s  s u c c e s s f u l l y  ( such  a s  whether  t h e  working environment  
i n f l u e n c e s  h e a l t h ) ,  t hen  t hey  can  a f f e c t  t h e  t h i n k i n g  o f  p l a n n e r s .  
Even i f  t h e  model is n o t  implemented i n  a  g i v e n  c o u n t r y ,  it can 
h e l p  i t s  p l a n n e r s  c o r r e c t  t h e i r  a  p r i o r i  assumpt ions .  

D r .  Asva l l :  F e e l s  t h a t  a  model can  be v a l u a b l e  i n  h e l p i n g  
p l a n n e r s  look  a t  t h e  consequences o f  p o l i c i e s ,  such  a s  a l l o c a t i o n  
o f  c a r e .  Models a l s o  g i v e  po l icymakers  a t  t h e  n a t i o n a l  l e v e l  an  
overv iew o f  t h e  sys tem and b r i n g  more r a t i o n a l i t y  t o  t h e  d e c i s i o n -  
making p r o c e s s .  However, modeling is  n o t  mature  enough t o  show 
t h e  impac ts  o f  p o l i c i e s  on h e a l t h  outcomes.  Such outcomes can 
o n l y  be  d e r i v e d  from d e t a i l e d  s t u d i e s  o f  ve ry  s p e c i f i c  i l l n e s s e s ,  
such  a s  c a r e  f o r  hemoph i l i a c s .  Perhaps  such  a  d e t a i l e d  s t u d y  
cou ld  be  unde r t aken  a t  IIASA, i n  a d d i t i o n  t o  more g e n e r a l  modeling. 

D r .  Ka ihara :  Models shouid  be b u i l t  on t h e  b a s i s  o f  r e a l  
s t a t i s t i c s .  

D r .  Gibbs: Agrees w i t h  Weiss t h a t  e a r l i e r  s t a g e s  o f  h e a l t h  
c a r e  model ing a t  IIASA were t o o  amb i t i ous ,  b u t  s t r e s s e d  t h a t  work 
i s  p roceed ing  now on c l e a r l y  demarcated components o f  t h e  h e a l t h  
c a r e  sys tem,  w i t h  more modest o b j e c t i v e s .  F e e l s  t h a t  t h e  work 
does  n o t  have u n i v e r s a l  u s e f u l n e s s ,  a s  shown by a p p l i c a t i o n s  o f  
t h e  IIASA model i n  France and t h e  GDR. 

P r o f .  Fuchs-Kit towski :  Modeling, however p rob l ema t i c ,  does  
b r i n g  a  s c i e n t i f i c  approach t o  dec i s ionmaking .  





PART I1 

H e a l t h  C a r e  Sys tems  Mode l ing  
By N a t i o n a l  a n d  I n t e r n a t i o n a l  C e n t e r s  





THE ROLE OF VALIDATION I N  HEALTH CARE 
SYSTEMS MODELING 

N.T.J. B a i l e y  

INTRODUCTION 

I n  a  wide range  o f  q u a n t i t a t i v e l y  based  s t u d i e s  i n  medic ine  
and p u b l i c  h e a l t h ,  some form o f  model ing,  e i t h e r  s t a t i c  o r  dy- 
namic, i s  i n  p r o g r e s s .  Thus a  g r e a t  d e a l  o f  r a t h e r  p r e c i s e  
dynamic model ing e x i s t s  i n  t h e  i n v e s t i g a t i o n  o f  p h y s i o l o g i c a l  
p r o c e s s e s .  Fo r  example, s t a t i s t i c a l  t h e o r y  h a s  been used  ex t en -  
s i v e l y  i n  t h e  d e s i g n  of c o n t r o l l e d  c l i n i c a l  t r i a l s ,  and r e c e n t l y  
t h e  u s e  o f  s p e c i a l  models h a s  been advoca ted  f o r  t h e  con t i nuous  
mon i to r i ng  o f  such  t r i a l s .  The s t u d y  of  t h e  s p r e a d  o f  communi- 
c a b l e  d i s e a s e s  h a s  been a s s i s t e d  f o r  many y e a r s  by dynamic t h e o r y .  
Ope ra t i ons  r e s e a r c h  and sys tems  a n a l y s i s  have been  r e g u l a r l y  ap- 
p l i e d  t o  r e s o u r c e  a l l o c a t i o n  problems and t h e  c h o i c e  o f  o p t i m a l  
s t r a t e g i e s  i n  dec i s ionmaking  s i t u a t i o n s ,  and s o  on.  However, 
t h e  f u r t h e r  one g e t s  away from n a t u r a l l y  o c c u r r i n g  sys tems ,  
e s p e c i a l l y  t h o s e  w i t h  a n  e x t e n s i v e  p h y s i c a l  o r  b i o l o g i c a l  b a s i s ,  
and moves toward manmade sys tems  i n v o l v i n g  a  l a r g e  e lement  o f  
a d m i n i s t r a t i v e  cho i ce ,  t h e  more d i f f i c u l t  becomes t h e  a t t e m p t  
t o  f o r m u l a t e  a  sound mathemat ica l  b a s i s .  

Hea l t h  c a r e  d e l i v e r y  is  p r e c i s e l y  such  a  sys tem,  and t h e  
problems a r e  compounded by t h e  v i r t u a l l y  u n f e t t e r e d  growth o f  a  
h e a l t h  s e r v i c e  i n d u s t r y  t h a t  i s  now n o t  o n l y  t h e  l a r g e s t  s e r v i c e  
i n d u s t r y  i n  t h e  wor ld ,  b u t  a l s o  one o f  t h e  l a r g e s t  i n d u s t r i e s  i n  
a b s o l u t e  t e r m s  i n  most c o u n t r i e s .  The mass ive  i n d u s t r i a l i z a t i o n  
o f  t h e  h e a l t h  i n d u s t r y  i s  gea r ed  p r i m a r i l y  t o  maximizing p r o f i t s  
f o r  t h e  p roduce r s ,  and i s  suppo r t ed  by t h e  fo rma t ion  o f  d e f e n s i v e  
c a r t e l s ,  and l a r g e - s c a l e  a d v e r t i s i n g  bo th  t o  d o c t o r s  and members 
o f  t h e  p u b l i c .  

Aga in s t  such  a  background,  it i s  o f t e n  d i f f i c u l t  f o r  t h e  
u l t i m a t e  consumer, a n  i n d i v i d u a l  s u f f e r e r  o r  p a t i e n t ,  t o  e x e r c i s e  
t h e  b a s i c  human r i g h t  t o  h e a l t h .  The consumer i s  u s u a l l y  poo r ly  
in formed abou t  what  h e a l t h  s e r v i c e s  e x i s t ,  and what t hey  a r e  
supposed t o  do.  Medical  p r a c t i t i o n e r s  o f t e n  have no way of  
e v a l u a t i n g  t h e  f l o o d  o f  new drugs  and t e c h n o l o g i c a l  s e r v i c e s  
a v a i l a b l e  t o  them. Consumers and p r a c t i t i o n e r s  a l i k e  a r e  sub- 
j e c t e d  t o  t h e  overwhelming p s y c h o l o g i c a l  and s o c i a l  p r e s s u r e s  
g e n e r a t e d  by t h e  h e a l t h  i n d u s t r y .  

I t  i s  t h e  t a s k  of  t h e  p u b l i c  h e a l t h  a u t h o r i t i e s  (and  h e a l t h  
p l a n n e r s )  t o  p r o v i d e  an e n l i g h t e n e d  approach t o  such  major  prob- 
l e m s .  T h i s  i s  a mammoth unde r t ak ing ,  r e q u i r i n g  e n t h u s i a s t i c  and 



i n t e l l i g e n t  c o o p e r a t i o n  among t h e  m e d i c a l  p r o f e s s i o n s ,  m e d i c a l  
t e c h n o l o g i s t s ,  p h a r m a c e u t i c a l  i n d u s t r i e s ,  h e a l t h  p l a n n e r s ,  and 
t h e  community of  h e a l t h  consumers .  H e a l t h  p l a n n e r s  mus t ,  t h e r e -  
f o r e ,  b e  a b l e  t o  t a k e  a  b r o a d  m u l t i d i s c i p l i n a r y  view,  i n c l u d i n g  
p a y i n g  a t t e n t i o n  t o  t h e  c o n s t r a i n t s  imposed by b o t h  h e a l t h  eco-  
nomics and  a  v a r i e t y  o f  n o n q u a n t i f i a b l e  human v a l u e s .  

I n  s u c h  a  c o n t e x t ,  good p o l i c y  d e c i s i o n s  and t h e  s e l e c t i o n  
of  r e a s o n a b l e  s t r a t e g i e s  must b e  b a s e d  on a p p r o p r i a t e  f o r e c a s t i n g  
t e c h n i q u e s  t h a t  a l l o w  approx imate  c a l c u l a t i o n  o f  t h e  consequences  
o f  any p a r t i c u l a r  c h o i c e .  R e l i a b l e  q u a n t i t a t i v e  a n a l y s i s  must b e  
b a s e d  on  a  sound u n d e r s t a n d i n g  o f  t h e  f o r c e s  a t  work, and t h i s  
i n e v i t a b l y  e n t a i l s  d e v e l o p i n g  s u i t a b l e  models o f  t h e  u n d e r l y i n g  
mechanisms. However, f o r  t h i s  k i n d  o f  s c i e n t i f i c  approach  t o  
t h e  problems o f  h e a l t h  c a r e  d e l i v e r y  t o  work, we must b e  a b l e  t o  
t e l l  w h e t h e r  t h e  models a r e  good o r  bad ,  whe ther  we c a n  b e l i e v e  
i n  them o r  n o t ,  and  how t o  improve t h e i r  e f f e c t i v e n e s s .  

The f o l l o w i n g  d i s c u s s i o n  a t t e m p t s  t o  b r i n g  o u t  t h e  major  
p o i n t s  i n  f a c i l i t a t i n g  t h e  v a l i d a t i o n  o f  s u c h  model ing i n  i t s  
a p p l i c a t i o n  t o  t h e  b e t t e r  u n d e r s t a n d i n g  a n d  c o n t r o l  o f  h e a l t h  
c a r e  d e l i v e r y  sys tems .  

TYPOLOGY OF MODELING 

Model ing,  even i n  e x p l i c i t l y  m a t h e m a t i c a l  t e r m s ,  h a s  been 
w i t h  u s  s i n c e  a t  l e a s t  t h e  t i m e  ~ f  t h e  A n c i e n t  G r e e k s .  The pace  
began t o  a c c e l e r a t e  i n  t h e  s e v e n t e e n t h  c e n t u r y ,  n o t  o n l y  i n  as -  
tronomy and p h y s i c s ,  b u t  a l s o  i n  work on what  we would now c a l l  
m e d i c a l  s t a t i s t i c s .  S i n c e  t h a t  t i m e ,  t e c h n i q u e s  and  a p p l i c a t i o n s  
have  been c o n t i n u o u s l y  advanced a n d  a r e  now advanc ing  a t  an even  
g r e a t e r  r a t e .  Although some form o f  model ing h a s  a lways  been a t  
t h e  h e a r t  o f  a l l  q u a n t i t a t i v e  s c i e n t i f i c  work, it is  o n l y  r e c e n t l y  
t h a t  t h e  word "model" h a s  been g i v e n  t h e  enormous e x p l i c i t  empha- 
s is  t h a t  it b e a r s  t o d a y .  A s  a  r e s u l t ,  "model ing" i s  now a  word 
w i t h  which t o  c o n j u r e ,  and it c o n s e q u e n t l y  r u n s  t h e  r i s k  o f  
becoming a  d e v a l u e d  c o n c e p t .  Accord ing ly ,  c e r t a i n  b a s i c  d i s -  
t i n c t i o n s  mus t  b e  made between a  number o f  l o g i c a l l y  d i f f e r e n t  
t y p e s  o f  mode ls ,  and between v a r i o u s  l e v e l s  o f  a p p l i c a t i o n s ,  i f  
we a r e  t o  have  a  s u f f i c i e n t l y  c l e a r  i d e a  o f  what  we a r e  t a l k i n g  
a b o u t ,  wha t  we i n t e n d  t o  do ,  and whether  o r  n o t  we a r e  b e i n g  
s u c c e s s f u l .  I t  i s  n o t  t h e  i n t e n t i o n  h e r e  t o  d e v e l o p  a  m i n u t e l y  
s t r u c t u r e d  and a c a d e m i c a l l y  o r i e n t e d  t y p o l o g y ,  b u t  t o  h i g h l i g h t  
t h e  main c o n c e p t s  t h a t  have i m p o r t a n t  p r a c t i c a l  consequences  f o r  
c o n c r e t e  a p p l i c a t i o n s .  The c l a s s i f i c a t i o n  h a s  been d i s c u s s e d  i n  
g r e a t e r  d e p t h  e l s e w h e r e  [ I ] ,  and  d o e s  n o t  i n  any c a s e  c l a i m  t o  
b e  un ique  [ 2 ]  . 

F i r s t ,  t h e  d i s t i n c t i o n  between d e d u c t i v e  a n d  i n d u c t i v e  
r e a s o n i n g  is an  i m p o r t a n t  o n e .  I n  a  model ing c o n t e x t ,  " d e d u c t i v e "  
work means t h a t  t h e  b a s i c  a s s u m p t i o n s  a r e  g i v e n ,  i n c l u d i n g  model 
s t r u c t u r e ,  p a r a m e t r i c  v a l u e s ,  and  u n a v o i d a b l e  c o n s t r a i n t s ;  o u r  
c o n c e r n  i s  t o  e l u c i d a t e  t h e  l o g i c a l  consequences  o f  t h e  assump- 
t i o n s ,  i n  o r d e r  t o  e x h i b i t  t h e  d e t a i l e d  b e h a v i o r  o f  t h e  sys tem 



t h a t  h a s  been modeled. Such an approach  i s  i n v a l u a b l e  i n  p u r e l y  
t h e o r e t i c a l  work to c l a r i f y  a s s u m p t i o n s ,  r e s o l v e  c o n f l i c t i n g  i d e a s ,  
c a l c u l a t e  q u a l i t a t i v e  i m p l i c a t i o n s ,  examine s e n s i t i v i t y  o f  r e s u l t s  
t o  p o s s i b l e  changes i n  assumpt ions ,  e t c .  A s i m i l a r  s i t u a t i o n  may 
a l s o  a r i s e  when a d m i n i s t r a t i v e  a c t i o n  is  r e q u i r e d :  t h e r e  is  no 
t i m e  f o r  f u r t h e r  r e s e a r c h ,  b u t  a t  l e a s t  a ssumpt ions  c a n  be t e s t e d  
f o r  i n c o m p a t i b i l i t y  and t h e  p r a c t i c a l  consequences  worked o u t  f o r  
any proposed c h o i c e  o f  s t r a t e g y ,  p r o v i d e d  t h a t  c e r t a i n  b a s i c  prem- 
ises a r e  a c c e p t e d .  T h i s  may e a s i l y  a r i s e  when a  commit tee  h a s  t o  
rev iew t h e  s t a t u s  quo and make t h e  b e s t  recommendations it can  
w i t h i n  a  l i m i t e d  p e r i o d  o f  t i m e .  

I n  s c i e n t i f i c  work, on t h e  o t h e r  hand, t h e r e  is  a  much 
s t r o n g e r  emphasis  on " i n d u c t i v e "  work, where we s t a r t  from em- 
p i r i c a l  d a t a  and t h e n  look  f o r  e x p l a n a t i o n s  o r  models t h a t  some- 
how " f i t "  t h e  d a t a .  N a t u r a l l y ,  a  good d e a l  o f  d e d u c t i v e  r e a s o n i n g  
i s  a l s o  e n t a i l e d ,  b u t  t h e  p r o c e s s  a s  a  whole h a s  a  p r i m a r i l y  
i n d u c t i v e  f l a v o r  . 

Another  dimension o f  p r a c t i c a l  r e l e v a n c e  i s  t h e  h i e r a r c h i c a l  
l e v e l  t o  which model ing i s  a p p l i e d .  Thus t h e r e  i s  what  we migh t  
c a l l  t h e  t e c h n i c a l  l e v e l ,  which c o v e r s  t h e  t r a d i t i o n a l  s c i e n t i f i c  
f i e l d s  o f  endeavor  ( e . g . ,  m o l e c u l a r  b i o l o g y ,  immunology, b io -  
c h e m i s t r y ,  p h y s i o l o g y )  where t h e  emphasis  i s  on a s p e c t s  o f  t h e  
i n d i v i d u a l  o rgan ism,  a s  w e l l  a s  on p o p u l a t i o n  phenomena i n  demog- 
raphy ,  e v o l u t i o n ,  e c o l o g y ,  ep idemio logy ,  e t c .  The l e i t m o t i v  h e r e  
is  s c i e n t i f i c  u n d e r s t a n d i n g ,  f i r s t  f o r  i t s  own s a k e  and ,  second ,  
a s  an  a i d  t o  t h e  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 .  

The o p e r a t i o n a l  l e v e l  d e a l s  w i t h  o p e r a t i o n s  r e s e a r c h  and 
s y s t e m s  a n a l y s i s ,  s e e n  a s  methodolog ies  f o r  h a n d l i n g  t h e  admin- 
i s t r a t i v e  and e x e c u t i v e  problems a r i s i n g  i n  t h e  manmade s y s t e m s  
r e f e r r e d  t o  i n  t h e  I n t r o d u c t i o n .  Much o f  t h i s  d e a l s  w i t h  o r g a n i -  
z a t i o n ,  management, dec i s ionmaking ,  and t h e  l i k e .  I n  t h e  h e a l t h  
f i e l d ,  t h e r e  may be a n y t h i n g  from a  s m a l l - s c a l e  o p e r a t i o n a l  s t u d y  
on t h e  d e s i g n  o f  an  o p e r a t i n g  t h e a t e r  t o  a  l a r g e - s c a l e  i n v e s t i g a -  
t i o n  o f  a  c o u n t r y ' s  h e a l t h  c a r e  d e l i v e r y  sys tem.  The need f o r  a  
s c i e n t i f i c  approach  i s  no d i f f e r e n t  from a p p l i c a t i o n s  t o  t h e  
t e c h n i c a l  l e v e l ,  b u t  t h e  e x i s t e n c e  o f  s p e c i a l  f a c t o r s  such  a s  
economics ,  c o s t - b e n e f i t  a n a l y s i s ,  r e s o u r c e  a l l o c a t i o n ,  d e c i s i o n -  
making, and t h e  e x i s t e n c e  o f  p s y c h o l o g i c a l  and mora l  and s o c i a l  
c o n s t r a i n t s  e n t a i l s  a  s u b s t a n t i a l l y  d i f f e r e n t  f i e l d .  

Sometimes an  i n f o r m a t i o n  l e v e l  c a n  be d i s t i n g u i s h e d  which 
d e a l s  w i t h  t h e  f low and communication o f  i n f o r m a t i o n  needed f o r  
d e c i s i o n m a k i n g .  Th is  i s  o f t e n  r e g a r d e d  a s  a  p a r t  o f  o p e r a t i o n s  
r e s e a r c h ,  where t h e  c o n s t r u c t i o n  o f  a  p r e l i m i n a r y  f low c h a r t  
l i n k i n g  t h e  components o f  t h e  s y s t e m  t o  be s t u d i e d  i s  c a l l e d  a  
"communication model" and i s  s e e n  a s  a  p r e l u d e  t o  t h e  development  
o f  a  f u l l  s y s t e m  dynamics model.  On t h e  o t h e r  hand, t h e  e l a b o r a -  
t i o n  o f  a  s p e c i a l i z e d  m a n a g e r i a l  i n s t r u m e n t  t o  e n s u r e  t h a t  admin- 
i s t r a t i v e  a u t h o r i t i e s  have t h e  r i g h t  i n f o r m a t i o n ,  i n  t h e  r i g h t  
p l a c e ,  a t  t h e  r i g h t  t ime  i m p l i e s  a  fundamenta l  d i s t i n c t i o n  between 
such  an  i n f o r m a t i o n  s y s t e m  ( w i t h  i t s  i m p l i c i t  i n f o r m a t i o n  model) 



and an  o p e r a t i o n s  r e s e a r c h  model p o r t r a y i n g  t h e  dynamic complex 
o f  i n t e r a c t i o n s  between n a t u r a l  phenomena and human dec i s ionmaking .  

F i n a l l y ,  it i s  c o n v e n i e n t  t o  i d e n t i f y  a  t o p  p o l i c y  l e v e l  
where a d m i n i s t r a t o r s  a r e  d e a l i n g  w i t h  t h e  b road  s t r a t e g i c  prob-  
l e m s  o f  p u b l i c  h e a l t h ,  i n c l u d i n g  s u c h  m a t t e r s  a s  medium-term and 
long- range  p l a n n i n g ,  and c o v e r i n g  l a r g e  r e g i o n a l ,  n a t i o n a l ,  o r  
even  i n t e r n a t i o n a l  g e o g r a p h i c a l  a r e a s .  A c t i v i t y  on t h i s  l e v e l  
c a n  a f f e c t  t h e  w e l l - b e i n g  o f  l i t e r a l l y  m i l l i o n s  o f  p e o p l e .  I t  
i s ,  moreover ,  e s p e c i a l l y  s u s c e p t i b l e  t o  l a c k  o f  i n f o r m a t i o n ,  sub- 
j e c t i v e  i m p r e s s i o n s ,  and t h e  making o f  d e c i s i o n s  a t  s h o r t  n o t i c e  
u n d e r  i n t e n s e  p s y c h o l o g i c a l  and p o l i t i c a l  p r e s s u r e .  L e i s u r e l y  
s c i e n t i f i c  a n a l y s i s  i s  r a r e l y  p o s s i b l e ,  and may i n  t h e  n a t u r e  
o f  t h i n g s  c o n t i n u e  t o  b e  e x t r e m e l y  d i f f i c u l t .  N e v e r t h e l e s s ,  t h e  
development  o f  more q u a n t i t a t i v e  work i s  u r g e n t l y  needed t o  e n a b l e  
r e l e v a n t  d a t a  t o  b e  r e a d i l y  a s s i m i l a t e d  and t h e  p r o b a b l e  conse-  
q u e n c e s  o f  d i f f e r e n t  s t r a t e g y  c h o i c e s  t o  b e  r a p i d l y  e v a l u a t e d .  

Al though a t  p r e s e n t  most p o l i c y  a n a l y s i s  i n v o l v e s  l i t t l e  
more t h a n  an  a n a l y s i s  o f  c o n s t r a i n t s ,  Majone ' s  [ 3 ]  remark,  
" P o l i c i e s  a r e ,  i n  f a c t ,  t e n t a t i v e  t h e o r i e s " ,  p r o v i d e s  a  s t a r t i n g  
p o i n t  f o r  a  g e n u i n e l y  s c i e n t i f i c  approach .  I t  s h o u l d ,  t h e r e f o r e ,  
b e  p o s s i b l e  t o  d e v e l o p  p o l i c y  models t h a t ,  h a v i n g  due  r e g a r d  f o r  
t h e  s p e c i a l  d i f f i c u l t i e s  and c o n s t r a i n t s  a r i s i n g  i n  po l icymaking ,  
would b e  a b l e  t o  make p r a c t i c a l  c o n t r i b u t i o n s .  

C e r t a i n  o t h e r  a s p e c t s  o f  model c l a s s i f i c a t i o n  migh t  be 
ment ioned b r i e f l y ,  such  a s  t h e  d i s t i n c t i o n  between models t h a t  
e s s e n t i a l l y  d e s c r i b e  o n l y  t h e  s u r f a c e  phenomena o f  a  b l a c k  box 
s y s t e m  i n  a  s t a t i s t i c a l  way and t h o s e  t h a t  a r e  c a p a b l e  o f  de- 
p i c t i n g  e x p l i c i t l y  t h e  u n d e r l y i n g  mechanisms. I n  t h e  more 
p h i l o s o p h i c a l  l i t e r a t u r e  [ 4 ] ,  t h i s  i s  t h e  d i s t i n c t i o n  made 
between " p o s i t i v i s m "  ( o r  " f u n c t i o n a l i s m " )  and " s t r u c t u r a l i s m " .  
Another  f e a t u r e  o f t e n  s t r e s s e d  i s  t h e  d i f f e r e n c e  between " d e t e r -  
m i n i s t i c "  and " s t o c h a s t i c "  models .  V i t a l l y  i m p o r t a n t  though t h i s  
may b e ,  i t  i s  v e r y  much a  m a t t e r  o f  d e t a i l ,  depending  on whether  
p r o b a b i l i t y  e l e m e n t s  a r e  l i k e l y  t o  b e  o f  p r a c t i c a l  impor tance  o r  
n o t ,  g i v e n  t h e  d e g r e e  o f  a p p r o x i m a t i o n  we a r e  working w i t h .  

TYPES OF VALIDATION 

P r o p e r  u s e  o f  t h e  s c i e n t i f i c  method r e q u i r e s  t h a t  s p e c u l a -  
t i o n s  s u g g e s t e d  by e x p e r i e n c e  b e  c l e a r l y  f o r m u l a t e d  i n  t e r m s  o f  
s p e c i f i c  h y p o t h e s e s ,  and t h a t  t h e s e  h y p o t h e s e s  be c a r e f u l l y  t e s t e d  
and v a l i d a t e d  by a  f u r t h e r  a p p e a l  t o  e m p i r i c a l  o b s e r v a t i o n .  There  
i s  no r e a s o n  why h e a l t h  c a r e  sys tems  mode l ing  s h o u l d  b e  e x c l u d e d  
from t h i s  p r o c e s s ,  b u t  b e f o r e  examining t h e  i m p l i c a t i o n s  f o r  
p u b l i c  h e a l t h  a p p l i c a t i o n s ,  l e t  u s  f i r s t  d i s t i n g u i s h  between 
d i f f e r e n t  k i n d s  o f  v a l i d a t i o n  i n  a  s i m p l e  way. 



C l a r i f i c a t i o n  of Concepts and Thought 

F i r s t ,  t h e r e  i s  t h e  somewhat s u b j e c t i v e  c r i t e r i o n  o f  t h e  
u s e f u l n e s s  o f  any i n t e l l e c t u a l  a c t i v i t y  and,  o f  cou r se ,  o f  
modeling i n  p a r t i c u l a r  w i t h  r ega rd  t o  t h e  c l a r i f i c a t i o n  o f  i d e a s  
and cbncep t s ,  t h e  search  f o r  i n s i g h t ,  t h e  fo rmula t ion  o f  new and 
f r u i t f u l  approaches ,  and s o  on. Many people  working on h e a l t h  
c a r e  modeling would c l a im  t h a t  t h i s  c r i t e r i o n  i s  f r e q u e n t l y  
s a t i s f i e d ,  w h i l e  o t h e r s  t h i n k  it i s  an expens ive ,  u s e l e s s  was te  
o f  t ime,  b u t  we a r e  concerned wi th  p o s i t i v e  o p p o r t u n i t i e s  f o r  
making p r o g r e s s .  I n  any c a s e ,  t h e r e  i s  no d i s p u t i n g  t h a t  modeling 
has  been e x t r a o r d i n a r i l y  s u c c e s s f u l  i n  many branches  o f  phys i c s ,  
chemis t ry ,  and b io logy .  The problem h e r e  i s ,  what can it r e a l l y  
do i n  p u b l i c  h e a l t h ?  

Logica l  Soundness and Coherence 

Once concepts  and g e n e r a l  i d e a s  have been s u f f i c i e n t l y  
c l a r i f i e d ,  it i s  p o s s i b l e  t o  under take  much more s p e c i f i c  
t h e o r e t i c a l  i n v e s t i g a t i o n s .  Mechanisms and p r o c e s s e s  must be 
desc r ibed  and modeled i n  terms t h a t  a r e  n o t  t o o  u n r e a l i s t i c ,  
b u t  y e t  a r e  s imple  enough t o  y i e l d  t o  l o g i c a l  and mathematical  
a n a l y s i s .  Th i s  a l r e a d y  c o n s t i t u t e s  a  f u r t h e r  degree  o f  va l ida -  
t i o n :  models may be r e j e c t e d  because  t hey  a r e  h o p e l e s s l y  over-  
s i m p l i f i e d  o r  because they  seem t o o  complex t o  y i e l d  t h e o r e t i c a l  
i n s i g h t  a t  t h e  p r e s e n t  s t a g e .  

The p r o p e r t i e s  of t h e  models must be deduced from t h e  b a s i c  
s p e c i f i c a t i o n s .  I n  many c a s e s ,  t h i s  means i n v e s t i g a t i n g  broad 
q u a l i t a t i v e  behav io r  and comparing t h i s  w i th  what can  be regarded  
a s  known. A model would be f a u l t e d  i f  it impl ied  o s c i l l a t o r y  
behav io r  o r  t h e  e x i s t e n c e  o f  a  t h r e s h o l d  where none occu r r ed  i n  
p r a c t i c e .  S i m i l a r l y ,  i f  we a r e  l ook ing  f o r  s t e a d y  s t a t e s ,  we 
need t o  know how many e q u i l i b r i a  t h e  model e n t a i l s  and whether  
t hey  a r e  s t a b l e .  Some models a r e  mathemat ica l ly  i n t r a c t a b l e  a s  
t hey  s t a n d ,  b u t  w i l l  y i e l d  t o  a n a l y s i s  i n  terms o f  known f u n c t i o n s  
i f  minor changes a r e  made i n  t h e  b a s i c  fo rmula t ion .  Again, i f  a  
computerized s o l u t i o n  of  t h e  unde r ly ing  e q u a t i o n s  o r  computerized 
s i m u l a t i o n  s t u d i e s  a r e  envisaged ,  we want t o  know t h e  mathematical  
r e l i a b i l i t y  o f  t h e  procedures .  Spur ious  r e s u l t s  can e a s i l y  be 
i n t roduced  through f a i l u r e  t o  pay p rope r  a t t e n t i o n  t o  t h e  r equ i r e -  
ments f o r  v a l i d  numerical  a n a l y s i s .  

Aspects  such a s  t h e s e  must be p rope r ly  i n v e s t i g a t e d  i f  sound, 
i n t e r n a l l y  cohe ren t  models a r e  t o  be developed having a  we l l -  
unders tood  s t r u c t u r e  t h a t  can be used  a s  a  b a s i s  f o r  p r a c t i c a l  
a p p l i c a t i o n s .  

S t a t i s t i c a l  F i t t i n g  

Broad p re l imina ry  d i s c u s s i o n  and some t h e o r e t i c a l  i n v e s t i -  
g a t i o n  should  h o p e f u l l y  l e a d  t o  s p e c i f i c  models and hypotheses  



t h a t  c a n  i n  some s e n s e  be t e s t e d  a g a i n s t  e m p i r i c a l  o b s e r v a t i o n .  
T h i s  h a s  been r o u t i n e  f o r  c e n t u r i e s  i n  such  e x a c t  s c i e n c e s  a s  
as t ronomy and p h y s i c s .  Small  d i s c r e p a n c i e s  between t h e o r y  and 
o b s e r v a t i o n  can  o f t e n  be a t t r i b u t e d  t o  " e r r o r s  o f  o b s e r v a t i o n " ,  
and e l i m i n a t e d  s i m p l y .  During t h i s  c e n t u r y ,  a p p l i c a t i o n s  have 
been made i n c r e a s i n g l y  t o  b i o l o g y  and medic ine .  I n  t h e s e  a r e a s ,  
t h e r e  i s  a p t  t o  b e  a  l a r g e  d e g r e e  o f  n a t u r a l  v a r i a b i l i t y  t h a t  
c a n n o t  b e  h a n d l e d  by a  s i m p l e  " t h e o r y  o f  e r r o r s " .  S p e c i a l  s t a -  
t i s t i c a l  t e c h n i q u e s  have had  t o  be d e v e l o p e d  i n v o l v i n g  t h e  c e n t r a l  
c o n c e p t s  o f  p a r a m e t e r  e s t i m a t i o n  and s i g n i f i c a n c e  t e s t i n g .  F i r s t  
deve loped  i n  t h e  c o n t e x t s  o f  a g r i c u l t u r e  and e x p e r i m e n t a l  g e n e t i c s ,  
t h e  p r i n c i p l e s  o f  e x p e r i m e n t a l  d e s i g n  and h y p o t h e s i s  t e s t i n g  a r e  
a l m o s t  u n i v e r s a l l y  a p p l i c a b l e ,  b u t  m o d i f i e d  a c c o r d i n g  t o  c i rcum- 
s t a n c e s .  

E s s e n t i a l l y ,  a  h y p o t h e s i s  i s  t e s t e d  by f i r s t  e s t i m a t i n g  
unknown p a r a m e t e r s  i n  t h e  model,  u s i n g  s t a t i s t i c a l l y  e f f i c i e n t  
methods.  Then, i f  t h e r e  i s  s u f f i c i e n t  r e s i d u a l  v a r i a t i o n ,  w e  
c a n  t e s t  w h e t h e r  any d i s c r e p a n c y  between t h e o r y  and o b s e r v a t i o n  
i s  l a r g e r  t h a n  cou ld  r e a s o n a b l y  o c c u r  by chance ,  assuming t h e  
h y p o t h e s i s  t o  b e  t r u e .  I f ,  on a p p r o p r i a t e  c r i t e r i a ,  t h e  d i s -  
c r e p a n c y  i s  t o o  l a r g e  t o  be a c c e p t a b l e ,  w e  have  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 "  r e s u l t  and t h e  " g o o d n e s s - o f - f i t "  tes t  h a s  f a i l e d .  
The h y p o t h e s i s  must t h e n  be r e j e c t e d ,  o r  a t  l e a s t  m o d i f i e d  and 
r e t e s t e d .  Models themse lves  c a n  b e  t e s t e d  i n  t h i s  way by formu- 
l a t i n g  h y p o t h e s e s  s o  a s  t o  i n c l u d e  some o r  a l l  o f  t h e  e s s e n t i a l  
f e a t u r e s  o f  t h e  model. 

I f  t h e  r e s u l t  o f  such  a  t e s t  i s  " s t a t i s t i c a l l y  n o n s i g n i f i c a n t " ,  
t h e n  t h e  h y p o t h e s i s  o f  model c o n t i n u e s ,  a t  l e a s t  f o r  t h e  t i m e  
b e i n g ,  t o  b e  c r e d i b l e .  Of c o u r s e ,  i f  t h e  d a t a  a r e  n o t  s u f f i c i e n t ,  
i t  may n o t  b e  p o s s i b l e  t o  f a u l t  wrong h y p o t h e s e s  o r  i n a c c u r a t e  
models .  But w i t h  s u f f i c i e n t  d a t a  an e f f e c t i v e  d e g r e e  o f  d i s c r i m -  
i n a t i o n  c a n  b e  a c h i e v e d .  I n  p a r t i c u l a r ,  it i s  always e n c o u r a g i n g  
i f  t h e r e  a r e  s e v e r a l  models a v a i l a b l e  and a l l  b u t  one  a r e  r e j e c t e d  
by an  a p p r o p r i a t e  s i g n i f i c a n c e  tes t .  

Where models a r e  s i m p l e  and c o n t a i n  o n l y  a  few p a r a m e t e r s ,  
t h e  f o r e g o i n g  p r o c e d u r e  s h o u l d  c e r t a i n l y  be f o l l o w e d .  But  where 
models a r e  v e r y  complex, a s  many sys tems  models a r e ,  it may b e  
i m p r a c t i c a b l e  t o  t e s t  t h e  model a s  a  whole .  Such models a r e  
much more l i k e  b o d i e s  o f  s c i e n t i f i c  knowledge c o n s t i t u t i n g  a  
t h e o r y  t h a t  h a s  been b u i l t  up g r a d u a l l y ,  and  t h u s  such  models 
must b e  t e s t e d  p iecemeal .  I n d i v i d u a l  components o f  t h e  s y s t e m  
s h o u l d  be s u b j e c t e d  t o  p r o p e r  s t a t i s t i c a l  t e s t s ,  and t h e  v a l i d i t y  
o f  t h e  s y s t e m  a s  a whole c a n  be checked from t i m e  t o  t ime  by i t s  
p r e d i c t i v e  power under  c e r t a i n  c r u c i a l  c i r c u m s t a n c e s .  

P r e d i c t i v e  Power 

When models p a s s  t h e  a p p r o p r i a t e  s t a t i s t i c a l  g o o d n e s s - o f - f i t  
c r i t e r i a ,  b a s e d  on a d e q u a t e  d a t a ,  we b e g i n  t o  have more c o n f i d e n c e  
i n  them, e s p e c i a l l y  when r i v a l  e x p l a n a t i o n s  have been r e j e c t e d  by 



t h e  same procedures.  However, i n  any t r u e  s c i e n t i f i c  approach 
more r e t r o s p e c t i v e  exp lana t ion  i s  n o t  enough. R e p e a t a b i l i t y  o f  
exper iments  o r  obse rva t ions  is  e s s e n t i a l ,  t h e  form o f  which de- 
pends on c i rcumstances .  I t  could  be t h a t  t h e  c o n s t r a i n t s  and 
c o n d i t i o n s  t h a t  he ld  f o r  p a s t  exper iments  o r  o b s e r v a t i o n s  a r e  
n o t  e x a c t l y  r ep roduc ib l e ,  which i s  l i k e l y  t o  be t h e  c a s e  w i th  
l a r g e  complex systems. However, t h e  e s sence  o f  t h e  requi rement  
can  be met i f  a p p r o p r i a t e  p r e d i c t i o n s  can  be made a s  t o  what 
w i l l  be  observed under s p e c i f i e d  c o n d i t i o n s .  " R e p e a t a b i l i t y "  
t h e n  means t h e  c a p a c i t y  t o  make v e r i f i a b l e  p r e d i c t i o n s  i n  t h i s  
s ense .  

I n  c e r t a i n  h igh ly  s t r u c t u r e d  exper imenta l  de s igns  o f  t h e  
c l a s s i c a l  t ype ,  e . g . ,  m u l t i p l e  r e g r e s s i o n  o r  f a c t o r i a l  expe r i -  
menta t ion ,  it is  p o s s i b l e  t o  s e t  s t a t i s t i c a l  con f idence  l i m i t s  
f o r  t h e  range  o f  new o b s e r v a t i o n s  r e l e v a n t  t o  a  s p e c i f i c  com- 
b i n a t i o n  o f  independent  v a r i a b l e s  o r  c o n t r i b u t o r y  f a c t o r s  t h a t  
have n o t  p rev ious ly  occurred .  I f  t h e  o b s e r v a t i o n s  do n o t  f a l l  
w i t h i n  t h e  a p p r o p r i a t e  conf idence  l i m i t s ,  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  f a i l u r e  o f  t h e  p r e d i c t i o n  i s  e s t a b l i s h e d .  This  p r i n -  
c i p l e  can  be  widely a p p l i e d  t o  t h e  t e s t i n g  o f  a l l  k inds  of  
complex models,  though p r a c t i c a l  examples a r e  d i f f i c u l t  t o  f i n d .  

I t  i s  of  p a r t i c u l a r  importance i n  t h e  u se  o f  system dynamics 
models,  such a s  t hose  developed and advocated by F o r r e s t e r  [ 5 , 6 , 7 ]  
and f u r t h e r  e l a b o r a t e d  on a  world l e v e l  by Meadows, e t  a l .  [ a ]  and 
by Mesarovic and P e s t e l  [ 9 ] .  Unfo r tuna t e ly ,  much o f  t h i s  work, 
wh i l e  f u l f i l l i n g  many o f  t h e  p re l imina ry  requi rements  f o r  c l a r i -  
f y i n g  concep t s  and thought ,  has  n o t  been s u b j e c t e d  t o  f u l l  l o g i c a l  
a n a l y s i s  and v a l i d a t i o n ,  nor  has  p rope r  s t a t i s t i c a l  f i t t i n g  t o  
e m p i r i c a l  d a t a  been c a r r i e d  o u t .  Moreover, t h e  p r e d i c t i v e  poten- 
t i a l  o f  modeling h a s  been promoted a s  a  s e r i o u s  guide  t o  c u r r e n t  
p o l i c y  b e f o r e  any v a l i d a t i o n  based on v e r i f i a b l e  p r e d i c t i o n s  has  
been e s t a b l i s h e d .  I t  is  n o t  s u r p r i s i n g  t h a t  damaging c r i t i c i s m s  
t o  t h i s  whole approach have been widespread.  Neve r the l e s s ,  t h e  
p r e s e n t  sequence o f  r a t i o n a l  s t e p s  cou ld  be fol lowed t o  b u i l d  up 
a  r e l i a b l e  and c r e d i b l e  body o f  knowledge. 

Consumer S a t i s f a c t i o n  - 

I f  t h e  preceding  scheme were fo l lowed,  we should  be g r a d u a l l y  
amassing a  l e g i t i m a t e  i n s t rumen t  f o r  p r a c t i c a l  a c t i o n .  However, 
a  f i n a l  phase must n o t  be f o r g o t t e n .  No m a t t e r  how i n t r i n s i c a l l y  
good o u r  modeling i s ,  it w i l l  n o t  be p r a c t i c a l l y  a p p l i e d  u n l e s s  
it can  be unders tood ,  a t  l e a s t  g e n e r a l l y ,  by t h o s e  dec is ionmakers  
whose work it might f a c i l i t a t e .  Like t h e  c l a r i f i c a t i o n  of  con- 
c e p t s  and thought ,  t h i s  c r i t e r i o n  i s  a l s o  somewhat s u b j e c t i v e  i n  
c h a r a c t e r ;  n e v e r t h e l e s s ,  it must be taken  s e r i o u s l y .  For i f  t h e  
u l t i m a t e  consumers o f  modeling, i - e . ,  h e r e  p u b l i c  h e a l t h  dec i s ion -  
makers, a r e  n o t  s u f f i c i e n t l y  convinced o f  t h e  u s e f u l n e s s  o f  t h e  
approach,  t hey  w i l l  s imply igno re  it. 

More thought  should probably be g iven  t o  t h i s  a s p e c t .  Ob- 
v i o u s l y ,  one canno t  c a r r y  o u t  a  s o p h i s t i c a t e d  s t a t i s t i c a l  t r i a l  



o f  "dec i s ionmaking  w i t h  model ing" v e r s u s  "dec i s ionmaking  w i t h o u t  
mode l ing" .  B u t  it s h o u l d  b e  p o s s i b l e  t o  e v a l u a t e  i n  a  g e n e r a l  
way t h e  consequences  o f  u s i n g  models  t h a t  have  e x p l i c i t l y  gone 
t h r o u g h  t h e  f i v e  s t a g e s  r e f e r r e d  t o  it, a s  compared w i t h  s i t u a -  
t i o n s  i n  which such  a n  approach  h a s  n o t  been used .  

G e n e r a l l y  s p e a k i n g ,  t h i s  p a p e r  p u t s  no s p e c i a l  emphasis  on 
t h e  u s e  o f  compute rs  a s  such s i n c e  we a r e  more concerned  w i t h  t h e  
m e t h o d o l o g i c a l  problem o f  how t o  v a l i d a t e  t h e  model ing p r o c e s s .  
N e v e r t h e l e s s ,  complex models a r e  a p t  t o  r e q u i r e  a  computer ,  e i t h e r  
t o  s o l v e  n u m e r i c a l l y  c o m p l i c a t e d  sets o f  e q u a t i o n s  o r  t o  c a r r y  o u t  
compute r ized  s i m u l a t i o n s .  However, t h e  e a s e  w i t h  which a  computer 
c a n  b e  a p p l i e d  t o  immensely complex sys tems  and t o  a b i l i t y  t o  d i s -  
g o r g e  v a s t  p r i n t o u t s  o f t e n  o b s c u r e s  t h e  f a c t  t h a t  t h e  u n d e r l y i n g  
models  have  n o t  been p r o p e r l y  examined and v e r i f i e d .  A s  a  r e s u l t ,  
t h o s e  u s i n g  t h e  p r i n t o u t s  migh t  w e l l  n o t  b e l i e v e  them i f  t h e y  were 
more aware o f  what  l a y  beh ind  t h e  s c e n e s .  F o r  a  d i s c u s s i o n  o f  
v e r i f i c a t i o n  i n  t h e  c o n t e x t  o f  computer  s i m u l a t i o n  model ing,  see 
Naylor  and F i n g e r  [ 1 0 ] ,  t o g e t h e r  w i t h  s u b s e q u e n t  c r i t i q u e s  i n  t h e  
same j o u r n a l .  Al though p r i m a r i l y  r e l a t e d  t o  i n d u s t r i a l  and econo- 
metric a p p l i c a t i o n s ,  t h i s  p a p e r  a l s o  h a s  wider  i m p l i c a t i o n s  f o r  
o t h e r  f i e l d s .  

PUBLIC HEALTH APPLICATIONS 

I n  t h e  a r e a  o f  p u b l i c  h e a l t h ,  t h e r e  h a s  been a  g r e a t  d e a l  
o f  s u c c e s s f u l  model ing on what  we have  c a l l e d  t h e  t e c h n i c a l  l e v e l ,  
whe ther  t h i s  be  i n  p h y s i o l o g y ,  pharmacology, c l i n i c a l  s c i e n c e ,  
c o n t r o l l e d  c l i n i c a l  t r i a l s ,  e p i d e m i o l o g i c a l  s u r v e y s ,  and s o  f o r t h .  
And on t h e  o p e r a t i o n a l  l e v e l ,  s m a l l - s c a l e  o p e r a t i o n s  r e s e a r c h  
a p p r o a c h e s  t o  such  s u b j e c t s  a s  h o s p i t a l  ward d e s i g n ,  o u t - p a t i e n t  
a p p o i n t m e n t  sys tems ,  mass h e a l t h  s c r e e n i n g ,  c o s t - b e n e f i t  a n a l y s e s  
o f  e x p e n s i v e  and s p e c i a l i z e d  equipment  have a l s o  been v e r y  e f f e c -  
t i v e .  I n  b o t h  g r o u p s  o f  a p p l i c a t i o n s ,  it would n o t  be  d i f f i c u l t  
t o  show t h a t  t h e  v a l i d a t i o n  c r i t e r i a  i n  t h e  p r e v i o u s  s e c t i o n  c a n  
b e  l a r g e l y  s a t i s f i e d .  

I t  i s  o n l y  when we come t o  t h e  l a r g e r  s y s t e m s ,  p a r t i c u l a r l y  
t h o s e  concerned  w i t h  complex h e a l t h  s e r v i c e s ,  t h a t  m a j o r  d i f f i -  
c u l t i e s  b e g i n  t o  a r i s e .  Recent  r e v i e w s  o f  c u r r e n t  developments  
i n  t h e  h e a l t h  p l a n n i n g  f i e l d  [ I  1 ,121 i l l u s t r a t e  t h e  wide r a n g e  
of  s y s t e m s  a p p l i c a t i o n s  a v a i l a b l e ,  t o g e t h e r  w i t h  t h e  e l a b o r a t e  
model ing t e c h n i q u e s  t h a t  s e e m  t o  b e  f r e q u e n t l y  r e q u i r e d .  While 
much s t i m u l a t i n g  work h a s  been done t o  c l a r i f y  t h o u g h t  and t o  
s u g g e s t  e x c i t i n g  new l i n e s  o f  a p p l i e d  r e s e a r c h ,  much remains  
t o  b e  done,  b o t h  t o  v a l i d a t e  t h e  model ing w i t h  r e g a r d  t o  t h e  
p r e v i o u s l y  ment ioned c r i t e r i a  o f  l o g i c ,  s t a t i s t i c s ,  and p r e d i c -  
t i o n ,  and t o  p r o v i d e  comprehens ib le  and u s a b l e  a d m i n i s t r a t i v e  
i n s t r u m e n t s  t h a t  w i l l  s a t i s f y  p u b l i c  h e a l t h  dec i s ionmaking  con- 
sumers .  



Many a t t e m p t s  t o  a p p l y  l a r g e - s c a l e  sys tems  a p p r o a c h e s  t o  
h e a l t h  p l a n n i n g  and h e a l t h  c a r e  d e l i v e r y  sys tems  have been re- 
j e c t e d  (see, f o r  example,  Hoos [ 1 3 ] ) .  S e v e r a l  p r o p o s a l s  have  
foundered  on t h e  m o d e l e r s '  i n a b i l i t y  t o  answer  t h e  s i m p l e  ques-  
t i o n s :  Why s h o u l d  I b e l i e v e  i n  your  p a r t i c u l a r  model?,  Does it 
work i n  p r a c t i c e ? ,  and W i l l  i t  b e  c o s t - e f f e c t i v e ?  I am s u g g e s t i n g  
t h a t  t e n t a t i v e  models  must  f i r s t  a c h i e v e  a  s u f f i c i e n t  d e g r e e  o f  
v a l i d i t y  i n  a c c e p t a b l e  s c i e n t i f i c  and s t a t i s t i c a l  t e r m s .  Then 
t h e y  c a n  b e  examined f u r t h e r  f o r  p o s s i b l e  c o s t - e f f e c t i v e  a p p l i c a -  
t i o n s .  B u t  i f  an  enormously c o m p l i c a t e d  e o c n o m e t r i c  t y p e  o f  model,  
i n c o r p o r a t i n g  v a s t  numbers o f  m a t h e m a t i c a l  e q u a t i o n s ,  i s  propounded 
t o  p o r t r a y  a  h e a l t h  c a r e  sys tem i n  which t h e r e  a r e  hundreds  o f  
compartments ,  t h o u s a n d s  o f  i n t e r a c t i o n s ,  and c o u n t l e s s  p a r a m e t e r s  
t o  be e s t i m a t e d ,  t h e n  t h e  a b s e n c e ,  even t h e  i m p o s s i b i l i t y ,  o f  a  
s u b s t a n t i a l  amount o f  v a l i d a t i o n  a s  i n d i c a t e d  i n  t h e  p r e v i o u s  
s e c t i o n  i s  a l m o s t  c e r t a i n  t o  l e a d  t o  f a i l u r e ,  s o o n e r  r a t h e r  t h a n  
l a t e r .  

The o n l y  f e a s i b l e  way t o  p r o c e e d  i s  t o  r e g a r d  t h e  c o n s t r u c -  
t i o n  o f  a  l a r g e - s c a l e  comprehensive sys tem a s  someth ing  t h a t  must  
be  done g r a d u a l l y  and i n  s t a g e s ,  l i k e  t h e  p u t t i n g  t o g e t h e r  o f  a  
whole  body o f  s c i e n t i f i c  knowledge c o n s t i t u t i n g  a  g e n e r a l  t h e o r y .  
I t  s h o u l d  be p o s s i b l e  t o  check o u t  i n d i v i d u a l  components o f  t h e  
s y s t e m  i n  some d e t a i l ,  e . g . ,  q u a n t i t a t i v e  t e c h n i c a l  models o f  
d i s e a s e  i n c i d e n c y  and s p r e a d ,  demographic c h a n g e s ,  h e a l t h  man- 
power,  and d r u g  s u p p l i e s .  R e t r o s p e c t i v e  s t a t i s t i c a l  v a l i d a t i o n  
on p a s t  d a t a ,  a s  w e l l  a s  p r o p s e c t i v e  p r e d i c t i v e  v a l i d a t i o n  on 
new d a t a ,  a r e  r e q u i r e d .  A s  t h e  comprehensive model i s  p u t  t o -  
g e t h e r ,  p r o p e r  a t t e n t i o n  must be  p a i d  n o t  o n l y  t o  t h e  i n t e r f a c i n g  
o f  t h e  v a r i o u s  submodels ,  b u t  a l s o  t o  t h e  i n e v i t a b l e  c o n s t r a i n t s  
imposed by economics ,  s o c i a l  b e h a v i o r ,  p o l i t i c a l  n e c e s s i t y ,  and 
s o  on.  The o v e r a l l  sys tems  model must  t h e n  b e  v a l i d a t e d .  While  
o v e r a l l  r e p l i c a t i o n  f o r  p u r e l y  s t a t i s t i c a l  t e s t i n g  may be impos- 
s i b l e ,  t h e r e  w i l l  b e  many o p p o r t u n i t i e s  f o r  v a l i d a t i o n  w i t h  
r e s p e c t  t o  c l a r i f i c a t i o n  o f  t h o u g h t ,  l o g i c a l  c o h e r e n c e ,  p a r t i a l  
s t a t i s t i c a l  f i t t i n g ,  p r e d i c t i o n  i n  s p e c i a l  c i r c u m s t a n c e s ,  and 
p r a c t i c a l  a s s i s t a n c e  t o  d e c i s i o n m a k i n g  and p o l i c y  p l a n n i n g .  

The ment ion  o f  economic, s o c i a l ,  and p o l i t i c a l  c o n s t r a i n t s  
above  a l s o  i m p l i e s  t h a t  t h e  c o n s i d e r a t i o n  o f  even  l a r g e r  sys tems  
may become u n a v o i d a b l e ,  n e c e s s i t a t i n g  t h e  u s e  o f  i n t e r s e c t o r a l  
models i n  which h e a l t h  is  o n l y  o n e ,  a l b e i t  i m p o r t a n t ,  s e c t o r .  

CONCLUSIONS 

I n  t h e  c o n t e x t  o f  t h i s  c o n f e r e n c e ,  t h e  f o r e g o i n g  d i s c u s s i o n ,  
which is  o r i e n t e d  toward a l l  o r  any p u b l i c  h e a l t h  a p p l i c a t i o n s ,  
h a s  s p e c i f i c  i m p l i c a t i o n s  f o r  h e a l t h  c a r e  sys tems  model ing.  Thus 
a l l  such  h e a l t h  c a r e  models s h o u l d  b e  e x p l i c i t l y  rev iewed  w i t h  
r e g a r d  t o  t h e  t y p e s  o f  v a l i d a t i o n  r e q u i r e d .  P u r e l y  t h e o r e t i c a l  
s t u d i e s  may have g r e a t  v a l u e  i n  c l a r i f y i n g  t h o u g h t  and p r o v i d i n g  
g e n e r a l  i n s i g h t s .  But  i f  t h e y  a r e  t o  p r o v i d e  a  sound b a s i s  f o r  
p r a c t i c a l  deve lopments ,  t h e y  must  a l s o  be s u b j e c t e d  t o  l o g i c a l  



and  q u a n t i t a t i v e  a n a l y s i s  i n  o r d e r  t o  l a y  b a r e  p o s s i b l e  i n t e r n a l  
c o n t r a d i c t i o n s  a s  w e l l  a s  u n f o r e s e e n  and unwanted q u a l i t a t i v e  
b e h a v i o r .  T h i s  i s  e s p e c i a l l y  i m p o r t a n t  i f  t t ie  model ing i s  t o  
b e  s u b j e c t e d  t o  i n t e n s i v e  c o m p u t e r i z a t i o n ,  w i t h  t h e  r i s k  t h a t  
p r i n t o u t s  w i l l  b e  r e g a r d e d  a s  a n  immediate  g u i d e  f o r  d e c i s i o n -  
makers.  I n  a d d i t i o n  t o  t h e s e  p r i m a r i l y  d e d u c t i v e  modes o f  a n a l y -  
s is ,  it i s  e s s e n t i a l  t o  c o n s i d e r  t h e  i n d u c t i v e  problems o f  f i t t i n g  
t h e  models t o  a c t u a l  d a t a  a r i s i n g  from c e r t a i n  s p e c i f i c ,  w e l l -  
d e f i n e d  h e a l t h  c a r e  sys tems .  S i m i l a r l y ,  t h e  advance  t o  t h e  
s u b s e q u e n t  s t a g e s  o f  t e s t i n g  a c t u a l  p r e d i c t i v e  power and p r a c -  
t i c a l  u s e f u l n e s s  t o  d e c i s i o n m a k e r s  mus t  b e  p lanned  and  c a r r i e d  
o u t .  

A  r i g o r o u s  a p p l i c a t i o n  o f  t h e  a p p r o p r i a t e  forms o f  v a l i d a t i o n  
i s  v i t a l  t o  b u i l d i n g  up an e s t a b l i s h e d  body o f  q u a n t i t a t i v e  knowl- 
edge  t h a t  p r o v i d e s  b o t h  t h e o r e t i c a l  i n s i g h t  and r e l i a b l e  t o o l s  f o r  
p r a c t i c a l  dec i s ionmaking .  
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PROBLEM-ORIENTED GLOBAL MODELING: DEVELOPING 
A HEALTH CARE-ORIENTED SIMULATION MODEL 

A .  P e t r o v s k y ,  P. K i t s u l ,  W.  Olshansky,  and A. Yashin 

The need t o  f o r e s e e  t h e  r e s u l t s  o f  a c t i o n s  t a k e n  s i m u l t a -  
n e o u s l y  by many c o u n t r i e s  h a s  g e n e r a t e d  a  new d i r e c t i o n  o f  sys tems  
a n a l y s i s  c a l l e d  g l o b a l  model ing.  E x i s t i n g  g l o b a l  models have two 
k i n d s  o f  submodels--product ive subsys tems  ( e . g . ,  i n d u s t r y ,  food  
and a g r i c u l t u r e ,  mining and e n e r g y )  and n o n p r o d u c t i v e  subsys tems  
( e . g . ,  e d u c a t i o n ,  h e a l t h  c a r e ,  s o c i a l  w e l f a r e ,  law e n f o r c e m e n t .  

G l o b a l  models a r e  i n t e n d e d  t o  d e t e r m i n e  g e n e r a l  t r e n d s  i n  
t h e  socioeconomic development  o f  d i f f e r e n t  c o u n t r i e s  [ I - 4 1 .  
N e v e r t h e l e s s ,  t h e  g l o b a l  n a t u r e  o f  t h e s e  models d o e s  n o t  p e r m i t  
c l o s e  a n a l y s i s  o f  how r e g i o n s  and p a r t i c u l a r  subsys tems  f u n c t i o n .  
A s i g n i f i c a n t l y  l a r g e  number o f  autonomous models o f  subsys tems  
e x i s t ,  b u t  t h e s e  d o  n o t  a l l o w  f o r  t h e  e f f e c t s  o f  p r o c e s s e s  o u t -  
s i d e  t h e s e  subsys tems .  

Thus models a r e  needed t h a t  a l l o w  d e t a i l e d  a n a l y s i s  o f  
d e c i s i o n m a k i n g  w i t h i n  c e r t a i n  s u b s y s t e m s ,  b u t  t h a t ,  a t  t h e  same 
t i m e ,  r e c o g n i z e  t h e  e f f e c t  o f  p r o c e s s e s  i n  " e x t e r n a l "  subsys tems .  
Such models c o u l d  b e  c a l l e d  p rob lem-or ien ted  g l o b a l  models .  

Al though models o f  t h e  p r o d u c t i v e  subsys tems  have  been 
t h o r o u g h l y  deve loped ,  t h e  methodology f o r  b u i l d i n g  models o f  
n o n p r o d u c t i v e  sys tems  i s  s t i l l  l a c k i n g .  The impor tance  o f  non- 
p r o d u c t i v e  s e c t o r s  f o r  r e g i o n a l  and g l o b a l  development  l i e s  n a t  
o n l y  i n  t h e i r  e f f e c t  on t h e  economic i n d i c e s  o f  p r o d u c t i v e  s e c -  
t o r s ,  b u t  a l s o  i n  t h e i r  c o n t r i b u t i o n  t o  t h e  s o c i o c u l t u r a l  back- 
ground (measured w i t h  a p p r o p r i a t e  i n d i c a t o r s )  from which a  
s o c i e t y  e v o l v e s .  

One o f  t h e  i m p o r t a n t  subsys tems  is  t h e  h e a l t h  c a r e  sys tem 
which n o t  o n l y  a f f e c t s  t h e  se t  o f  i n d i c a t o r s  c h a r a c t e r i z i n g  t h e  
development  o f  a  c e r t a i n  r e g i o n  b u t  is  i t s e l f  i n f l u e n c e d  by ex- 
ogenous soc ioeconomic  f a c t o r s .  

H e a l t h  c a r e - o r i e n t e d  g l o b a l  models ,  w h i l e  r e p r e s e n t i n g  
r e g i o n a l  s p e c i f i c i t y ,  s h o u l d  a l s o  p o s s e s s  a  c e r t a i n  amount o f  
u n i v e r s a l i t y  [ 5 ]  t o  show g e n e r i c  p r o p e r t i e s .  W e  have  deve loped  
a  s i m u l a t i o n  model,  " P o p u l a t i o n - H e a l t h  C a r e " ,  which r e c o g n i z e s  
t h e  f o l l o w i n g  k i n d s  o f  i n t e r a c t i o n  w i t h  t h e  e x t e r n a l  economic 
e c o l o g i c a l  env i ronment :  

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

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



- food supply ,  

- environmental  p o l l u t i o n ,  

- i n t e r r e g i o n a l  l i n k s .  

This  work was c a r r i e d  o u t  a long  t h e  methodological  g u i d e l i n e s  
o f  t h e  S c i e n t i f i c  Council  f o r  Systems Research i n  Biology and 
Medicine o f  t h e  USSR Nat iona l  Committee f o r  IIASA [5]  . 

THE MODEL ' S STRUCTURE 

I n  o u r  h e a l t h  c a r e  system model, mathematical  t e chn iques ,  
very s i m i l a r  t o  t hose  used f o r  c e r t a i n  demographic models, a r e  
used t o  d e s c r i b e  t h e  popu la t i on  dynamics. This  d e s c r i p t i o n  
r e l i e s  on p a r t i a l  d i f f e r e n t i a l  equa t ions  of  a  s p e c i a l  t ype .  I n  
h e a l t h  c a r e  system modeling, t h i s  d e s c r i p t i o n  becomes very  i n -  
volved because h e a l t h  s t a t u s  i n d i c a t o r s  must be i nco rpo ra t ed  i n t o  
t h i s  s t r u c t u r e ,  i n  a d d i t i o n  t o  t h e  sex-age s t r u c t u r e  of  t h e  popu- 
l a t i o n  [ 6 ] .  

Popu la t i on  i s  c l a s s i f i e d  i n t o  age-hea1,th groups.  The number 
o f  age  groups depends on t h e  d e s i r e d  s p e c i f i c i t y  o f  t h e  age- 
pyramid. 

The minimal number o f  h e a l t h  c a t e g o r i e s  i s  fou r :  

1 .  h e a l t h y  popu la t i on ;  

2 .  t h e  unaware s i ck - - those  who a r e  n o t  aware of  t h e i r  
d i s e a s e  o r  t hose  who a r e  aware b u t  do n o t  r e q u i r e  
medical  h e l p ;  

3 .  t h e  s i c k  who a r e  aware of  t h e i r  d i s e a s e  b u t  a r e  n o t  
t r e a t e d ;  

4. t h e  p a t i e n t s  who a r e  t r e a t e d .  

Ca tego r i e s  2-4 can be  f u r t h e r  subdiv ided  accord ing  t o  t y p e s  o f  
d i s e a s e ,  s t a g e s  o f  d i s e a s e ,  t ypes  of  r e q u i r e d  s e r v i c e  ( i n - p a t i e n t s ,  
o u t - p a t i e n t s ,  cus tody ,  e t c  . )  [ 7 , 8 ]  . 

When i n i t i a l l y  developing  a  h e a l t h  c a r e  model, it is  reason- 
a b l e  t o  develop  one t h a t  r e q u i r e s  t h e  l e a s t  amount of  i n fo rma t ion .  
I n  a  c e r t a i n  s ense ,  t h i s  requi rement  i s  f u l f i l l e d  by t h e  above 
fou r  c a t e g o r i e s .  

Atsurni and Kaihara [9 ]  have s t u d i e d  such a  model, which was 
developed t o  ana lyze  t h e  exchange r a t e s  among t h e  c a t e g o r i e s  
u s i n g  t h e  s t a t i s t i c a l  d a t a  a v a i l a b l e  i n  Japan ,  and t o  f o r e c a s t  
t h e  f u t u r e  needs of  medical  c a r e  i n  Japan.  I t  d i d  n o t  s tudy  t h e  
a l l o c a t i o n  o f  r e sou rces  i n  h e a l t h  c a r e  o r  t h e  feedbacks from t h o s e  
peop le  i n  each  h e a l t h  ca t ego ry  t o  t h e  exchange r a t e s  among t h e  



h e a l t h  c a t e g o r i e s .  However, c o n s i d e r a t i o n  o f  t h e s e  problems 
would make it p o s s i b l e  t o  s t u d y  some s u b t l e  n o n l i n e a r  e f f e c t s  
due  t o ,  s a y ,  l i m i t e d  c a p a c i t i e s  o f  t h e  h e a l t h  c a r e  sys tem,  
h e a l t h  c a r e  a v a i l a b i l i t y ,  and work load ,  e tc .  

Our model d e s c r i b e s  a g e - h e a l t h  dynamics  by a  sys tem of  K 
p a r t i a l  d i f f e r e n t i a l  e q u a t i o n s :  

u ( i , x , O )  = f i ( x )  i = i . .  . K ( 1 )  

where K i s  t h e  number o f  h e a l t h  c a t e g o r i e s  ( i n c l u d i n g  t h e  d e a d ) ;  
T  i s  t h e  maximum d u r a t i o n  o f  l i f e ;  u ( i , x , t )  a r e  t h e  p e o p l e  i n  t h e  

+ + 
i - t h  h e a l t h  c a t e g o r y  o f  age  x  a t  t i m e  t; q t j  ( x . u r r r R )  a r e  t h e  

p r o b a b i l i t i e s  o f  t r a n s i t i o n  from c a t e g o r y  -J i n t o  c a t e g o r y  i, 
+ 

depending  on t h e  v e c t o r  o f  h e a l t h - c a r e  r e s o u r c e s  r and t h e  t i m e  
+ 

v e c t o r  u  = [ ~ ( l , x , s )  ,... , u ( K , x , s ) ] ,  0  I x 6 TI 0  5 s 6 t; f i ( x )  

i s  a  g i v e n  i n i t i a l  c o n d i t i o n ;  R  i s  t h e  e x t e r n a l  f a c t o r s ;  and 
4 .  . ( u , x , t )  i s  t h e  b i r t h  r a t e  c l a s s i f i e d  by a g e  and  h e a l t h  c a t e -  

1 3  
g o r i e s .  

E q u a t i o n s  ( 1 )  a r e  s o l v e d  by t h e  method o f  c h a r a c t e r i s t i c s .  
The c o n t i n u o u s  a g e  x  is  q u a n t i f i e d  s o  t h a t  t h e  p o p u l a t i o n  is  
d i v i d e d  i n t o  N a g e  g roups .  

The t r a n s i t i o n  c o e f f i c i e n t s  among t h e  h e a l t h  c a t e g o r i e s  a r e  
d i c t a t e d  i n  t h e  model by t h e  c u r r e n t  medico-demographic 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  r e s o u r c e s  f o r  h e a l t h  c a r e  ( i . e . ,  p r e v e n t i o n ,  
m e d i c a l  e d u c a t i o n ,  p r o f e s s i o n a l  m e d i c a l  e d u c a t i o n ,  d e t e c t i o n  mea- 
s u r e s ,  i n t e n s i v e  t r e a t m e n t ,  progiress  o f  m e d i c a l  s c i e n c e ,  e t c . )  
and  by exogenous f a c t o r s  ( i - e . ,  l i f e  s t a n d a r d s ,  t h e  n u t r i t i o n  
l e v e l ,  t h e  env i ronment  p o l l u t i o n  l e v e l ) .  

To work w i t h  t h e  model,  one h a s  t o  s p e c i f y  t h e  i n i t i a l  and 
boundary c o n d i t i o n s ,  i . e . ,  t h e  m e d i c o - d e m g r a p h i c  c h a r a c t e r i s t i c s  
o f  a  r e g i o n .  The t r a n s i t i o n  c o e f f i c i e n t s  a r e  p a r t l y  s p e c i f i e d  
i n  advance and a r e  p a r t l y  v a r i e d  by t h e  d e c i s i o n m a k e r  when working 
w i t h  t h e  model.  T h i s  work c o n s i s t s  o f  r e v i e w i n g  sets o f  numeric  
c h a r a c t e r i s t i c s  o f  p o p u l a t i o n  h e a l t h  a s  a  f u n c t i o n  o f  v a r i o u s  
k i n d s  o f  t h e  t r a n s i t i o n  c o e f f i c i e n t s  v a r i a t i o n s .  



To a n a l y z e  h e a l t h  c a r e  a c t i v i t i e s  and t o  o b t a i n  r e a s o n a b l e  
c o n t r o l s ,  o n e  must  i n t e r a c t  w i t h  t h i s  sys tem b e a r i n g  i n  mind t h e  
e x t e r n a l  sys tems .  T h i s  c a n  b e  done i n  two ways: ( 1 )  by d e v e l -  
o p i n g  a  c l o s e d  l o o p  model o f  t h e  h e a l t h  c a r e  sys tem,  o r  ( 2 )  by 
s p e c i f y i n g  t h e  e x t e r n a l  a c t i o n s  i n  compl iance  w i t h  a  s c e n a r i o .  

The n a t u r a l  e v o l u t i o n  o f  t h e  model goes  a l o n g  t h e  l i n e s  o f  
p r o g r e s s  i n  g l o b a l  modeling: a t  t h e  f i r s t  s t a g e ,  it i s  a  gen- 
e r a l i z e d  model (somewhat a n a l o g o u s  t o  models by F o r r e s t e r  and 
Meadows [ I ] ) ;  a t  t h e  second  s t a g e ,  i t  is  a  r e g i o n a l i z e d  model 
( a n  a n a l o g  o f  one  o f  t h e  l e v e l s  i n  t h e  M e s a r o v i c - P e s t e l  model 
[ 3 ] ) .  The r e g i o n a l i z e d  model more a d e q u a t e l y  r e p r e s e n t s  t h e  
mixed c e n t r a l - l o c a l  a l l o c a t i o n  o f  i n v e s t m e n t s  i n  h e a l t h  d e l i v e r y  
e x i s t i n g  i n  some c o u n t r i e s .  

EXTERNAL SYSTEMS 

Our h e a l t h  c a r e  sys tems  model used t h e  f o l l o w i n g  i n p u t  from 
e x t e r n a l  sys tems:  g r o s s  n a t i o n a l / r e g i o n a l  p r o d u c t  p e r  c a p i t a ,  
e n v i r o n m e n t a l  p o l l u t i o n  l e v e l ,  n u t r i t i o n  l e v e l ,  and h e a l t h  c a r e  
c o s t s .  How t h e s e  f a c t o r s  i n f l u e n c e  p o p u l a t i o n  p a r a m e t e r s  c a l l s  
f o r  f u r t h e r  i n v e s t i g a t i o n s .  A t  t h e  e a r l y  s t a g e s  o f  o u r  model,  
w e  used t h e  f a c t o r s  o f  e n v i r o n m e n t a l  p o l l u t i o n  and n u t r i t i o n  
l e v e l  i n  t h e  same f a s h i o n  a s  t h e  M e s a r o v i c - P e s t e l  model [ 3 ] .  

O u t p u t s  o f  t h e  h e a l t h  c a r e  s y s t e m  a f f e c t i n g  t h e  e x t e r n a l  
sys tems  a r e  t h e  a c t i v e  l a b o r  r e s o u r c e s  and t h e  i n d e x  o f  h e a l t h  
c a r e  s o c i a l  pe r formance  (see b e l o w ) .  

To o b t a i n  a  c l o s e d  l o o p  model,  w e  b u i l t  a  model f o r  t h e  
e x t e r n a l  sys tems  and a  s e t  o f  c o n t r o l s  ( s c e n a r i o s ) .  The e a s i e s t  
way t o  d e v e l o p  such  a  model i s  t o  u s e  p r o d u c t i o n  f u n c t i o n s  t h a t  
f o r m a l l y  r e l a t e  r e s o u r c e  p r o d u c t i v i t i e s  and amounts t o  t h e  pro-  
d u c t .  Labor r e s o u r c e s ,  which a r e  d i v i d e d  among i n d u s t r y ,  s e r v i c e s ,  
and a g r i c u l t u r e ,  e n t e r  t h e  a s s o c i a t e d  p r o d u c t i o n  f u n c t i o n s .  Pro- 
d u c t i o n  f u n c t i o n s  d e t e r m i n e  t h e  g r o s s  r e g i o n a l  p r o d u c t  which i s  
d i v i d e d  i n t o  i n v e s t m e n t s  i n  i n d u s t r y ,  s e r v i c e ,  and a g r i c u l t u r e ,  
and consumpt ion .  The g r o s s  r e g i o n a l  p r o d u c t  p r o v i d e s  t h e  i n v e s t -  
ments  i n  h e a l t h  c a r e  which s h o u l d  b e  i n t e l l i g e n t l y  a l l o c a t e d  among 
t h e  s e r v i c e s  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 s e l f .  

From t h e  p o i n t  o f  view o f  h e a l t h  c a r e ,  i n d u s t r y  d e t e r m i n e s  
t h e  amount o f  e n v i r o n m e n t a l  p o l l u t i o n  and a g r i c u l t u r e  d e t e r m i n e s  
t h e  n u t r i t i o n  l e v e l .  The minimal  n u t r i t i o n a l  needs  s p e c i f i e d  
m e e t  t h e  c o n d i t i o n s  o f  l i f e  p r e s e r v a t i o n  recommended by t h e  World 
H e a l t h  O r g a n i z a t i o n .  A c t u a l  food  needs  i n c r e a s e  w i t h  t h e  g r o s s  
i n d u s t r i a l  o u t p u t  p e r  c a p i t a .  A comparison o f  n u t r i t i o n a l  needs  
w i t h  food  p r o d u c t i o n  and a v a i l a b i l i t y  shows t h e  n u t r i t i o n a l  d e f i -  
c i t  t h a t  a f f e c t s  m o r b i d i t y  and d e a t h  r a t e s .  

HEALTH CARE MANAGEMENT 

I n  o u r  model,  h e a l t h  c a r e  c o s t s  a r e  d i v i d e d  i n t o  i n v e s t m e n t s  
i n  t h e  p r e v e n t i o n / t r e a t m e n t  a c t i v i t i e s  o f  d i s e a s e  p r e v e n t i o n  and 



medica l  e d u c a t i o n ,  d e t e c t i o n  o f  t h e  s i c k ,  and t r e a t m e n t  o f  t h e  
s i c k ,  and t h e  i n v e s t m e n t s  i n  management, equ ipment ,  p r o f e s s i o n a l  
m e d i c a l  e d u c a t i o n ,  and medica l  s c i e n c e .  

I n  a l l o c a t i n g  t h e  r e s o u r c e s  f o r  p r e v e n t i o n ,  d e t e c t i o n ,  and 
t r e a t m e n t ,  p r i o r i t i e s  a r e  s p e c i f i e d  f o r  t h e  r e s o u r c e s  earmarked 
f o r  e a c h  age  g roup .  For  i n s t a n c 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  
c h i l d r e n ' s  h e a l t h  c a r e  a r e  g r e a t e r  t h e n  t h o s e  f o r  t h e  o t h e r  
a g e  g r o u p s ,  t h u s  d e c r e a s i n g  c h i l d  m o r b i d i t y .  

The a l l o c a t i o n  o f  r e s o u r c e s  a l s o  a l l o w s  f o r  some i n d i c a t o r s  
o f  p u b l i c  o p i n i o n  r e f l e c t i n g  s o c i a l  t e n s i o n  due t o  inadequacy  o f  
h e a l t h  d e l i v e r y .  

ECONOMIC EFFICIENCY OF HEALTH CARE - 

The p r o d u c t i o n  f u n c t i o n  o f  i n d u s t r y  [ 1 ] i s  t h e  f o l l o w i n g :  

where t i s  t i m e ;  y  i s  r e g i o n a l  i n d u s t r i a l  o u t p u t ;  C  is  t h e  o u t p u t -  
c a p i t a l  r a t i o ;  K i s  c a p i t a l ;  m ( .  , ., .) i s  t h e  c a p i t a l  u t i l i z a t i o n  
f a c t o r ;  P i s  t o t a l  p o p u l a t i o n ;  L  i s  a c t i v e  l a b o r  f o r c e  s u p p l y ;  
L* i s  l a b o r  f o r c e  demand; h ,  b ,  Y o ,  A a r e  e m p i r i c a l  c o n s t a n t s ;  
IT e q u a l s  3 .14.  

I n v e s t m e n t s  i n  h e a l t h  c a r e  r e s u l t  i n  a  l a r g e r  a c t i v e  l a b o r  
f o r c e  L  b e c a u s e  o f  d e c r e a s e d  d i s a b l e m e n t  and i n c r e a s e d  l i f e  
e x p e c t a n c y  a t  b i r t h :  



where 1 i s  l a b o r  a c t i v i t y  and  S  i s  t h e  i n d e x  o f  s o c i a l  pe r formance  
o f  h e a l t h  c a r e .  H e a l t h  c a r e  c o s t s  IHC may a l s o  i n c r e a s e  t h e  l a b o r -  

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

I t  i s  n a t u r a l  t o  d e f i n e  t h e  economic e f f i c i e n c y  Ee o f  i n -  

c r e a s e s  i n  h e a l t h  c a r e  c o s t s  a s  t h e  r a t i o  o f  t h e  r e g i o n a l  indus-  
t r i a l  o u t p u t  i n c r e m e n t  s i n c e  t h e  i n c r e m e n t  o f  h e a l t h  c a r e  c o s t s  
IHC t o  t h e s e  c o s t s  a r e  t h e  g i v e n  l e v e l  o f  h e a l t h  c a r e  c o s t s  IHC: 

With in  t h e  framework o f  e q u a t i o n s  ( 2 )  - ( 4 )  , t h e  e f f i c i e n c y  
Ee may b e  o t h e r  t h a n  z e r o  o n l y  when t h e  employment r a t i o  L*/L - 1 .  

With an employment r a t i o  o f  L*/L < 1 ,  i n v e s t m e n t s  i n  h e a l t h  c a r e  
can o n l y  be j u s t i f i e d  by t h e  i n c r e a s e d  s o c i a l  t e n s i o n  t h a t  would 
r e s u l t  f rom a  d e t e r i o r a t i o n  o f  s o c i o c u l t u r a l  i n d i c a t o r s  i f  t h e s e  
i n v e s t m e n t s  were n o t  a p p r o p r i a t e d .  

SOCIAL EFFICIENCY OF HEALTH CARE 

The s o c i a l  t e n s i o n  t h a t  would r e s u l t  from i n a d e q u a t e  h e a l t h  
c a r e  i s  s p e c i f i e d  by t h e  i n d e x  o f  s o c i a l  pe r formance  o f  h e a l t h  
c a r e  S: 

where a i  a r e  e m p i r i c a l  c o e f f i c i e n t s  and LE i s  l i f e  expec tancy  

a t  b i r t h .  

I t  i s  n a t u r a l  t o  d e t e r m i n e  t h e  s o c i a l  e f f i c i e n c y  E  o f  an 
S 

i n s t r u m e n t  i n  h e a l t h  c a r e  a s  t h e  r a t i o  o f  t h e  i n c r e m e n t  o f  t h e  
s o c i a l  pe r formance  i n d e x  o f  h e a l t h  c a r e  c a u s e d  by t h e  i n c r e m e n t  
o f  t h e  i n v e s t m e n t  IHC t o  a  g i v e n  l e v e l  o f  h e a l t h  c a r e  i n v e s t m e n t  
I 

HC' 
T h a t  i s ,  



I n  g e n e r a l ,  t h e  s o c i a l  e f f i c i e n c y  o f  i n c r e a s e s  i n  h e a l t h  c a r e  
c o s t s  d e c r e a s e s  a s  t h e s e  c o s t s  go h i g h e r  [ l o ] ,  and i t  may 
e v e n t u a l l y  become n e g a t i v e  [ I  1  ]  . 

CONCLUSIONS 

The m e t h o d o l o g i c a l  approach  t o  p l a n n i n g  r e g i o n a l  development  
d e s c r i b e d  above a l l o w s  u s  t o  d e t e r m i n e  t h e  r o l e  o f  t h e  h e a l t h  c a r e  
s y s t e m  i n  a  r e g i o n ' s  g e n e r a l  soc ioeconomic  s y s t e m ,  and t o  s o l v e  
v a r i o u s  o r g a n i z a t i o n a l  problems c o n n e c t e d  w i t h  t h e  d e l i v e r y  o f  
h e a l t h  c a r e  w i t h  due  r e g a r d  f o r  exogenous f a c t o r s .  T h i s  model 
h a s  been t e s t e d  on d a t a  r e p r e s e n t i n g  a  h y p o t h e t i c a l  r e g i o n  
( s i m u l a t i n g  a  d e v e l o p i n g  c o u n t r y  c a s e )  . 

I n  t h e  f i r s t  v e r s i o n  o f  o u r  h e a l t h  c a r e - o r i e n t e d  model ,  
e x t e r n a l  subsys tems  a r e  s i m u l a t e d  by a  m o d i f i c a t i o n  o f  t h e  
WORLD 3 model [ I ] ,  and  t h e  a n a l y s i s  o f  i n t e r r e g i o n a l  r e l a t i o n s  
f o l l o w s  a l o n g  t h e  l i n e s  o f  t h e  GLOBE 6 model [ 4 ] .  H e a l t h  c a r e  
d e l i v e r y  i t s e l f  i s  d e s c r i b e d  by e q u a t i o n  ( 1 )  . 

H e a l t h  c a r e  r e s o u r c e s  w e r e  grouped i n  t h e  same way a s  i n v e s t -  
ments  w e r e  a p p r o p r i a t e d :  p r o f e s s i o n a l  m e d i c a l  e d u c a t i o n ,  manage- 
ment ,  equ ipment ,  m e d i c a l  s c i e n c e ,  d i s e a s e  p r e v e n t i o n  and  m e d i c a l  
e d u c a t i o n ,  and wages o f  p e r s o n n e l  engaged i n  t r e a t m e n t  and d e t e c -  
t i o n .  However, t h e  p e r s o n n e l  engaged i n  t r e a t m e n t  and d e t e c t i o n  
was a p p o r t i o n e d  s o  t h a t  t h e  number o f  s i c k  who know a b o u t  t h e i r  
d i s e a s e  b u t  do  n o t  r e c e i v e  p r o p e r  t r e a t m e n t  i s  minimal  when a l l  
r e s o u r c e s  a r e  u s e d .  

F i g u r e  1 shows p r e v a l e n c e  dynamics  i n  t h e  f o u r  h e a l t h  
c a t e g o r i e s .  F i g u r e  2  shows t h e  c o r r e s p o n d i n g  dynamics o f  h e a l t h  
c a r e  r e s o u r c e s  d i v i d e d  among ( 1 )  d i s e a s e  p r e v e n t i o n  and p o p u l a r  
m e d i c a l  e d u c a t i o n ,  ( 2 )  d e t e c t i o n  o f  t h e  unaware s i c k ,  and ( 3 )  
p a t i e n t  t r e a t m e n t  u s i n g  two d i f f e r e n t  programs o f  a l l o c a t i o n .  
T o t a l  i n v e s t m e n t s  a r e  assumed t o  b e  i n c r e a s i n g  a t  5  p e r c e n t  p e r  
y e a r  u n d e r  a  program (Program 1 )  t h a t  g i v e s  2.5 p e r c e n t  o f  t o t a l  
i n v e s t m e n t  t o  p r e v e n t i o n  and m e d i c a l  e d u c a t i o n .  F i g u r e s  3  and 4  
a r e  s i m i l a r  d iagrams ,  e x c e p t  t h a t  t h e y  i n c l u d e  Program 2  i n  which 
9 p e r c e n t  o f  t o t a l  i n v e s t m e n t  i s  g i v e n  t o  p r e v e n t i o n  and m e d i c a l  
e d u c a t i o n .  

F i g u r e  5  shows t h e  i n d e x  o f  s o c i a l  pe r formance  o f  h e a l t h  
c a r e  S  f o r  t h e  two programs.  

F i g u r e  6 p r e s e n t s  t h e  dynamics o f  t h e  c a p i t a l  u t i l i z a t i o n  
f a c t o r  M d e f i n e d  i n  e q u a t i o n s  3  and 4. T h i s  f i g u r e  shows t h a t  
u n t i l  t i m e  t l  (Program 1 )  o r  t2 (Program 2 ) ,  t h e  economic e f f i -  

c i e n c y  i s  z e r o .  A f t e r  t i m e  t l  t h e  economic e f f i c i e n c y  o f  Pro- 

gram 2  i s  b e t t e r  t h a n  t h a t  o f  Program 1 .  

The r e s u l t s  from h y p o t h e t i c a l  d a t a  p rove  t h e  v a l i d i t y  o f  
t h i s  approach  t o  p l a n n i n g  h e a l t h  c a r e  i n  a  l a r g e  r e g i o n .  I t  



F i g u r e  1 .  H e a l t h  c a r e  program 1:  
p r e v a l e n c e  dynamics  i n  
f o u r  h e a l t h  c a t e g o r i e s .  

F i g u r e  2 .  H e a l t h  c a r e  program 1 : 
h e a l t h  care r e s o u r c e s  
d i s t r i b u t e d  among t h r e e  
s e c t o r s  ( t h e  sum o f  t h e  
t h r e e  l i n e s  r e p r e s e n t s  
5 p e r c e n t  growth p e r  
y e a r  on  i n v e s t m e n t s ) .  



F i g u r e  3 .  H e a l t h  c a r e  program 2 : 
p r e v a l e n c e  dynamics i n  
f o u r  h e a l t h  c a t e g o r i e s .  

F i g u r e  4 .  H e a l t h  c a r e  program 2: 
h e a l t h  c a r e  r e s o u r c e s  
d i s t r i b u t e d  among t h r e e  
s e c t o r s  ( t h e  sum o f  t h e  
t h r e e  l i n e s  r e p r e s e n t s  
5 p e r c e n t  growth p e r  
y e a r  on i n v e s t m e n t s )  . 
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F i g u r e  5 .  The i n d e x  o f  s o c i a l  
performance o f  h e a l t h  
c a r e  f o r  t h e  two h e a l t h  
programs.  

F i g u r e  6 .  The dynamics o f  t h e  
c a p i t a l  u t i l i z a t i o n  
f a c t o r  i n  t h e  two 
h e a l t h  programs. 



i s  c l e a r  t h a t  t h e  p r e p a r a t i o n  o f  a c t u a l  d a t a  t o  r u n  s u c h  a  model 
w i l l  r e q u i r e  c o n s i d e r a b l e  t i m e  b e c a u s e  a l l  t h e  r e l e v a n t  d a t a  a r e  
n o t  g e n e r a l l y  r e g i s t e r e d  a n d ,  m o r e o v e r ,  some d a t a  ( e . g . ,  a b o u t  
t h e  l a t e n t  m o r b i d i t y  a n d  p r e v a l e n c e  r a t e )  c a n n o t  b e  a c q u i r e d  
d i r e c t l y .  

As w e l l  a s  d e v e l o p i n g  t h e  model  b o t h  e x t e n s i v e l y  a n d  
i n t e n s i v e l y ,  we a r e  w o r k i n g  o n  me thods  t o  d e t e r m i n e  p a r a m e t e r s  
o f  t h e  mode l .  S e v e r a l  o f  s u c h  me thods  h a v e  a l r e a d y  b e e n  d e v e l -  
o p e d  a t  IIASA [ 1 2 ] .  
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SYSTEMS MODELING AND HEALTH SERVICE 
PLANNING I N  THE UK 

A.G. McDonald 

INTRODUCTION 

T h i s  p a p e r  i s  d i v i d e d  i n t o  t h r e e  p a r t s .  The f i r s t  p a r t  
d e s c r i b e s  a  number o f  sys tems  model ing p r o j e c t s  w i t h i n  t h e  U K ' s  
Depar tment  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 how t h e s e  
p r o j e c t s  i n t e r a c t  w i t h  po l icymaking  w i t h i n  DHSS. The second  
p a r t  d e s c r i b e s  r e c e n t  developments  i n  t h e  most f a r - r e a c h i n g  o f  
o u r  s t r a t e g i c  model ing p r o j e c t s ,  t h e  Ba lance  o f  Care  S t u d y ,  which 
i s  t h e  one  most c l o s e l y  r e l a t e d  t o  work a t  IIASA and which was 
f i r s t  r e p o r t e d  a t  t h e  IIASA Biomedica l  Conference  h e l d  i n  Moscow, 
December 8-12, 1975. The t h i r d  p a r t  summarizes DHSS model ing o f  
t h e  p r o g r e s s  o f  c e r t a i n  m a l i g n a n t  d i s e a s e s  which,  a l t h o u g h  n o t  
o r i g i n a l l y  d e s i g n e d  f o r  s e r v i c e  p l a n n i n g  p u r p o s e s ,  s e e m s  rele- 
v a n t  t o  t h e  IIASA approach  a s  o u t l i n e d  i n  t h e  e a r l i e r  p a p e r  by 
Venedic tov  and Sh igan .  

HEALTH CARE SYSTEM MODELS USED I N  POLICYMAKING 

I n  t h e  U K ,  t h e  O p e r a t i o n a l  Research S e r v i c e  (ORS) a r e  i n -  
v o l v e d  a t  a l l  l e v e l s  o f  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 - - t h e  s e n i o r  s t e e r i n g  commit tee ,  t h e  middle-management 
work ing  g r o u p s  and t h e  teams d i r e c t l y  c o n c e r n e d  w i t h  a n a l y s i s  
( e - g . ,  t h e  c e n t r a l  a n a l y t i c a l  team) (see F i g u r e  1 ) .  Thus t h e  
models deve loped  by ORS a r e  u s e d  i n  an  i t e r a t i v e  and i n t e r a c t i v e  
mode by po l icymakers  and a n a l y s t s  a t  a l l  l e v e l s .  The r e s u l t s  o f  
a n a l y s i s  a r e  n o t  j u s t  s imply  p r e s e n t e d  i n  a  t a k e - i t - o r - l e a v e - i t  
manner.  I n d e e d ,  t h e  g r e a t e s t  v a l u e  f rom m a t h e m a t i c a l  models i s  
d e r i v e d  from po l icymakers  d i s c u s s i n g  t h e  r e s u l t s  o f  t h o s e  models 
and examining t h e  assumpt ions  t h a t  l i e  b e h i n d  them. Outpu t  o f  
models need i n t e r p r e t i n g  and i n  t h i s  way t h e y  l e a r n  someth ing  
new a b o u t  t h e  main i n t e r a c t i o n s  w i t h i n  t h e  s y s t e m  f o r  which t h e y  
a r e  r e s p o n s i b l e .  T h i s  knowledge may be o f  more u s e  t o  them t h a n  
t h e  r e s u l t s  o f  any i n d i v i d u a l  run  o f  t h e  model. 

The B a l a n c e  o f  Care  S tudy  d e s c r i b e d  l a t e r  i n  t h i s  p a p e r  is 
o n l y  one ,  a l b e i t  t h e  most a m b i t i o u s ,  o f  s e v e r a l  models deve loped  
by ORS f o r  p o l i c y  a p p l i c a t i o n s .  T h i s  model,  l i k e  t h e  o t h e r  models ,  
i s  o n l y  a p p r o p r i a t e  f o r  a  c e r t a i n  r a n g e  o f  p o l i c y  q u e s t i o n s - - a n  
" a l l - s i n g i n g  a l l - d a n c i n g "  model c a n n o t  cope  w i t h  a l l  s t r a t e g i c  
i s s u e s .  F o r  example,  i n  o r d e r  t o  answer  c e r t a i n  t y p e s  o f  p o l i c y  
q u e s t i o n s  r e g a r d i n g  h e a l t h  s e r v i c e s  manpower, one o r  t h e  o t h e r  o f  
o u r  manpower models r a t h e r  t h a n  t h e  Ba lance  o f  Care  Model s h o u l d  
b e  u s e d .  
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F i g u r e  1 .  The i n t e r a c t i o n  between ORS and a l l  
l e v e l s  o f  t h e  DHSS. 

P o l i c y  S t u d i e s  

Resource A l l o c a t i o n  Working P a r t y  

One o f  t h e  main r e s p o n s i b i l i t i e s  o f  t h e  DHSS i s  t o  a l l o c a t e  
f u n d s  f i x e d  i n  t o t a l  amount by t h e  T r e a s u r y ,  t o  t h e  1 4  Regiona l  
H e a l t h  A u t h o r i t i e s  (RHAs) t o  c o v e r  e a c h  r e g i o n ' s  c a p i t a l  and 
revenue  e x p e n d i t u r e s .  A t  t h e  i n s t i g a t i o n  o f  t h e  M i n i s t e r s  o f  
DHSS, t h e  Resource A l l o c a t i o n  Working P a r t y  (RAWP) was formed t o  
rev iew t h e  p r i n c i p l e s  t h a t  d e t e r m i n e  t h e  a l l o c a t i o n  o f  t h e s e  funds .  
The a im was t o  p roduce  a  new a l l o c a t i o n  formula t h a t  would remove, 
i n  t i m e ,  any i n e q u a l i t i e s  i n  h e a l t h  c a r e  p r o v i s i o n  among t h e  RHAs. 

T h i s  formula was t o  b e  b a s e d  on t h e  h e a l t h  n e e d s  o f  t h e  
r e g i o n s  a s  r e f l e c t e d  c h i e f l y  by t h e i r  age / sex  s t r u c t u r e ,  a d j u s t e d  
f o r  s u c h  f a c t o r s  a s  agency a r r a n g e m e n t s  and i n t e r r e g i o n a l  p a t i e n t  
t r a n s f e r s .  Reg iona l  age / sex  s t r u c t u r e ,  c o r r e c t e d  f o r  p a t i e n t  
t r a n s f e r s ,  goes  a  l o n g  way i n  e x p l a i n i n g  v a r i a t i o n s  i n  t h e  u s e  
o f  h e a l t h  c a r e  r e s o u r c e s .  N e v e r t h e l e s s ,  usage  c o n t i n u e s  t o  v a r y  
c o n s i d e r a b l y ,  somewhat r e f l e c t i n g  need  b u t  l a r g e l y  r e l a t e d  t o  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 s  and how t h e y  have been u s e d  i n  t h e  p a s t .  

RAWP was a l s o  r e q u i r e d  t o  modify t h e  a l l o c a t i o n  formula i n  
t h e  l i g h t  o f  any o t h e r  f a c t o r s ,  a s i d e  from age / sex  s t r u c t u r e ,  
t h a t  c o n t r i b u t e  toward t h e  h e a l t h  n e e d s  o f  r e g i o n s .  To t h i s  end ,  
ORS, which h a s  p l a y e d  an a d v i s o r y  r o l e  i n  RAWP and i t s  a s s o c i a t e d  
subgroups ,  h e l p e d  e v a l u a t e  t h e  i m p l i c a t i o n s  o f  r e g i o n a l  age/sex 
s t r u c t u r e s  and o t h e r  f a c t o r s  i n  terms o f  t h e  f i n a n c i a l  t a r g e t  
a l l o c a t i o n s  f o r  t h e  r e g i o n s .  

There  a r e ,  however,  p r a c t i c a l  l i m i t s  t o  t h e  e x t e n t  t o  which 
any r e g i o n  can s u s t a i n  o r  j u s t i f y  i n c r e a s e d  o r  d e c r e a s e d  f u n d i n g  
i n  one y e a r .  ORS h e l p e d  e x p l o r e  t h e  i m p l i c a t i o n s  o f  t h e s e  l i m i t s ,  
which were t r a n s l a t e d  i n t o  d i f f e r e n t  " c e i l i n g s "  and  " f l o o r s "  on 
a l l o c a t i o n s .  



Another  problem ORS s t u d i e s  was t h a t  o f  p a t i e n t  t r a n s f e r s  
( i . e . ,  p a t i e n t s  r e c e i v i n g  t r e a t m e n t  o u t s i d e  t h e  r e g i o n  i n  which 
t h e y  l i v e ) .  The c o s t  o f  c a r e  f o r  p e o p l e  who c r o s s  r e g i o n a l  
b o u n d a r i e s  s h o u l d  b e  c r e d i t e d  t o  t h e  r e g i o n  i n  which t h e y  a r e  
t r e a t e d .  ORS u s e d  m u l t i p l e  r e g r e s s i o n  t e c h n i q u e s  t o  e s t i m a t e  
t h e  a v e r a g e  c o s t  o f  t r e a t i n g  v a r i o u s  s p e c i a l t y  g r o u p s .  The 
e s t i m a t e s  were t h e n  used  t o  c a l c u l a t e  a  p o p u l a t i o n  c o r r e c t i o n  
f o r  e a c h  r e g i o n ,  and t h e s e  c o r r e c t i o n s  were i n c o r p o r a t e d  i n  t h e  
a l l o c a t i o n  fo rmula .  ORS a l s o  p roposed  a  method f o r  i n c o r p o r a t i n g  
p o p u l a t i o n  c o r r e c t i o n s  r e p r e s e n t i n g  l o n g - s t a y  p s y c h i a t r i c  p a t i e n t s  
whose o r i g i n  o f  r e s i d e n c e  c o u l d  n o t  b e  t r a c e d .  

F i n a l l y ,  ORS programmed t h e  1976/77 a l l o c a t i o n  fo rmula .  
T h i s  h a s  e n a b l e d  RAW t o  s t u d y  q u i c k l y  and e f f e c t i v e l y  t h e  re- 
s u l t s  o f  changing  b o t h  t h e  d a t a  u s e d  and  t h e  r e l a t i v e  w e i g h t i n g s  
o f  v a r i o u s  f e a t u r e s  f o r  t h e  l o n g e r  t e r m .  

The RAWP h a s  now completed i t s  work [ I ]  and  h a s  p r e s e n t e d  
i t s  recommendations t o  t h e  M i n i s t e r s  on methods o f  e q u i t a b l y  
d i s t r i b u t i n g  N a t i o n a l  H e a l t h  S e r v i c e  (NHS) c a p i t a l  and  revenue  
t o  t h e  RHAs, Area H e a l t h  A u t h o r i t i e s  (AHAs)  , and  Dis t r ic t s ,  
r e s p e c t i v e l y .  ORS i s  c o n v e r t i n g  RAWP recommendations i n t o  s u i t -  
a b l e  computer  programs s o  t h a t  f u n d s  can  b e  d i s t r i b u t e d  e f f i -  
c i e n t l y  i n  t h e  f u t u r e  . 

Implementa t ion  o f  t h e  Mental I l l n e s s  White P a p e r  

The Mental  I l l n e s s  White  P a p e r  [2]  was concerned  w i t h  t h e  
p o l i c y  o f  r e p l a c i n g  t h e  l a r g e  m e n t a l  h o s p i t a l s  ( a b o u t  100) w i t h  
d i s t r i c t  h e a l t h  and s o c i a l  s e r v i c e  f a c i l i t i e s .  ORS deve loped  a  
model t h a t  p e r m i t t e d  e s t i m a t i n g  t h e  c o s t s  t o  t h e  p u b l i c  s e c t o r  o f  
implement ing t h e  White Paper  p o l i c y  o v e r  d i f f e r e n t  t i m e  p e r i o d s .  
The e f f e c t s  on annua l  c a p i t a l  and revenue  c o s t s  o f  p r o v i d i n g  t h e  
p roposed  h e a l t h  and s o c i a l  s e r v i c e s  f a c i l i t i e s  a t  d i f f e r e n t  r a t e s  
were examined, t h a t  i s ,  c o m p l e t i n g  t h e  s o c i a l  s e r v i c e  f a c i l i t i e s  
o v e r  a  s h o r t e r ,  e q u a l ,  o r  l o n g e r  t i m e  t h a n  t h e  h e a l t h  s e r v i c e  
f a c i l i t i e s .  C o s t s  were a s s e s s e d  i n  t e rms  o f  n e t  p r e s e n t  c o s t s  
(which i n v o l v e s  c o n v e r t i n g  a n n u a l l y  o c c u r r i n g  c o s t s  t o  an e q u i v -  
a l e n t  c a p i t a l  sum u s i n g  d i s c o u n t e d  c a s h  f low methods,  t h e  equ iv-  
a l e n t  c a p i t a l  sum t h e n  b e i n g  added t o  t h e  r e a l  c a p i t a l  c o s t ) ,  
and  i n  t e r m s  o f  t h e  year-by-year  a c t u a l  c a s h  f low.  The model 
was c o n s t r u c t e d  s o  a s  t o  e x p l o r e  t h e  r e l a t i o n s h i p s  between t h e  
r a t e  o f  a n n u a l  c a p i t a l  i n v e s t m e n t  i n  t h e  new d i s t r i c t  f a c i l i t i e s  
and p a t t e r n s  o f  admiss ion  t o  m e n t a l  h o s p i t a l s .  I n  a d d i t i o n ,  t h e  
e f f e c t  o f  a d m i s s i o n  p a t t e r n s  on t h e  l e n g t h  o f  t i m e  t h e  m e n t a l  
h o s p i t a l s  remained i n  u s e  and t h e r e f o r e  t h e  c o s t s  o f  o p e r a t i n g  
them, i n c l u d i n g  t h e  c o s t  o f  u p g r a d i n g ,  were examined.  

The model e s t i m a t e d  t h a t  implementa t ion  o f  t h e  White P a p e r  
p o l i c y  o v e r  30 y e a r s  would have a  n e t  p r e s e n t  c o s t  7  p e r c e n t  
less (£200 m i l l i o n )  t h a n  t h a t  o f  implementa t ion  o v e r  15 y e a r s .  
An i m p o r t a n t  r e s u l t  a f f e c t i n g  dec i s ionmaking  was t h a t  d i f f e r e n t  
r a t e s  o r  p a t t e r n s  o f  c a p i t a l  i n v e s t m e n t  had e s s e n t i a l l y  s i m i l a r  
p a t t e r n s  o f  revenue  e x p e n d i t u r e .  



S t r a t e g i c  Review o f  Menta l  H e a l t h  S e r v i c e s  i n  D o r s e t  

ORS h a s  been  a s k e d  t o  h e l p  t h e  D o r s e t  AHA d e v e l o p  a  compre- 
h e n s i v e  s t r a t e g i c  p l a n  f o r  m e n t a l  i l l n e s s  s e r v i c e s  i n  t h e  a r e a .  
T h i s  p l a n  would i n v o l v e  a d o p t i n g  a  10 t o  20  y e a r  p l a n n i n g  h o r i z o n  
and w i l l  i n c l u d e  c l o s i n g  s e c t i o n s  o f  a  l a r g e  m e n t a l  i l l n e s s  hos- 
p i t a l  and  d e v e l o p i n g  r e s o u r c e s  f o r  t h e  c a r e  o f  p a t i e n t s  i n  t h e  
community and w i t h i n  t h e  d i s t r i c t s .  Work w i l l  c o n c e n t r a t e  on t h e  
e f f e c t  o f  s u c h  a  p l a n  on p a t i e n t s  ( i n  t e r m s  o f  new t y p e s  o f  job ,  
change o f  workp lace ,  p o s s i b l e  r e d u n d a n c i e s ,  and r e c r u i t i n g  n e e d s ) .  
ORS w i l l  a l s o  i d e n t i f y  and a t t e m p t  t o  q u a n t i f y  t h e  i m p l i c a t i o n s  
o f  d i f f e r e n t  s t r a t e g i e s  f o r  t h e  o r g a n i z a t i o n  o f  m e n t a l  i l l n e s s  
s e r v i c e s  and  f o r  t h e  p r e s e n t  a l l o c a t i o n  o f  a r e a  r e s o u r c e s .  
F u r t h e r ,  it w i l l  d e v e l o p ,  i n  c o n j u n c t i o n  w i t h  t h e  a r e a ' s  r evenue  
a l l o c a t i o n  working g r o u p ,  a  b a s i s  f o r  f u t u r e  r e s o u r c e  a l l o c a t i o n  
f o r  m e n t a l  i l l n e s s  s e r v i c e s  i n  t h e  a r e a .  

Review o f  Pr imary  H e a l t h  C a r e  

Because o f  t h e  i m p o r t a n c e  DHSS a t t a c h e d  t o  t h e  development  
o f  p r i m a r y  h e a l t h  c a r e ,  i n  June  1973, ORS commissioned Donald 
Hicks  (who had been a c t i n g  a s  a  c o n s u l t a n t  i n  o p e r a t i o n s  r e s e a r c h  
t o  t h e  Department f o r  some s i x  y e a r s )  t o  rev iew t h e  l i t e r a t u r e  on 
t h e  s u b j e c t .  The r e s u l t  was a  comprehensive work c o m p r i s i n g  15 
e s s a y s  on v a r i o u s  a s p e c t s  o f  p r imary  h e a l t h  c a r e ,  i n c l u d i n g  a s -  
s e s s m e n t s  o f  and q u o t a t i o n s  from some 400 books,  p a p e r s ,  and 
r e p o r t s .  T h i s  work r e c e i v e d  much p r a i s e  f rom w i t h i n  t h e  Depart -  
ment,  and  toward t h e  e n d  o f  1976, it was p u b l i s h e d  by H e r  M a j e s t y ' s  
S t a t i o n e r y  O f f i c e  [ 3 ] .  F i r s t  r e v i e w s ,  n o t a b l y  i n  T h e  L a n c e t ,  
have been e n t h u s i a s t i c ,  and  t h e  book s e e m s  l i k e l y  t o  become a  
s t a n d a r d  work on  t h e  s u b j e c t .  

P l a n n i n g  H e a l t h  S e r v i c e s  

The Ba lance  o f  Care  S tudy  

T h i s  s t u d y  rev iewed  t h e  D e p a r t m e n t ' s  i n t e r d e p e n d e n t  a c t i v i -  
t ies  i n  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) and e x p l o r e d  
t h e  consequences  o f  d i f f e r e n t  p o l i c i e s  s o  t h a t  v a r i o u s  p o l i c y  
o p t i o n s  c o u l d  be e v a l u a t e d .  S p e c i f i c a l l y ,  t h i s  meant examin ing  
what  e f f e c t  changing  t h e  b a l a n c e  o f  c a r e  b o t h  between and  w i t h i n  
h o s p i t a l  and community-based s e r v i c e s  would have on r e s o u r c e s  
a c r o s s  t h e  whole r a n g e  o f  HPSS. 

The main produce o f  t h e  s t u d y  was a  macro model ,  which was 
used  t o  i n v e s t i g a t e  d i f f e r e n t  p a t t e r n s  o f  h e a l t h  c a r e  w i t h i n  
r e s o u r c e  and f i n a n c i a l  c o n s t r a i n t s .  The d a t a  f o r  t h e  model were 
o b t a i n e d  i n  a  number o f  ways: from a  s e a r c h  o f  t h e  l i t e r a t u r e ,  
f rom p r o f e s s i o n a l  a d v i c e  w i t h i n  t h e  Department ,  and from c o l l a b o -  
r a t i o n  w i t h  f i e l d  r e s e a r c h e r s .  



I t  must  be emphasized t h a t  t h i s  model aims o n l y  t o  i l l u s t r a t e  
t h e  consequences  o f  p o l i c y  d e c i s i o n s ,  n o t  t o  make t h o s e  d e c i s i o n s .  
The way i n  which t h e  model e x p l o r e s  o p t i o n s  f o r  p a t t e r n s  o f  c a r e  
i s  d e s c r i b e d  i n  t h e  second s e c t i o n  o f  t h i s  pape r .  

I n  view o f  t h e  a l t e r a t i o n  i n  b a l a n c e  o f  c a r e  mentioned above,  
much a t t e n t i o n  was g i v e n  t o  r e p r e s e n t a t i o n  o f  c h o i c e ,  f o r  each  
p a t i e n t  c a t e g o r y ,  between h o s p i t a l  o r  o t h e r  r e s i d e n t i a l  c a r e  and 
day o r  d o m i c i l i a r y  c a r e .  C a t e g o r i e s  t r e a t e d  comprehensively i n  
t e r m s  o f  number o f  p a t i e n t s  t o  be t r e a t e d  ( i . e . ,  c o v e r ) ,  modes, 
and s t a n d a r d s  were t h e  m e n t a l l y  ill, t h e  m e n t a l l y  handicapped ,  
t h e  e l d e r l y ,  t h e  younger  p h y s i c a l l y  handicapped ,  m a t e r n i t y  c a s e s ,  
and some t y p e s  o f  gyneco log i ca l  and s u r g i c a l  c a s e s .  The remain ing  
p a r t s  o f  HPSS a r e  c u r r e n t l y  r e p r e s e n t e d  o n l y  a t  t h e  a g g r e g a t e  
l e v e l  o f  t h e  Depar tment ' s  Programme Budget.  I t  i s  hoped t o  soon 
t r e a t  i n  g r e a t e r  d e t a i l  p a t i e n t  c a t e g o r i e s  f o r  which s i g n i f i c a n t  
c a r e  a l t e r n a t i v e s  a r e  b e l i e v e d  t o  e x i s t ,  f o r  example, c h i l d r e n  
and a c u t e  medica l  c a s e s .  

The macro model h a s  been used  s e v e r a l  t i m e s  t o  examine t h e  
consequences  o f  p o l i c y  d e c i s i o n s  ba sed  on d a t a  from t h e  Depart-  
menta l  p l ann inq  System. Most r e c e n t l y ,  t h e  model h a s  been ap- - - 
p l i e d  t b  a n a l y s e s  o f  s u c c e s s i v e  d r a f t s - o f  P r i o r i t i e s  f o r  ~ e a i 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  i n  Enqland--A C o n s u l t a t i v e  Document 
[ 4 ] .  Thi s  h a s  c h i e f l y  i nvo lved  s i m u l a t i n g  p l a n n i n g  p r o p o s a l s  i n  
o r d e r  t o  e s t i m a t e  t h e i r  consequences  and e x p l o r i n g   alternative 
s t r a t e g i e s .  The p l ann ing  p r o p o s a l s  have s u p p l i e d  i n fo rma t ion  on 
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 s  and t h e i r  a l l o c a t i o n  among p a t i e n t  
g roups ,  and assumpt ions  have been deduced from t h e  p r o p o s a l s  a b o u t  
t h e  numbers o f  p a t i e n t s  t o  be  t r e a t e d .  The macro model t h e n  shows 
t h e  p robab l e  modes and s t a n d a r d s  of  c a r e  t h a t  w i l l  r e s u l t .  I n  
e x p l o r a t o r y  r u n s ,  t h e  model h a s  been g i v e n  a  l i m i t e d  amount o f  
leeway t o  s u g g e s t  a l t e r n a t i v e  c o s t - e f f e c t i v e  s e t s  o f  r e s o u r c e s  
i n  o r d e r  t o  show t h a t  improvements might  be a t t a i n e d  ( e . g . ,  h i g h e r  
s t a n d a r d s ,  g r e a t e r  cove r ,  lower  c o s t s ) .  

To summarize, t h e  macro model i s  i n t e n d e d  t o  c o n t r i b u t e  t o  
t h e  Depar tmenta l  P l ann ing  System by p r o v i d i n g  a  means o f  t e s t i n g  
a l t e r n a t i v e  p r o p o s a l s  and assumpt ions  when t h e s e  a r e  e x p r e s s e d  
i n  terms o f  c o v e r ,  modes, and s t a n d a r d s  o f  c a r e .  The r e sponse  
o f  t h e  HPSS sys t em t o  change i n  any p a r t  can be  p r e d i c t e d ,  and 
hence p r o p o s a l s  c an  be  modi f ied  and r e t e s t e d  f r e e l y .  The mode l ' s  
f l e x i b i l i t y  makes it a u s e f u l  p l a n n i n g  t o o l ;  i t  is n o t  i n t e n d e d  
a s  a  d e v i c e  f o r  p roduc ing  a  un ique ,  " b e s t "  s o l u t i o n .  The macro 
model d i f f e r s  from t h e  Programme Budget i n  t h a t  it i n c l u d e s  an 
a n a l y s i s  o f  d i f f e r e n t  t y p e s  o f  c a r e  s u i t a b l e  f o r  v a r i o u s  p a t i e n t  
c a t e g o r i e s  which i s  based  on p r o f e s s i o n a l  o p i n i o n  and on t h e  re- 
s u l t s  o f  f i e l d  r e s e a r c h .  The Programme Budget,  on t h e  o t h e r  
hand,  s t a r t s  from t h e  e x i s t i n g  s i t u a t i o n  and examines f e a s i b l e  
developments  from t h i s  i n  o r d e r  t o  de t e rmine  f u t u r e  p r i o r i t i e s .  



C e n t r a l  A n a l y s i s  o f  Regiona l  P l a n s  

The N a t i o n a l  H e a l t h  S e r v i c e  P l a n n i n g  System i s  now o p e r a t i n g  
i n  a c c o r d a n c e  w i t h  a r rangements  d e s c r i b e d  i n  t h e  working manual 
[ 5 ] ,  and t h e  f i r s t  se t  o f  r e g i o n a l  s t r a t e g i c  p l a n s  was due t o  be 
s u b m i t t e d  t o  t h e  Department i n  J a n u a r y  1977.  The Working Group 
on  P l a n n i n g  (WGP) h a s  been c h a r g e d  w i t h  d e v i s i n g  a p p r o p r i a t e  pro-  
c e d u r e s  f o r  DHSS p r o c e s s i n g  o f  NHS p l a n n i n g  s u b m i s s i o n s .  A cen- 
t r a l  a n a l y t i c a l  g roup ,  se t  up under  t h e  c o n t r o l  o f  WGP, h a s  under-  
t a k e n  numeric  a n a l y s i s  o f  t h e  NHS r e g i o n a l  s t r a t e g i c  p l a n s .  ORS, 
a s  a  member o f  t h e  c e n t r a l  a n a l y t i c a l  g roup ,  and i n  c o n j u n c t i o n  
w i t h  t h e  working g r o u p ,  i s  c o n s i d e r i n g  what  s o r t  o f  a n a l y s i s  o f  
p l a n s  is d e s i r a b l e  and e s s e n t i a l  minimal c o n t e n t s  o f  t h e  f i r s t  
p l a n s .  I n i t i a l  i d e a s  a r e  c u r r e n t l y  b e i n g  d i s c u s s e d  w i t h  v a r i o u s  
i n t e r e s t e d  h e a d q u a r t e r s  d i v i s i o n s ,  i n c l u d i n g  p r o f e s s i o n a l  c o l -  
l e a g u e s .  

Guide t o  S e r v i c e  P l a n n i n g  

I n  o r d e r  t o  c a r r y  o u t  one o f  i t s  r o l e s ,  namely t h a t  o f  
p r o v i d i n g  g u i d a n c e  t o  f i e l d  a u t h o r i t i e s  on s e r v i c e  p l a n n i n g  
w i t h i n  t h e  framework o f  t h e  NHS P l a n n i n g  System,  DHSS h a s  es- 
t a b l i s h e d  a  m u l t i - d i s c i p l i n a r y  working g r o u p  c a l l e d  t h e  Guide 
t o  S e r v i c e  P l a n n i n g  Group. ORS i s  r e p r e s e n t e d  i n  t h e  g roup  and 
p a r t i c u l a r l y  c o n t r i b u t e s  a d v i c e  on t e c h n i q u e s  f o r  d e t e r m i n i n g  
and e v a l u a t i n g  p l a n n i n g  o p t i o n s .  ORS i s  a l s o  p r e p a r i n g  a  s e r i e s  
o f  p a p e r s  f o r  t h e  g roup  d e f i n i n g  t h e  r o l e  o f  o p e r a t i o n s  r e s e a r c h  
i n  p l a n n i n g .  These p a p e r s  w i l l  be c o o r d i n a t e d  a t  a  l a t e r  s t a g e  
i n t o  a  form s u i t a b l e  f o r  p u b l i c a t i o n .  

Using t h e  Macro Model f o r  J o i n t  S t r a t e g i c  P l a n n i n g  of  Devon 
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  

The model i s  a l s o  b e i n g  a p p l i e d  a t  a  l o c a l  l e v e l .  Fo l lowing  
a  six-month p i l o t  s t u d y ,  t h e  Devon AHA and t h e  Devon S o c i a l  Ser -  
v i c e s  Department  asked  t h a t  t h e  model be used  t o  a s s i s t  them i n  
t h e i r  j o i n t  p l a n n i n g  a c t i v i t i e s ,  and t h i s  work i s  now underway. 
I n  t h i s  s i t u a t i o n ,  t h e  model w i l l  s u g g e s t  v a r i o u s  o p t i o n s  f o r  t h e  
b e s t  u s e  of  c u r r e n t  r e s o u r c e s  and w i l l  g e n e r a t e  j o i n t  s t r a t e g i c  
p l a n s  w i t h  t h e  c o n s t r a i n t s  o f  f i n a n c e  r e s o u r c e  growth c u t s ,  p r i -  
o r i t y  a r e a s ,  and s o  o n .  T h i s  w i l l  a l l o w  p r o d u c t i o n  o f  a  j o i n t  
HPSS p l a n  t h a t  w i l l  g i v e  t h e  d i s t r i c t  h e a l t h  s e r v i c e s  t h e  gu id-  
a n c e  t h a t  t h e y  need t o  modify s e r v i c e s  a t  t h e  ground l e v e l .  

S i n c e  t h e  work i n  Devon s t a r t e d ,  o t h e r  A H A s  (e .  g . ,  Warwick- 
s h i r e )  a l s o  wish  t o  u s e  t h e  macro model, and work i s  s t a r t i n g  a s  
s t a f f  become a v a i l a b l e .  

Implementa t ion  o f  P l a n s  a t  t h e  D i s t r i c t  Leve l  i n  Devon 

The p r o v i s i o n  of h e a l t h  s e r v i c e s  a t  a  l o c a l  l e v e l  must t a k e  
i n t o  a c c o u n t  l o c a l  l i m i t s  on  c a p i t a l  and revenue  a l l o c a t i o n s .  



O p e r a t i o n s  r e s e a r c h  h a s  h e l p e d  t h e  d i s t r i c t  a d m i n i s t r a t o r s  i n  
t h e  Torbay and  B a r n s t a p l e  h e a l t h  c a r e  d i s t r i c t s  t o  a c h i e v e  t h i s  
w i t h i n  t h e  a r e a  s t r a t e g i c  p l a n .  

O p e r a t i o n s  r e s e a r c h  s t a r t s  w i t h  t h e  b road  a r e a  g u i d e l i n e s  
and ,  b a s e d  on  t h e s e ,  s e a r c h e s  f o r  e f f i c i e n t  o p t i o n s  i n  t h e  u s e  
o f  b u i l d i n g s  and  l o c a t i o n  o f  s e r v i c e s  w i t h i n  l o c a l  revenue  and 
c a p i t a l  c o n s t r a i n t s .  T h i s  p r o c e s s  w i l l  r e s u l t  i n  a  d e t a i l e d  
p l a n  f o r  t h e  development  o f  b u i l d i n g s  and c l o s u r e  p o l i c i e s ,  t o -  
g e t h e r  w i t h  manpower consequences  a t  t h e  d i s t r i c t  l e v e l ,  which 
w i l l  f u l f i l l  t h e  main a ims o f  t h e  a r e a  s t r a t e g i c  p l a n .  

F u t u r e  P r o v i s i o n  o f  H e a l t h  Care  i n  t h e  W i r r a l  AHA 

Upon t h e  commissioning o f  a  new D i s t r i c t  G e n e r a l  H o s p i t a l  
o f  935 beds  a t  Arrowe P a r k ,  t h e  h e a l t h  s e r v i c e s  i n  W i r r a l  were  
l i k e l y  t o  go  g r o s s l y  o u t  o f  b a l a n c e .  The W i r r a l  AHA would have  
a l m o s t  t w i c e  a s  many a c u t e  b u t  less t h a n  h a l f  a s  many nonacu te  
b e d s  a s  t h e  a v e r a g e  a r e a .  Fur thermore ,  a c u t e  p a t i e n t s  i n  t h a t  
a r e a  were s t a y i n g  i n  t h e  h o s p i t a l  f o r  an a v e r a g e  o f  13 days  com- 
p a r e d  w i t h  10 days  n a t i o n a l l y .  And t h e  community h e a l t h  s e r v i c e s  
were s l i g h t l y  under -prov ided .  

Fo l lowing  a  f e a s i b i l i t y  s t u d y ,  ORS s u g g e s t e d  v a r i o u s  s t r a t -  
e g i e s  d e s i g n e d  t o  c o r r e c t  t h e s e  imbalances .  Such s t r a t e g i e s  were 
n o t  o n l y  d e s i g n e d  t o  p r o v i d e  b e t t e r  s e r v i c e s  f o r  t h o s e  p a t i e n t s  
( p a r t i c u l a r l y  t h e  e l d e r l y  and t h e  m e n t a l l y  ill) r e q u i r i n g  com- 
munity  and nonacu te  h e a l t h  s e r v i c e s ,  b u t  would m a i n t a i n  t h e  
e x i s t i n g  l e v e l  o f  a c u t e  t r e a t m e n t  p e r  head o f  p o p u l a t i o n .  The 
l a t t e r  c o u l d  o n l y  b e  a c h i e v e d  w i t h  r a t i o n a l  r e s o u r c e  management. 

A number o f  problems a s s o c i a t e d  w i t h  a c h i e v i n g  t h e  d e s i r e d  
p a t t e r n  o f  s e r v i c e s  were  i d e n t i f i e d  and a  program o f  s t u d i e s  
embrac ing  management problems was drawn up. T h i s  c o v e r e d  such  
problems a s  e s t a b l i s h i n g  an  a r e a - b a s e d  management i n f o r m a t i o n  
s y s t e m ,  a d m i s s i o n  and d i s c h a r g e  p o l i c y  sys tem,  workload s c h e d u l i n g  
o f  a n c i l l a r y  u n i t s ,  and s o  f o r t h .  These s t u d i e s  may form t h e  ba- 
s i s  o f  a  l o n g e r  t e r m  o p e r a t i o n s  r e s e a r c h  p r o j e c t  f o r  t h e  a r e a .  

S i n c e  comple t ion  o f  t h i s  f e a s i b i l i t y  s t u d y ,  r e q u e s t s  have 
been r e c e i v e d  f o r  f u r t h e r  h e l p  o f  t h i s  n a t u r e  f rom t h e  Hampshire 
and  L i v e r p o o l  AHAs. 

H e a l t h  Care  i n  t h e  C a l d e r d a l e  AHA 

The Y o r k s h i r e  RHA a s k e d  f o r  a  s t u d y  o f  h e a l t h  c a r e  i n  
C a l d e r d a l e  AHA w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  Upper C a l d e r  V a l l e y ,  
a  r u r a l  community of  a b o u t  30,000 p e o p l e .  Taking a  f i v e -  t o  
10-year  view,  t h e  f e a s i b i l i t y  s t u d y  c o n s i d e r e d  t h e  b r o a d  o p t i o n s  
a v a i l a b l e ,  i n c l u d i n g  t h e  p r o v i s i o n  o f  a  community h o s p i t a l  i n  t h e  
v a l l e y ,  and  p r o b a b l e  manpower and f i n a n c i a l  c o n s t r a i n t s .  



The c a s e  f o r  t h e  community h o s p i t a l  c o u l d  n o t  be  s u s t a i n e d .  
C o n s i d e r a t i o n  was g i v e n  t o  t h e  l e v e l s  and d i s p o s i t i o n  o f  b o t h  AHA 
and L o c a l  A u t h o r i t y  (LA) r e s o u r c e s  f o r  t h e  main g r o u p s  o f  p a t i e n t s  
( i .  e . ,  t h e  e l d e r l y ,  t h e  i n e n t a l l y  ill) , and t h e s e  were  compared w i t h  
r e g i o n a l  and n a t i o n a l  l e v e l s .  The p rob lem a r e a s  were  h i g h l i g h t e d  
and t e r m s  o f  r e f e r e n c e  and m e t h o d o l o g i e s  w e r e  s u g g e s t e d  f o r  sev-  
e r a l  s t u d i e s  t h a t  migh t  be  u n d e r t a k e n .  

T h i s  work l e d  t o  a  r e q u e s t  f o r  a  s t u d y  from b o t h  t h e  a r e a  
and l o c a l  h e a l t h  a u t h o r i t i e s  on t h e  c a r e  o f  t h e  e l d e r l y  i n  
C a l d e r d a l e .  T h i s  s t u d y ,  which is  now underway, w i l l  s u g g e s t  a  
framework f o r  d i r e c t i n g  s e r v i c e s  t o  t h o s e  most i n  n e e d ,  w i l l  
a s s e s s  t h e  i m p l i c a t i o n s  o f  v a r i o u s  o p t i o n s  w i t h  r e s p e c t  t o  t h e  
b a l a n c e  between s e r v i c e s ,  and w i l l  i n d i c a t e  p o s s i b l e  o p t i o n s  f o r  
e a s i n g  t h e  p r e s s u r e  o n  a c u t e  h o s p i t a l  s e r v i c e s .  

Manpower P l a n n i n g  S t u d i e s  

Manpower and T r a i n i n g  i n  t h e  S o c i a l  S e r v i c e s  

A work ing  p a r t y  was se t  up  t o  i n v e s t i g a t e  t h e  t r a i n i n g  n e e d s  
o f  t h e  p e r s o n a l  s o c i a l  s e r v i c e  o v e r  a  p e r i o d  o f  10 y e a r s  and ,  
p a r t i c u l a r l y ,  t o  c o n s i d e r  t h e  numbers o f  p e o p l e  who migh t  s t u d y  
f o r  t h e  C e r t i f i c a t e  o f  Q u a l i f i c a t i o n  i n  S o c i a l  Work (CQSW) and 
t h e  C e r t i f i c a t e  i n  S o c i a l  S e r v i c e  (CSS).  One o f  t h e  p rob lems  
a n t i c i p a t e d  was t h e  b o t t l e n e c k s ,  i n  manpower and t r a i n i n g  t h a t  
m i g h t  r e s u l t  from growth .  The o p e r a t i o n s  r e s e a r c h  was aimed a t  
c a l c u l a t i n g  t h e  e f f e c t s  o f  f i v e  d i f f e r e n t  growth p a t t e r n s  o v e r  
10 y e a r s ,  i n c l u d i n g  a  z e r o  growth r a t e .  T h i s  would e n a b l e  t h e  
work ing  p a r t y  t o  compare t h e  p r e d i c t e d  numbers o f  s o c i a l  w o r k e r s  
a v a i l a b l e  w i t h  t h e  a n t i c i p a t e d  numbers o f  q u a l i f i e d  s t a f f  needed 
i n  t h e  s o c i a l  s e r v i c e s  a t  t h e  end o f  a  10-year  s p a n  (1984 i n  t h e  
c o n t e x t  o f  t h i s  r e p o r t )  . 

A s i m p l e  computer  program was w r i t t e n  t o  c a l c u l a t e ,  f o r  a  
g i v e n  growth p a t t e r n  i n  t h o s e  e n r o l l e d  i n  CQSW o r  CSS c o u r s e s ,  
t h e  numbers o f  s t a f f  employed by t h e  s o c i a l  s e r v i c e s  up t o  1984. 
The c a l c u l a t i o n s  t o o k  i n t o  a c c o u n t  d i f f e r e n t  w a s t a g e  and r e e n t r y  
r a t e s  i n  v a r i o u s  p a r t s  o f  t h e  s e r v i c e ,  t h o s e  employed p a r t  t i m e ,  
and t h e  f l o w  o f  a l r e a d y  q u a l i f i e d  s t a f f  i n t o  t e a c h i n g  p o s t s  f o r  
t h e  expanded c o u r s e s .  The e f f e c t s  o f  l i k e l y  i n a c c u r a c i e s  i n  t h e  
d a t a  and o f  i g n o r i n g  t h e  age  dependence o f  t h e  w a s t a g e  were  e s t i -  
mated and were  found t o  be o f  l i t t l e  s i g n i f i c a n c e .  

The c o l l e c t i o n  o f  d a t a  f o r  t h e  model was a  problem.  While  
i t  was r e a s o n a b l y  e a s y  t o  d e t e r m i n e  t h e  number o f  q u a l i f i e d  
s t a f f  work ing  i n  v a r i o u s  p a r t s  o f  t h e  s o c i a l  s e r v i c e s ,  i t  was 
v e r y  d i f f i c u l t  t o  o b t a i n  i n f o r m a t i o n  on w a s t a g e  and r e e n t r y  
r a t e s .  N e v e r t h e l e s s ,  a  f a i r l y  c l e a r  p i c t u r e  emerged and i t  was 
p o s s i b l e  t o  p r e d i c t ,  w i t h  a  f a i r  amount o f  c o n f i d e n c e ,  t h e  was t -  
a g e  r a t e s  among q u a l i f i e d  w o r k e r s  up t o  1984. 



Medica l  Manpower P l a n n i n g  (Medica l  S c h o o l s )  

T h i s  s t u d y  was aimed a t  e n a b l i n g  t h e  Department  t o  compare 
t h e  numbers o f  d o c t o r s  needed i n  t h e  f u t u r e  w i t h  t h e  numbers 
t h a t  would b e  produced under  v a r i o u s  c o n d i t i o n s .  

A manpower model was deve loped  t o  p r e d i c t ,  o v e r  a  p e r i o d  o f  
50 y e a r s ,  t h e  e f f e c t s  o f  r e d u c i n g  o r  i n c r e a s i n g  t h e  r a t e s  o f  
b u i l d i n g  new m e d i c a l  s c h o o l s  on numbers o f  d o c t o r s .  The s t u d y  
a l s o  e s t a b l i s h e d  t h e  s e n s i t i v i t y  o f  t h e  e s t i m a t e s  t o  t h e  migra-  
t i o n  o f  B r i t i s h - b o r n  and f o r e i g n  d o c t o r s ,  c h i l d b i r t h  among female  
d o c t o r s ,  p r o p o r t i o n  o f  males  t o  females  i n  new m e d i c a l  s c h o o l  
e n r o l l m e n t s ,  and a v e r a g e  r e t i r e m e n t  age and  was tage  i n  m e d i c a l  
s c h o o l s .  The i m p o r t a n t  f a c t o r s  p roved  t o  be m i g r a t i o n  o f  B r i t i s h -  
born  and f o r e i g n  d o c t o r s  and c h i l d b i r t h  among female  d o c t o r s .  

Nurse Manpower P l a n n i n g  

T h i s  p r o j e c t  was aimed a t  c o n s t r u c t i n g  models  t h a t  would 
r e p r e s e n t  t h e  changes  i n  b o t h  e x i s t i n g  numbers and  f l o w s  o f  
n u r s e s  and would p r o j e c t  t h e s e  numbers i n t o  t h e  f u t u r e ,  t a k i n g  
i n t o  a c c o u n t  b o t h  t r a i n e e  and q u a l i f i e d  n u r s e s .  The c a l c u l a t i o n s  
were performed u n d e r  v a r i o u s  assumpt ions  c o n c e r n i n g  i n t a k e ,  wast-  
a g e ,  a n d  r e q u i r e d  numbers o f  n u r s e s ,  w i t h  t h e  n u r s e s  c l a s s i f i e d  
a s  f o l l o w s :  ( 1 )  t r a i n e e  o r  q u a l i f i e d ,  ( 2 )  q u a l i f i c a t i o n  ( a c t u a l  
o r  i n t e n d e d ) ,  and ( 3 )  s p e c i a l t y .  

E f f i c i e n t  Use o f  Resources  

P r e s c r i b i n g  by G e n e r a l  P r a c t i t i o n e r s  

T h i s  s t u d y  was d i r e c t e d  toward d i s c o v e r i n g  p o s s i b l e  r e a s o n s  
f o r  v a r i a t i o n s  i n  p r e s c r i b i n g  c o s t s ,  i n  t e r m s  o f  t h e  c o s t  p e r  
p a t i e n t  and  t h e  c o s t  p e r  p r e s c r i p t i o n ,  i n  o r d e r  t o  a s s i s t  t h e  
D e p a r t m e n t ' s  m o n i t o r i n g  o f  p r e s c r i b i n g  e x p e n d i t u r e s .  The work 
f o l l o w e d  a  p i l o t  s t u d y  u n d e r t a k e n  i n  1974. T h i s  s t u d y  i n v e s t i -  
g a t e d  r e l a t i o n s h i p s  among s u c h  f a c t o r s  a s  t h e  age / sex  d i s t r i b u -  
t i o n  of  p a t i e n t s  and t h e  GP's l i s t  s i z e  and m o r t a l i t y  o f  p a t i e n t s  
f o r  t h e  t o t a l  p r e s c r i b i n g  e x p e n d i t u r e  o f  t h e  E x e c u t i v e  C o u n c i l s .  

T h i s  s t u d y  was r e c e n t l y  upda ted  f o r  t h e  Family P r a c t i t i o n e r  
Committees.  What e f f e c t  a  GP ' s  a t t e n d a n c e  a t  p o s t g r a d u a t e  t h e r a -  
p e u t i c  c o u r s e s  had on t h e  i n d i v i d u a l  GP's  p r e s c r i b i n g  c o s t s  was 
c o n s i d e r e d ,  a l o n g  w i t h  an  age/sex breakdown o f  t h e  GP ' s  l i s ts .  

F u r t h e r ,  t h e  m o n i t o r i n g  p r o c e d u r e  f o r  GP p r e s c r i b i n g  was 
examined t o  d e t e r m i n e  whe ther  t h e  c o s t  p e r  p r e s c r i p t i o n  would 
be a  more u s e f u l  m o n i t o r i n g  c r i t e r i o n  t h a n  t h e  c u r r e n t l y  used  
c o s t  p e r  p a t i e n t .  F i r s t  i n d i c a t i o n s  were t h a t  t h e  new c r i t e r i o n  
was p o t e n t i a l l y  u s e f u l ,  and t h i s  i s  b e i n g  examined f u r t h e r .  



H o s p i t a l  Bed Usage i n  t h e  Cornwall  AHA 

T h i s  p r o j e c t  r e s u l t e d  f rom a  r e q u e s t  from t h e  Cornwall  
H o s p i t a l  Management Committee f o r  o p e r a t i o n s  r e s e a r c h  h e l p  w i t h  
t h e  problems o f  p a t i e n t  o v e r l o a d s  a t  T r u r o ' s  two c e n t r a l  h o s p i -  
t a l s .  F o r  example,  b o t t l e n e c k s  were o c c u r r i n g  a t  o p e r a t i n g  
t h e a t e r s  owing t o  o v e r b u r d e n i n g  o f  t h e a t e r  s t a f f .  I n i t i a l l y ,  
ORS c o n c e n t r a t e d  on  s u g g e s t i n g  p o s s i b l e  r e a l l o c a t i o n  o f  p a t i e n t s  
t o  p e r i p h e r a l  h o s p i t a l s  and on r e l o c a t i o n  o f  s p e c i a l t i e s  w i t h i n  
t h e  Cornwal l  AHA'S h o s p i t a l s .  These s t u d i e s  l e d  t o  t h e  c o n s i d -  
e r a t i o n  o f  communication between t h e  c e n t r a l  and p e r i p h e r a l  hos- 
p i t a l s ,  and f o r  a  t r i a l  p e r i o d  o f  s i x  months an i n f o r m a t i o n  room 
was se t  up a t  T r e l i s k e  t o  a c t  a s  a  bed bureau .  The i n f o r m a t i o n  
room worked s u c c e s s f u l l y  and r e l i e v e d  p r e s s u r e  a t  t h e  c e n t e r .  

I t  was h e l d  t h a t  f u r t h e r  p r o g r e s s  c o u l d  b e  made o n l y  i f  an 
i n f o r m a t i o n  and i n t e l l i g e n c e  sys tem were i n t r o d u c e d  t o  improve 
t h e  ways i n  which m e d i c a l  n u r s i n g  s t a f f  u s e  h o s p i t a l  r e s o u r c e s .  
T h i s  view r e s u l t e d  from examining t h e  r e q u i r e m e n t s  o f  any admis- 
s i o n s  p o l i c y  f o r  t h e  c e n t r a l  h o s p i t a l s .  Thus a  s y s t e m  was d e v e l -  
oped f o r  c o l l e c t i n g  i n f o r m a t i o n  on p a t i e n t  f l o w s  ( f rom AHA r e t u r n s )  
and on r e s o u r c e  usage ( f rom h o s p i t a l  d a t a ) ,  and a  monthly a n a l y s i s  
o f  t h i s  i n f o r m a t i o n  h e l p e d  r e l i e v e  b o t t l e n e c k s .  

The h y p o t h e s e s  c o n s t r u c t e d  i n  t h e  e n s u i n g  d i s c u s s i o n  f o r  
e x p l o r i n g  r e l a t i o n s h i p s  among d i f f e r e n t  a s p e c t s  o f  t h e  o v e r -  
l o a d i n g  problem have  a l r e a d y  l e d  t o  s i g n i f i c a n t  changes  i n  t h e  
o r g a n i z a t i o n .  The Cornwall  AHA now f e e l s  t h a t  i t s  r e s o u r c e s  
a r e  b e i n g  b e t t e r  u s e d ,  which s u g g e s t s  t h a t  t h e  methods used  i n  
Cornwal l  may be a p p l i c a b l e  more g e n e r a l l y .  

H o s p i t a l  S t o r e s :  S tock  C o n t r o l  

I t  i s  e s t i m a t e d  t h a t  t h e  N a t i o n a l  H e a l t h  S e r v i c e  h o l d s  
a b o u t  £ 4 5  m i l l i o n  i n  t o t a l  s t o c k s  a t  any one t i m e ,  a b o u t  one- 
t h i r d  o f  which i s  i n  h o s p i t a l  s t o r e s .  T h i s  p r o j e c t  was aimed a t  
d e v i s i n g  a  s i m p l e  s t o c k  c o n t r o l  s y s t e m  s o  t h a t  s t o r e s  c o u l d  g i v e  
more r e l i a b l e  and economic s e r v i c e .  The problem was one o f  c o s t -  
e f f e c t i v e n e s s  t o  a c h i e v e  s p e c i f i e d  l e v e l s  o f  s e r v i c e  a t  minimal 
c o s t  . 

The s t a n d a r d  approach  t o  t h i s  problem,  based  on  c a l c u l a t i n g  
s t o c k  r e o r d e r  l e v e l s  and o r d e r  q u a n t i t i e s ,  was u s e d ,  b u t  t o  have 
a p p l i e d  i t  a s  o f t e n  a s  it s h o u l d  be on  e a c h  i t e m  s t o r e d  would 
have i n v o l v e d  c o n s i d e r a b l e  e f f o r t  b o t h  m a t h e m a t i c a l l y  and i n  t h e  
c o l l e c t i o n  o f  d a t a .  F u r t h e r ,  t h e  c o s t  o f  t h e  l a b o r  i n v o l v e d  
p r o b a b l y  would have outweighed any s a v i n g s  a c h i e v e d  i n  h o s p i t a l  
s t o r e s ,  where  most i t e m s  a r e  r e l a t i v e l y  i n e x p e n s i v e .  Consequent ly ,  
most  o f  t h e  r e s e a r c h  c o n c e n t r a t e d  on d e v e l o p i n g  i d e a l  r e o r d e r  
l e v e l s  and o r d e r  q u a n t i t i e s ,  i n  o r d e r  t o  d e v i s e  s i m p l e  r u l e s  f o r  
d e a l i n g  w i t h  s t o c k  c o n t r o l .  I t  was i m p o r t a n t  t o  t es t  t h e  s e n s i -  
t i v i t i e s  o f  t h e  r e o r d e r  l e v e l s  and o r d e r  q u a n t i t i e s  t o  approxima- 
t i o n s  i n  d a t a  and i n  t h e  form o f  c a l c u l a t i o n .  E v e n t u a l l y ,  a  s e t  



o f  r u l e s  was s e l e c t e d  by comparing i t s  r e s u l t s  w i t h  t h o s e  o f  
d e t a i l e d  computer c a l c u l a t i o n s .  A r u l e  o f  thumb was a l s o  de-  
v i s e d  t o  t a k e  i n t o  a c c o u n t  b u l k  p u r c h a s e  d i s c o u n t s .  

The r e s u l t i n g  s t o c k  c o n t r o l  s y s t e m  was t e s t e d  a t  one s t o r e  
i n  e a c h  r e g i o n .  I n i t i a l  m o n i t o r i n g  showed t h a t  t h e  s y s t e m  might  
a c h i e v e  a  revenue s a v i n g s  o f  t h e  o r d e r  o f  £750,000 p e r  annum and 
a  r e d u c t i o n  o f  £ 3  m i l l i o n  i n  c a p i t a l  commitment. The i n i t i a l  
implementa t ion  s a v e d  a b o u t  E50,000 p e r  annum ( a b o u t  5  p e r c e n t  
o f  t h e  p o t e n t i a l ) .  

The e x t e n t  and e f f e c t i v e n e s s  o f  u s e  of  t h e  sys tem i s  p r e s -  
e n t l y  n o t  known, b u t  a  number o f  t h e  new a r e a  s t o r e s  a r e  u s i n g  
i t  and t h e  c u r r e n t  s a v i n g s  i s  p r o b a b l y  between £100,000 and 
£200,000 p e r  annum. D e t a i l e d  a s s e s s m e n t  o f  t h e  s y s t e m ' s  per -  
formance was u n d e r t a k e n  a t  two s t o r e s  i n  1976: s a v i n g s  were 
less t h a n  e x p e c t e d  i n  one c a s e ,  b u t  matched e a r l i e r  o b s e r v a t i o n s  
i n  t h e  o t h e r .  

H o s ~ i t a l  S t o r e s :  C e n t r a l i z a t i o n  

T h i s  s t u d y ,  a g a i n  a  c o s t - e f f e c t i v e n e s s  problem,  was aimed 
a t  d e t e r m i n i n g  what d e g r e e  o f  c e n t r a l i z a t i o n  .of h o s p i t a l  s t o r e s  
would a c h i e v e  t h e  r e q u i r e d  s e r v i c e  a t  t h e  l o w e s t  c o s t .  An i n i t i a l  
s t u d y  s u g g e s t e d  t h a t  c e n t r a l i z a t i o n  of  s t o r e s ,  t o g e t h e r  w i t h  i m -  
p l e m e n t a t i o n  o f  t h e  s t o c k  c o n t r o l  sys tem d e s c r i b e d  i n  t h e  p r e v i o u s  
s e c t i o n ,  i s  u s u a l l y  t h e  most economic p o l i c y .  The o p e r a t i o n s  re- 
s e a r c h  approach  was t o  make a  s t r a i g h t  c o s t  comparison o f  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  i n  an  a r e a .  F i v e  d e g r e e s  o f  c e n t r a l i z a -  
t i o n  were c o n s i d e r e d ,  r a n g i n g  from no c e n t r a l i z a t i o n  a t  a l l  t o  a  
s i n g l e  a r e a  s t o r e ,  and t h e  c a p i t a l  and revenue  c o s t s  o f  t h e s e  
o p t i o n s  were c a l c u l a t e d .  I n  a d d i t i o n ,  s i n c e  c e n t r a l i z a t i o n  of  
s t o r e s  h a s  a d v a n t a g e s  and d i s a d v a n t a g e s  f o r  b o t h  need and  s u p p l i e s  
management, t h e  e f f e c t  o f  c e n t r a l i z a t i o n  on t h e s e  f e a t u r e s  were 
o b s e r v e d .  

The r e l a t i o n s h i p  between s t o r a g e  and some c o s t  e l e m e n t s  was 
i n v e s t i g a t e d  by means o f  c u r v e  f i t t i n g ;  o t h e r  more g e n e r a l  r e l a -  
t i o n s h i p s  were s t u d i e d  on t h e  computer .  A f t e r  t h e  f i r s t  c e n t r a l -  
i z e d  s t o r e s  a r e  se t  up and r u n n i n g  n o r m a l l y ,  a  comparison o f  t h e i r  
pe r formance  w i t h  t h a t  p r e d i c t e d  by t h e  o p e r a t i o n s  r e s e a r c h  model 
w i l l  b e  u s e d  t o  m o n i t o r  t h e  model.  I t  s h o u l d  b e  p o s s i b l e  f o r  t h e  
s y s t e m a t i c  c o s t  comparison method t h a t  w i l l  r e s u l t  from t h e  oper-  
a t i o n s  r e s e a r c h  s t u d y  t o  be implemented by t h e  r e g i o n a l  management 
s e r v i c e s  s t a f f  t h e m s e l v e s ,  w i t h  l i m i t e d  g u i d a n c e .  

By March 1976, 18 s t o r e s  s e r v i n g  whole a r e a s  o r  u n i t s  o f  
s i m i l a r  s i z e  had been e s t a b l i s h e d ,  p r o b a b l y  a c c o u n t i n g  f o r  a b o u t  
o n e - f i f t h  o f  t h e  s t o c k s  o f  g e n e r a l  s u p p l i e s  i n  t h e  U K .  Many o t h e r  
p r o j e c t s  a r e  i n  v a r i o u s  s t a g e s  o f  development .  



H o s p i t a l  L a u n d r i e s :  D i s t r i b u t i o n  and S t o r a g e  o f  C lean  Linen 

An e x a m i n a t i o n  o f  a l t e r n a t i v e  s t r a t e g i e s  f o r  h a n d l i n g  and 
s t o r i n g  f i n i s h e d  work i n  h o s p i t a l  l a u n d r i e s  c o n c l u d e d  t h a t  t h e  
u s e  o f  h i g h - l e v e l  r a c k i n g  and f o r k l i f t  t r u c k s  i s  n o t  w o r t h w h i l e  
e c o n o m i c a l l y .  O t h e r  means o f  r e d u c i n g  t h e  s t o r a g e  a r e a  a r e  t o  
b e  examined.  

Data  g a t h e r e d  f o r  t h e  s t u d y  a l s o  i n d i c a t e d  t h a t  a  p o l i c y  o f  
common usage  o f  l i n e n - - p r o v i d e d  it was a d o p t e d  by a l l  c u s t o m e r s  
o f  a  g i v e n  l aundry- -cou ld  r e d u c e  s t o c k h o l d i n g  and s o r t i n g  c o s t s  
and f a c i l i t a t e  t h e  i n t r o d u c t i o n  o f  " f i x e d  i s s u e "  o r  " d a i l y  q u o t a "  
s y s t e m s  f o r  t h e  r e t u r n  o f  c l e a n  l i n e n  t o  h o s p i t a l s  which s h o u l d  
y i e l d  f u r t h e r  economies .  The s t u d y  a l s o  i n d i c a t e d  t h a t  t h e  
b u i l d i n g  o f  e x t r e m e l y  l a r g e  l a u n d r i e s  ( c a p a b l e  o f  d e a l i n g  w i t h  
more t h a n  250,000 p i e c e s  p e r  week) may n o t  r e s u l t  i n  economies  
o f  s c a l e  s i n c e  a t  t h e s e  s i z e s  t h e  management p rob lems  i n c r e a s e .  
The e f f e c t  on d i s t r i b u t i o n  c o s t s  i s  t o  be  examined,  a s  a r e  a l t e r -  
n a t i v e  forms o f  t r a n s p o r t .  

I t  i s  a n t i c i p a t e d  t h a t  t h e  Advisory  Committee on L a u n d r i e s  
w i l l  a s k  f o r  a n  e x t e n s i o n  o f  t h e  s t u d y  t o  c o v e r  a l t e r n a t i v e  
methods o f  h a n d l i n g  and s o r t i n g  s o i l e d  l i n e n .  

The O r g a n i z a t i o n  o f  Ambulance S e r v i c e s  
w i t h  M e t r o ~ o l i t a n  C o u n t i e s  

T h i s  s t u d y  was c a r r i e d  o u t  i n  1971-72 i n  a n t i c i p a t i o n  o f  
t n e  r e o r g a n i z a t i o n  o f  t h e  NHS. The a im was t o  work o u t  how b e s t  
t o  o r g a n i z e  t h e  ambulance s e r v i c e s  i n  t h o s e  p a r t s  o f  t h e  c o u n t r y  
t h a t  c o r r e s p o n d e d  t o  t h e  p roposed  M e t r o p o l i t a n  C o u n t i e s .  More 
s p e c i f i c a l l y ,  i f  o n e  u n i f i e d  ambulance s e r v i c e  a p p e a r e d  t o  b e  
p r e f e r a b l e ,  how s h o u l d  s u c h  a  s e r v i c e  be  o r g a n i z e d  g i v e n  e x i s t i n g  
r e s o u r c e s ?  I n  a d d i t i o n ,  t h e r e  was t h e  q u e s t i o n  o f  how t o  d i v i d e  
c o s t s  among t h e  c o n s t i t u e n t  AHAs a c c o r d i n g  t o  t h e i r  demand on t h e  
ambulance s e r v i c e .  

The i n i t i a l  s t u d y  was b a s e d  on t h e  p r o p o s e d  W e s t  Midlands  
M e t r o p o l i t a n  County and a  method was deve loped  f o r  e s t i m a t i n g  
t h e  p o t e n t i a l  b e n e f i t s  o f  merg ing  t h e  s e v e n  e x i s t i n g  ambulance 
s e r v i c e s  i n t o  a  M e t r o p o l i t a n  S e r v i c e .  D e t a i l e d  c o s t  and p e r f o r -  
mance f i g u r e s  were  n o t  a v a i l a b l e ,  and s o  it was n o t  p o s s i b l e  t o  
p r e d i c t  w i t h  g r e a t  p r e c i s i o n  t h e  s a v i n g s  t h a t  would a c c r u e  from 
s u c h  a  merger .  However, economies  o f  s c a l e  were i d e n t i f i e d .  I t  
was d e m o n s t r a t e d  t h a t  i n  a  t y p i c a l  M e t r o p o l i t a n  S e r v i c e  revenue  
s a v i n g s  o f  a b o u t  15 t o  35 p e r c e n t  (£250 ,000  t o  £600,000 p e r  annum) 
o f  t h e  t o t a l  c o s t s  c o u l d  b e  made. These s a v i n g s  c h i e f l y  r e s u l t  
f rom b e t t e r  u s e  o f  h i t h e r t o  u n d e r u s e d  r e s o u r c e s .  The s a v i n g s  
t h a t  would a r i s e  from t h e  amalgamat ion o f  c ross -boundary  t r a f f i c ,  
a l t h o u g h  a p p r e c i a b l e ,  p l a y e d  o n l y  a  minor  r o l e  i n  t h e  c a l c u l a t i o n s .  

B e f o r e  NHS r e o r g a n i z a t i o n ,  t h e r e  were n o  n a t i o n a l l y  a c c e p t e d  
s t a n d a r d s  f o r  a n  ambulance s e r v i c e ,  and s o  t h e  s e r v i c e  s t a n d a r d s  



p r o v i d e d  by Birmingham (which were  b e t t e r  t h a n  t h o s e  o f  o t h e r  
e x i s t i n g  s e r v i c e s  i n  t h e  p roposed  M e t r o p o l i t a n  County) were 
assumed f o r  t h e  whole West Midlands M e t r o p o l i t a n  S e r v i c e .  The 
f e e l i n g  was t h a t  s e r v i c e  t o  p a t i e n t s  would improve a s  a  r e s u l t  
o f  implement ing t h e  f i n d i n g s  o f  t h e  s t u d y .  The s t u d y  was sub- 
s e q u e n t l y  e x t e n d e d  t o  c o v e r  o t h e r  p roposed  M e t r o p o l i t a n  S e r v i c e s  
and  f u r t h e r  revenue  s a v i n g s  were d e m o n s t r a t e d  ( e - g . ,  G r e a t e r  
Manchester  a b o u t  E400,000 p e r  annum, Merseys ide  £170,000 p e r  
annurn, South  Y o r k s h i r e  E180,000 p e r  annum) . 

Performance S t a n d a r d s  and Measurements 
i n  t h e  Ambulance S e r v i c e  

With t h e  r e o r g a n i z a t i o n  o f  t h e  N H S ,  t h e  r e s p o n s i b i l i t y  f o r  
ambulance s e r v i c e s  was t o  be t r a n s f e r r e d  from t h e  l o c a l  t o  t h e  
a r e a  h e a l t h  a u t h o r i t i e s ,  and t h e  Department r e c o g n i z e d  t h e  oppor- 
t u n i t y  t h i s  o f f e r e d  t o  d e f i n e  s t a n d a r d s  f o r  ambulance s e r v i c e s .  
The o b j e c t i v e  was b e t t e r  s e r v i c e  f o r  p a t i e n t s  ( o t h e r  t h a n  medica l  
o r  q u a s i - m e d i c a l  s e r v i c e ) ,  u s i n g  e x i s t i n g  r e s o u r c e s ,  t h a n  had 
r e s u l t e d  from t h e  Loca l  A u t h o r i t i e s '  i n d e p e n d e n t  t a r g e t s .  

An o p e r a t i o n s  r e s e a r c h  s t u d y  was u n d e r t a k e n  t o  d e f i n e  l e v e l s  
o f  s e r v i c e  and t o  recommend a p p r o p r i a t e  s t a n d a r d s  o f  ach ievement .  
The management p r i n c i p l e s  n e c e s s a r y  t o  m a i n t a i n  t h e  p roposed  
s t a n d a r d s  o f  s e r v i c e  were i n v e s t i g a t e d  a s  was t h e  r e l a t i o n s h i p  
between r e s o u r c e s  and t h e  l e v e l  o f  s e r v i c e  t o  p a t i e n t s .  

T h i s  was t h e  f i r s t  t i m e  i n  which c r i t e r i a  r e l a t i n g  t o  p a t i e n t  
s e r v i c e  were deve loped  t o  r e p l a c e  c o s t  c r i t e r i a  i n  p l a n n i n g  and 
m o n i t o r i n g  t h e  ambulance s e r v i c e .  The demands p l a c e d  on t h e  ser- 
v i c e  by v a r i o u s  c a t e g o r i e s  o f  p a t i e n t s  were a n a l y z e d  and on t h e  
b a s i s  o f  t h e  r e s u l t s ,  measures  o f  pe r formance  were recommended 
f o r  t h e  main p a t i e n t  c a t e g o r i e s ,  i . e . ,  emergency, u r g e n t ,  and 
nonemergency. The per formance  o f  t h e  ambulance s e r v i c e  was moni- 
t o r e d  t o  show ambulance managers where e f f o r t s  s h o u l d  be concen- 
t r a t e d  t o  improve p a t i e n t  s e r v i c e .  S t a n d a r d  o r  t a r g e t  l e v e l s  o f  
s e r v i c e  had  t o  be a d o p t e d  b e f o r e  per formance  c o u l d  be measured.  
A s  t h e r e  w e r e  g r e a t  d i f f e r e n c e s  i n  t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  
and r e s o u r c e  c a p a b i l i t i e s  o f  t h e  p roposed  M e t r o p o l i t a n  and Area 
S e r v i c e s ,  one  se t  o f  s t a n d a r d s  was recommended f o r  e a c h .  

F i e l d  t r i a l s  w e r e  conduc ted  i n  o r d e r  t o  e s t a b l i s h  a  p r a c t i c a l  
s y s t e m  o f  m o n i t o r i n g .  The 12 ambulance s e r v i c e s  s e l e c t e d  f o r  t h e  
t r i a l s  were  g rouped  g e o g r a p h i c a l l y  a c c o r d i n g  t o  t h e  p roposed  re- 
o r g a n i z e d  s e r v i c e s .  The f i e l d  t r i a l s  were  d e s i g n e d  t o  i n v e s t i g a t e  
p r a c t i c a l  methods o f  m o n i t o r i n g  performance a g a i n s t  d e f i n e d  s t a n -  
d a r d s  i n  such  a  way a s  t o  n o t  d i s r u p t  t h e  normal r u n n i n g  o f  t h e  
Area ambulance s e r v i c e s ,  and t o  a v o i d  i n t r o d u c i n g  an  e x c e s s i v e  
c l e r i c a l  work load .  

The new s t a n d a r d s  have  p r o v i d e d  t h e  AHAs a  means o f  a s s e s s i n g  
f u t u r e  changes  i n  t h e  s y s t e m .  Ambulance s t u d i e s  b a s e d  on t h e  
s t a n d a r d s  a r e  b e i n g  u n d e r t a k e n  t o  improve t h e  s e r v i c e s  i n  some 
o f  t h e  AHAs. Some 20 s t u d i e s  o f  emergency c o v e r  have  now been 
comple ted  f o r  r u r a l ,  u r b a n ,  and m e t r o p o l i t a n  s e r v i c e s .  



A r t i f i c i a l  L i m b - f i t t i n g  S e r v i c e  

The development  o f  Modular Assembly P r o t h e s e s  (MAPS) p re -  
s e n t e d  v a r i o u s  problems f o r  t h e  a r t i f i c i a l  l i m b - f i t t i n g  s e r v i c e  
( f o r  example ,  t i m e s  o f  r e p a i r  and d e l i v e r y  o f  MAPS a r e  a f f e c t e d  
by t h e  e x t e n t  t o  which MAP assembly  f a c i l i t i e s  a r e  d e c e n t r a l i z e d ) .  
The Disab lement  S e r v i c e s  Branch (DSB) f e l t  t h a t  i f  problems o f  
t h i s  n a t u r e  w e r e  s o l v e d ,  t h e  MAP p r o p o r t i o n  o f  new l o w e r  l i m b  
i s s u e s  (15  p e r c e n t )  c o u l d  b e  i n c r e a s e d .  Thus DSB commissioned 
ORS t o  s t u d y  how t h e  f o l l o w i n g  would a f f e c t  c o s t s  and s t a n d a r d s  
o f  s e r v i c e :  ( 1 )  i n t r o d u c i n g  a  new modular  l e g  s y s t e m  i n  a d d i -  
t i o n  t o  t h e  one a l r e a d y  a v a i l a b l e ,  and ( 2 )  v a r y i n g  t h e  e x t e n t  
o f  c o n t r a c t o r  r e p r e s e n t a t i o n  a t  c e n t e r s .  

F i v e  d i f f e r e n t  o p t i o n s  f o r  combining t h e  modula r  l e g  s y s t e m s  
w e r e  t r e a t e d  i n c l u d i n g  n o t  a c c e p t i n g  t h e  new s y s t e m ,  abandoning  
t h e  o l d  s y s t e m ,  and implement ing  b o t h  s y s t e m s  s u b j e c t  t o  v a r i o u s  
i n t e r c o m p a t i b i l i t y  r e q u i r e m e n t s .  The c o s t  o f  e a c h  o p t i o n  and t h e  
l e v e l  o f  s e r v i c e  i t  would p r o v i d e  w e r e  a n a l y z e d  s u b j e c t  t o  d i f -  
f e r e n t  sets o f  c o n d i t i o n s .  These c o n d i t i o n s  c o v e r e d  such  f e a -  
t u r e s  a s  d e g r e e  o f  c e n t r a l i z a t i , o n  o f  f a c i l i t i e s  and l e v e l  o f  
t e c h n i c a l  advance  i n  t h e  deve lopment  o f  modular  l i m b s .  The re- 
s u l t s  o f  t h e  s t u d y  showed t h a t  u n d e r  c e r t a i n  o p t i o n s  a  10 t o  15 
p e r c e n t  improvement i n  t h e  l e v e l  o f  s e r v i c e  t o  amputees  c a n  b e  
a c h i e v e d  w i t h  o n l y  an i n s i g n i f i c a n t  i n c r e a s e  i n  c o s t .  The r e l a -  
t i v e  a t t r a c t i v e n e s s  o f  t h e  d i f f e r e n t  o p t i o n s  remained t h e  same 
u n d e r  e a c h  se t  o f  c o n d i t i o n s .  

Four  s y s t e m s  o f  c o n t r a c t o r  r e p r e s e n t a t i o n ,  which c o r r e s p o n d  
t o  d i f f e r e n t  d e g r e e s  o f  r a t i o n a l i z a t i o n ,  w e r e  i n v e s t i g a t e d .  The 
s t u d y  showed t h a t  t h e r e  a r e  i n s i g n i f i c a n t  c o s t  a d v a n t a g e s  and 
s e r v i c e  p e n a l t i e s  i n  u n d e r t a k i n g  any e x t e n s i v e  r a t i o n a l i z a t i o n  
program w i t h  r e s p e c t  t o  c o n t r a c t o r  r e p r e s e n t a t i o n .  

Management o f  120-Bed C l i n i c a l  Nurs ing  U n i t s ,  Wessex 

From 1970 t o  1974, a  l a r g e  r e s e a r c h  program,  funded  by t h e  
Depar tment ,  was c a r r i e d  o u t  i n  Wessex. I t  s t u d i e d  t h e  manage- 
ment o f  120-bed c l i n i c a l  n u r s i n g  u n i t s  i n  p r e p a r a t i o n  f o r  a  move 
i n t o  t h e  new u n i t s  a t  Southampton and B a s i n g s t o k e  i n  1973. T h i s  
program c o v e r e d  many t o p i c s ,  i n c l u d i n g :  

- t h e  p o o l i n g  o f  beds  between c o n s u l t a n t s ,  

- p r o g r e s s i v e  p a t i e n t  c a r e ,  

- n u r s i n g  work load  measurement,  

- p a t i e n t / n u r s e  dependency,  

- t h e  i n t r o d u c t i o n  o f  i n f o r m a t i o n  rooms, 

- s t a f f  and p a t i e n t  a t t i t u d e  s u r v e y s ,  



- r o l e  a n a l y s i s  ( n u r s i n g  o f f i c e r s ) ,  

- some c o s t  s t u d i e s .  

O p e r a t i o n s  r e s e a r c h  p l a y e d  a  major  r o l e  i n  d e v e l o p i n g  a  
management game t o  e x p l o r e  t h e  e f f e c t s  o f  p o o l i n g ,  p r o g r e s s i v e  
p a t i e n t  c a r e ,  and a d m i s s i o n / d i s c h a r g e  p o l i c i e s  f o r  s e v e r a l  
s p e c i a l t i e s ,  i n c l u d i n g  g e n e r a l  m e d i c a l ,  g e n e r a l  s u r g e r y ,  and 
o r t h o p e d i c s ,  and f o r  e x p l o r i n g  t h e  management o f  mixed s p e c i a l t y  
u n i t s  ( f l o o r s ) .  I t  a l s o  p l a y e d  an i n t e g r a l  p a r t  i n  t h e  develop-  
ment o f  a d m i s s i o n / d i s c h a r g e  p o l i c i e s  and i n  s e t t i n g  up t h e  i n -  
f o r m a t i o n  rooms. Much o f  t h e  work was i n c o r p o r a t e d  i n t o  d a i l y  
management p r a c t i c e s  a s  t h e  r e s e a r c h  proceeded  and t h e  v a l u e  o f  
t h e  i n f o r m a t i o n  rooms was amply d e m o n s t r a t e d  i n  t h e  smooth t r a n s -  
f e r  o f  p a t i e n t s  from t h e  o l d  wards  a t  Southampton G e n e r a l  H o s p i t a l  
i n t o  t h e  new 120-bed u n i t s  d u r i n g  1973/74. The c o s t  s t u d i e s  h igh-  
l i g h t e d  t h e  d i f f i c u l t y  o f  a c c u r a t e  ward c o s t i n g  and d i d  n o t  d e t e c t  
any a p p r e c i a b l e  change i n  r u n n i n g  c o s t s  i n  moving from t h e  o l d  
wards  t o  t h e  new " r a c e - t r a c k "  120-bed u n i t s .  The whole f o u r - y e a r  
program o f  work h a s  been d e s c r i b e d  i n  a  r e c e n t  book [ 6 ] .  

A l t e r n a t i v e  D i s t r i c t  Arrangements 

T h i s  s t u d y  was r e q u e s t e d  by a  London AHA i n  which t h e r e  a r e  
f o u r  h e a l t h  d i s t r i c t s  s e r v i n g  t h r e e  l o c a l  a u t h o r i t i e s .  Some c a r e  
is  a l s o  r e c e i v e d  from and p r o v i d e d  t o  n e i g h b o r i n g  h e a l t h  a u t h o r -  
i t i e s .  

The purpose  o f  t h e  s t u d y  was t o  e v a l u a t e  how d i f f e r e n t  
d i s t r i c t  a r rangements  would a f f e c t  p a t i e n t  c a r e ,  t h e  c o s t  o f  
d e l i v e r i n g  c a r e ,  and a d m i n i s t r a t i v e  problems a s s o c i a t e d  w i t h  
t h e  p l a n n i n g  and d e l i v e r y  o f  c a r e  w i t h i n  b o t h  t h e  h e a l t h  and 
l o c a l  government a u t h o r i t i e s .  The r e p e r c u s s i o n s  f o r  t h e  t e a c h i n g  
and r e s e a r c h  r e s p o n s i b i l i t i e s  o f  t h e  AHA were a l s o  a s s e s s e d .  

I t  was shown t h a t  f o r  t h e  same l e v e l s  o f  p a t i e n t  c a r e ,  
d i f f e r e n t  d i s t r i c t  a r rangements  would a f f e c t  t h e  c o s t  o f  s e r v i c e  
d e l i v e r e d  t o  p a t i e n t s  and t h e  convenience  w i t h  which t h e y  c o u l d  
use  some a s p e c t s  o f  t h e  s e r v i c e .  On b a l a n c e ,  i t  showed t h a t  t h e r e  
was no advan tage  i n  c h a n g i n g  t h e  p r e s e n t  a r rangement  o f  h e a l t h  
d i s t r i c t s .  

B u i l d i n g  S t u d i e s  

The S i z e  o f  D i s t r i c t  Genera l  H o s p i t a l s  

The a im o f  t h i s  s t u d y  was t o  e x p l o r e ,  f o r  D i s t r i c t  Genera l  
H o s p i t a l s  ( D G H s ) ,  t h e  r e l a t i o n s h i p s  between s i z e  and c o s t  and 
non-cos t  f e a t u r e s  o f  h o s p i t a l  b u i l d i n g .  A series o f  models was 
c o n s t r u c t e d  t o  show t h e  f i n a n c i a l  consequences - - i . e . ,  c a p i t a l ,  
r evenue  and a c c e s s i b i l i t y  cos t s - -o f  b u i l d i n g  X S s  of  v a r i o u s  
s i z e s  f o r  d i f f e r e n t  demographic l o c a t i o n s .  Four  such  l o c a t i o n s  



were chosen  t o  c o r r e s p o n d  t o  r u r a l ,  u r b a n ,  and  two i n t e r m e d i a t e  
d e n s i t i e s  o f  p o p u l a t i o n ,  d e f i n e d  i n  t e r m s  o f  t h e  p o p u l a t i o n  
f i g u r e s  o f  t y p i c a l  h e a l t h  d i s t r i c t s .  Two d i f f e r e n t  t y p e s  o f  
s e r v i c e s  were c o n s i d e r e d :  ( 1 )  p r o v i d i n g  a l l  b e d s  i n  a  DGH, 
and ( 2 )  a l l o c a t i n g  a b o u t  35 p e r c e n t  o f  t h e  beds  (main ly  t h e  
n o n a c u t e )  t o  p e r i p h e r a l  (community) h o s p i t a l s .  A computer  
c a l c u l a t i o n  gave t h e  c o s t s  o f  t h e s e  v a r i o u s  o p t i o n s .  

T o t a l  c o s t  c u r v e s  were drawn t o  summarize t h e  r e s u l t s  f o r  
e a c h  c a s e .  Each c u r v e  gave an economic s i z e  r a n g e  (ESR) o f  DGH 
s i z e s  ( i n  terms o f  number o f  b e d s )  f o r  which t h e  t o t a l  c o s t  was 
w i t h i n  1  p e r c e n t  o f  t h e  minimum. F o r  t h e  s e r v i c e  i n  which a l l  
beds  were p r o v i d e d  i n  D G H s ,  t h e  ESRs were:  

Type o f  a r e a  Number o f  b e d s  

R u r a l  780-1 300 

I n t e r m e d i a t e  ( 1 )  800-1 300 

I n t e r m e d i a t e  ( 2 )  800-1 300 

Urban 810-1300 

I f  community h o s p i t a l s  a c c o u n t e d  f o r  35 p e r c e n t  o f  t h e  b e d s ,  t h e  
ESRs were:  

Rura l  500-880 

I n t e r m e d i a t e  (1  ) 500-880 

I n t e r m e d i a t e  ( 2 )  580-900 

Urban 640-920 

These f i g u r e s  show t h a t  p r o v i s i o n  o f  b e d s  i n  community h o s p i t a l s  
s u b s t a n t i a l l y  r e d u c e s  t h e  ESR i n  a l l  c a s e s .  

The computer  c a l c u l a t i o n  a l s o  e x p l o r e d  t h e  s e n s i t i v i t i e s  
o f  t h e  c o s t s  t o  such  f a c t o r s  a s  b u i l d i n g  t i m e s ,  d i s c o u n t  r a t e s ,  
l a n d  p u r c h a s i n g  p o l i c i e s ,  and p h a s i n g  o f  b u i l d i n g s .  ( B u i l d i n g  
t i m e s  and p h a s i n g  prompted s e p a r a t e  s t u d i e s ,  d e s c r i b e d  i n  t h e  
n e x t  s e c t i o n . )  Robust  r a n g e s  ( R R s )  o f  h o s p i t a l  s i z e  w e r e  ob- 
t a i n e d ;  t h e s e  r a n g e s  c o n t a i n  a l l  h o s p i t a l s  t h a t  c o s t  w i t h i n  1  
p e r c e n t  o f  t h e  minimum c o s t  when t h e  s e n s i t i v i t y  tests a r e  ap- 
p l i e d .  I f  a l l  b e d s  were  p r o v i d e d  i n  DGHs, t h e  u rban  and r u r a l  
RRs were  1100-1200 and 790-1220, r e s p e c t i v e l y .  I f  35 p e r c e n t  
o f  t h e  b e d s  were i n  community h o s p i t a l s ,  t h e  u rban  and r u r a l  
R R s  were  690-890 and 540-760, r e s p e c t i v e l y .  

S t u d i e s  o f  n o n c o s t  f e a t u r e s  such a s  m e d i c a l  o p i n i o n  on  s i z e  
o f  s p e c i a l t y ,  number o f  c o n s u l t a n t s  p e r  s p e c i a l t y ,  minimum number 
o f  s p e c i a l t i e s  p e r  h o s p i t a l ,  s t a f f  and p a t i e n t  a t t i t u d e s  toward 



h o s p i t a l  s i z e ,  and t h e  e f f e c t  o f  s i z e  o n  i n t e r n a l  communications 
were a l s o  c a r r i e d  o u t .  On t h e  whole ,  t h e  RRs were s t i l l  a c c e p t -  
a b l e  i n  t h e  l i g h t  o f  t h e s e  f a c t o r s .  The q u e s t i o n s  o f  s p e c i a l t y  
s i z e  and number o f  s p e c i a l t i e s  r e s u l t e d  i n  l a r g e r  D G H s  b e i n g  
s u g g e s t e d ,  b u t  some compromise on t h e s e  i s s u e s  seemed t o  b e  
p o s s i b l e .  

The Phas ing  o f  D i s t r i c t  G e n e r a l  H o s p i t a l s  

T h i s  s t u d y  was under taken  t o  d e t e r m i n e  t h e  s i z e s  o f  t h e  
p h a s e s  i n  which D G H s  s h o u l d  be b u i l t .  The c h i e f  f e a t u r e s  ex- 
amined were c o s t  o f  l a n d  and bed usage (number o f  new beds  t i m e s  
l e n g t h  o f  t i m e  f o r  which t h e y  have  been a v a i l a b l e ) .  A model was 
deve loped  f o r  r e l a t i n g  t h e s e  f e a t u r e s  t o  t i m e  o f  b u i l d i n g  f o r  
d i f f e r e n t  p h a s i n g  p o l i c i e s .  

Maximum usage  was o b t a i n e d  i f  t h e  p h a s e s  were made a s  s m a l l  
a s  p o s s i b l e ,  a s  such  p h a s e s  t a k e  less t i m e  t o  b u i l d .  On t h e  
o t h e r  hand,  s m a l l  p h a s e  s i z e s  make b u i l d i n g  more c o s t l y .  A 
c o n t r i b u t i n g  f a c t o r  f o r  b o t h  c a p i t a l  c o s t s  and revenue  c o s t s  was 
o v e r p r o v i s i o n  o f  f a c i l i t i e s  f o r  l a t e r  p h a s e s  when t h e  f i r s t  p h a s e  
i s  b u i l t .  However, s m a l l  p h a s e s  needed t o  be 15 t o  2 0  p e r c e n t  
more e x p e n s i v e  t h a n  a  l a r g e  one t o  o f f s e t  t h e  a d v a n t a g e  o f  maxi- 
mum usage .  A s  a  r e s u l t  o f  t h e  p h a s i n g  s t u d y ,  t h e  r e g i o n s  were 
a d v i s e d  t o  b u i l d  D G H s  i n  a s  s m a l l  u n i t s  a s  were m e d i c a l l y  and 
o p e r a t i o n a l l y  v i a b l e .  

Time and C o s t  Over runs  o f  H o s p i t a l  B u i l d i n g  Schemes 

T h i s  s t u d y  was b a s e d  on h o s p i t a l s  t h a t  c o s t  o v e r  £15 m i l l i o n .  
I n f o r m a t i o n  was needed o n  t h e  e x t e n t  t o  which,  and r e a s o n s  f o r  
which,  h o s p i t a l  b u i l d i n g  schemes exceeded  i n i t i a l  a l l o w a n c e s  o f  
b u i l d i n g  t i m e  and money. Such d a t a  were n e i t h e r  r e a d i l y  a v a i l -  
a b l e  n o r  v e r y  r e l i a b l e .  However, enough d a t a  e x i s t e d  t o  tes t  
s t a t i s t i c a l l y  t h e  e f f e c t s  o f  s t a r t i n g  t i m e s ,  management r e p o r t i n g  
s y s t e m s ,  t y p e s  o f  s i t e ,  s i z e  o f  c o n t r a c t ,  and number o f  v a r i a t i o n s  
made by t h e  a r c h i t e c t  on b u i l d i n g  t i m e  and c o s t  o v e r r u n s .  

From t h e  r e s u l t s ,  it a p p e a r e d  t h a t  t h e  f r e q u e n c y  and e f f i -  
c i e n c y  o f  r e p o r t i n g  t o  managers  was one o f  t h e  c h i e f  f e a t u r e s  i n  
min imiz ing  t i m e  and c o s t  o v e r r u n s .  Hence management i n f o r m a t i o n  
s y s t e m s  must  be  examined c a r e f u l l y  w i t h  a  view t o  improving them. 

Upgrading H o s p i t a l  S tock  

The H o s p i t a l  B u i l d i n g  D i v i s i o n  o f  t h e  DHSS a s k e d  f o r  h e l p  
i n  d e t e r m i n i n g  whether  o r  n o t  i t  would be p r a c t i c a l  f o r  t h e  
Department  t o  p r o v i d e  g u i d a n c e  on t h e  economics  o f  upgrad ing .  
Because o f  t h e  l i m i t e d  r e s o u r c e s  a v a i l a b l e  t o  ORS, t h e  d e t a i l e d  
s t u d y  o f  a c t u a l  schemes was r e s t r i c t e d  t o  n u r s i n g  s e c t i o n s  o n l y  



I t  was shown t h a t  n u r s i n g  s e c t i o n s  o f  o l d  h o s p i t a l s  c o u l d  
b e  upgraded t o  a  s t a n d a r d  e q u i v a l e n t  t o  t h a t  o b t a i n e d  i n  a  new 
h o s p i t a l ,  and o f t e n  a t  a  c o s t  less t h a n  t h a t  of  a  new b u i l d i n g .  
However, t o  a c h i e v e  t h e s e  s t a n d a r d s  and m a i n t a i n  a  n u r s i n g  s e c -  
t i o n  o f  s u f f i c i e n t  s i z e  t o  u s e  n u r s i n g  and o t h e r  s t a f f  economi- 
c a l l y ,  some e x t e n s i o n  o f  t h e  s e c t i o n  i s  o f t e n  r e q u i r e d .  T h i s  
u p g r a d i n g  may o n l y  be  a  p r a c t i c a l  a l t e r n a t i v e  t o  b u i l d i n g  new 
f o r  t h o s e  h o s p i t a l s  i n  which t h e  e x i s t i n g  l a y o u t  l e a v e s  room 
f o r  t h e  n e c e s s a r y  e x t e n s i o n s .  The s t u d y  a l s o  i n d i c a t e d  some 
ways i n  which t h e  Department c o u l d  g i v e  a d d i t i o n a l  g u i d a n c e  t o  
t h e  h e a l t h  a u t h o r i t i e s .  

THE BALANCE OF CARE STUDY 

The ORS Balance  o f  Care  Model, which was r e p o r t e d  i n  d e t a i l  
a t  t h e  March 1977 IIASA workshop and a t  t h e  1975 IIASA Biomedica l  
C o n f e r e n c e  i n  Moscow, is  shown i n  F i g u r e  2 .  

T h i s  model r e p r e s e n t s  a  p a t t e r n  o f  c a r e  d e l i v e r y  i n  t e r m s  
o f  t h r e e  main g r o u p s  o f  v a r i a b l e s .  The f i r s t  i s  c o v e r ,  o r  t h e  
numbers o f  p a t i e n t s  who a c t u a l l y  r e c e i v e  t r e a t m e n t  from t h e  h e a l t h  
s e r v i c e s .  These numbers a r e  b roken  down i n t o  c l i e n t  g r o u p s ,  which 
i n  t u r n  a r e  f u r t h e r  broken down i n t o  c a t e g o r i e s .  The c l i e n t  g roups  

Finance 

nursing 

Normal 
hospital 

Mentally I- 

. 
discharge 

Vl 
surgery 

Services 
31  currently 
in the model 

Client Groups 
6 currently 

in the model 

Categories 
145 currently 
in the model 

Modes 
up to 1 3  for 

each category 

F i g u r e  2 .  S t r u c t u r e  o f  t h e  Ba lance  o f  Care  Model 



c o r r e s p o n d  t o  d i f f e r e n t  p a r t s  o f  t h e  DHSS po l icymaking  o r g a n i z a -  
t i o n ;  f o r  example,  t h e  e l d e r l y  c l i e n t  g roup  is  concerned  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  p o p u l a t i o n  o t h e r  t h a n  t h o s e  who a r e  
a c u t e l y  ill. 

The second  main g roup  o f  v a r i a b l e s  i s  modes, which d e s c r i b e  
t h e  a l t e r n a t i v e  forms of  t r e a t m e n t  o r  c a r e  t h a t  migh t  be a v a i l -  
a b l e  t o  a  p a t i e n t .  For  example,  i n  t h e  c a s e  o f  h e r n i a  r e p a i r  
one  mode of  t r e a t m e n t  c o n s i s t s  o f  a  s t a y  i n  an a c u t e  h o s p i t a l  
i n c l u d i n g  s u r g e r y ,  whereas  a n  a l t e r n a t i v e  mode c o n s i s t s  o f  day 
s u r g e r y  fo l lowed  by n u r s i n g  i n  t h e  p a t i e n t ' s  own home, w i t h o u t  
an  o v e r n i g h t  s t a y  i n  t h e  h o s p i t a l .  

The t h i r d  main g roup  o f  v a r i a b l e s  i s  s t a n d a r d s .  Here we 
a r e  concerned  w i t h  t h e  s t a n d a r d  a s  p e r c e i v e d  by t h e  p a t i e n t ;  
f o r  example,  i n  t h e  c a s e  o f  t h e  h e r n i a  p a t i e n t  i n  t h e  day s u r -  
g e r y  mode t h e  r e l e v a n t  s t a n d a r d  would be t h e  number o f  home n u r s e  
v i s i t s  r e c e i v e d .  

F i g u r e  3 f u r t h e r  d e s c r i b e s  modes and s t a n d a r d s  f o r  one  
p a r t i c u l a r  c a t e g o r y  w i t h i n  t h e  e l d e r l y  c l i e n t  g roup .  A p a r t  
from t h e  i n s t i t u t i o n a l  modes o f  c a r e  ( i n  h o s p i t a l  o r  i n  a  resi- 
d e n t i a l  home) t h e r e  i s  a l s o  a  d o m i c i l i a r y  mode o f  c a r e .  T h i s  
f i g u r e  p r e s e n t s  a  s i m p l i f i e d  v e r s i o n  o f  t h e  model r e p r e s e n t a t i o n .  
I n  t h e  f u l l  model r e p r e s e n t a t i o n ,  t h e r e  is a  wide v a r i e t y  o f  
d o m i c i l i a r y  modes o f  c a r e  t o  r e p r e s e n t  t h e  v a r i e t y  t h a t  can  o c c u r  
i n  r e a l  l i f e .  

The f i r s t  v e r s i o n  o f  t h i s  model was f o r m u l a t e d  i n  t e r m s  o f  
a  l i n e a r  program t o  minimize c o s t  f o r  f i x e d  c o v e r  and s t a n d a r d s .  
S i n c e  t h e n ,  t h e  model h a s  deve loped  c o n s i d e r a b l y .  I n  t h e  v e r s i o n  
w e  a r e  now u s i n g ,  c o v e r ,  s t a n d a r d s ,  and modes a r e  t r e a t e d  a s  
v a r i a b l e s  and t h e  o b j e c t i v e  f u n c t i o n  c o n s i s t s  o f  a  u t i l i t y  func-  
t i o n  ( t e rmed  I n f e r r e d  Wor th) ,  which i s  maximized. A mathemat ica l  
d e s c r i p t i o n  o f  t h i s  f o r m u l a t i o n  is g i v e n  i n  McDonald, Cuddeford,  
and B e a l e  [ 7 ]  and w i l l  n o t  be  r e p e a t e d  h e r e .  I n s t e a d ,  h e r e  i s  a  
r e v i e w  of  some r e c e n t  work ORS h a s  done t o  c a l i b r a t e  t h e  e l a s t i c -  
i t y  p a r a m e t e r s  t h a t  a r e  i n v o l v e d  i n  t h e  I n f e r r e d  Worth f u n c t i o n .  

T h i s  c a l i b r a t i o n  work commenced w i t h  a  l i t e r a t u r e  r e v i e w  by 
O ' N e i l  [8], who had d i s c o v e r e d  t h a t  t h e  l i t e r a t u r e  c o n t a i n e d  v e r y  
l i t t l e  methodology r e l e v a n t  t o  t h e  t a s k  c o n f r o n t i n g  u s .  Accord- 
i n g l y ,  w e  t h e n  deve loped  two of  o u r  own methods.  F o r  t h e  f i r s t  
method, w e  f i r s t  assembled d a t a  d e s c r i b i n g  t h e  a c t u a l  a l l o c a t i o n  
o f  h e a l t h  c a r e  r e s o u r c e s  i n  a  p a s t  y e a r .  Second, u s i n g  t h i s  
d a t a ,  w e  d e f i n e d  c o n s t r a i n t s  on t h e  model which d e s c r i b e d  t h e  
a l l o c a t i o n  o f  r e s o u r c e s  among c l i e n t  g roups  i n  t h a t  y e a r .  T h i r d ,  
w e  r a n  t h e  model under  assumpt ions  a p p r o p r i a t e  f o r  t h a t  y e a r  and 
we o b s e r v e d  t h e  r e l a t i v e  s i z e s  o f  t h e  shadow p r i c e s  f o r  t h o s e  
c o n s t r a i n t s  t h a t  w e  o b t a i n e d  i n  t h e  o p t i m a l  s o l u t i o n .  F o u r t h ,  
w e  a d j u s t e d  t h e  e l a s t i c i t y  p a r a m e t e r s  o f  t h e  o b j e c t i v e  f u n c t i o n  
i n  such  a  way a s  t o  t e n d  t o  e q u a l i z e  t h e s e  shadow p r i c e s .  F i f t h ,  
u s i n g  a  s p e c i a l l y  c o n s t r u c t e d  a l g o r i t h m ,  w e  r e p e a t e d  t h e  t h i r d  
and f o u r t h  s t a g e s  i t e r a t i v e l y  u n t i l  t h e  r e l e v a n t  shadow p r i c e s  
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F i g u r e  3 .  An example o f  modes and s t a n d a r d s  f rom 
t h e  e l d e r l y  c l i e n t  g roup .  

were  a p p r o x i m a t e l y  e q u a l .  I n  t h i s  way, we hoped t o  a c h i e v e  a  
s e t  o f  e l a s t i c i t i e s  t h a t  c o r r e c t l y  e n a b l e s  t h e  model t o  r e p r o -  
duce  t h e  p a s t  a l l o c a t i o n s .  T h i s  method h a s  been d e s c r i b e d  i n  
a  p a p e r  by S u l l i v a n  [ 9 ] .  

U n f o r t u n a t e l y ,  t h i s  method f a i l e d  t o  converge  i n  t h e  re- 
q u i r e d  manner. T h i s  l e d  u s  t o  d e v e l o p  a  second  method, which 
h a s  been d e s c r i b e d  by Coverda le  and Negr ine  [ l o ] .  I n  t h i s  
method t h e  r e p r e s e n t a t i o n  o f  t h e  model is  a v e r a g e d  w i t h i n  c l i e n t  
g roups  i n  a  c e r t a i n  manner. An a n a l y t i c  p r o c e d u r e  i s  t h e n  used  
t o  c a l c u l a t e  t h o s e  e l a s t i c i t i e s  t h a t  produce a  p r e c i s e  f i t  o f  
t h e  model,  s o  a v e r a g e d ,  w i t h  e m p i r i c a l  d a t a .  More s u c c e s s  h a s  
been a c h i e v e d  w i t h  t h i s  second method, and t h e  model now produces  
a  s a t i s f a c t o r y  r e p r e s e n t a t i o n  o f  r e s o u r c e  a l l o c a t i o n  b e h a v i o r  i n  
t h e  N a t i o n a l  H e a l t h  S e r v i c e .  

T h i s  model i s  now b e i n g  u s e d  i n  an i n t e r a c t i v e  and i t e r a t i v e  
manner w i t h  po l icymakers  t o  e x p l o r e  v a r i o u s  i s s u e s .  The model i s  
r u n  and t h e  r e s u l t s  a r e  d i s c u s s e d  w i t h  po l icymakers  who t h e n  re- 
q u e s t  f u r t h e r  r u n s  and s o  on u n t i l  a  model s o l u t i o n  i s  o b t a i n e d  
t h a t  c o r r e s p o n d s  most c l o s e l y  w i t h  a  d e s i r a b l e  p o l i c y  outcome. 

The model i s  c u r r e n t l y  b e i n g  a p p l i e d  i n  t h e  county  o f  Devon, 
which h a s  a  p o p u l a t i o n  o f  a b o u t  1 m i l l i o n .  One o f  t h e  s p e c i a l  
f e a t u r e s  o f  t h i s  a p p l i c a t i o n  i s  t h a t  t h e  model is  b e i n g  used  t o  



a s s i s t  i n  t h e  j o i n t  p l a n n i n g  o f  b o 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  i n  t h e  county .  H e a l t h  and p e r s o n a l  s e r v i c e s  a r e  admin- 
i s t e r e d  s e p a r a t e l y  i n  t h e  Uni ted  Kingdom, which c r e a t e s  s p e c i a l  
problems i n  d e v e l o p i n g  p l a n s  t h a t  a r e  c o n s i s t e n t  between t h e  two 
s e r v i c e s .  

A p p l i c a t i o n  o f  t h e  model i n  Devon c o u l d  p a r t i c u l a r l y  a s s i s t  
i n  t h i s  t a s k .  F i g u r e  4 shows t h a t  t h e  s e n i o r  l e v e l  o f  t h e  p l a n -  
n i n g  f u n c t i o n  i s  c a r r i e d  o u t  by a  J o i n t  Care  P l a n n i n g  Team com- 
p r i s i n g  s e n i o r  o f f i c e r s  from t h e  h e a l t h  a u t h o r i t y  and from t h e  
County S o c i a l  S e r v i c e s  Department .  Beneath them comes t h e  Ba lance  
of Care  Subgroup which compr i ses  members o f  second l i n e  management 
i n  t h e  two s e r v i c e s  and o p e r a t i o n s  r e s e a r c h  s c i e n t i s t s  from ORS 
and  from an  i n s t i t u t e  a t  E x e t e r  U n i v e r s i t y  i n  Devon w i t h  whom ORS 
i s  c o l l a b o r a t i n g .  T h i s  g r o u p  is  r e s p o n s i b l e  f o r  t h e  a n a l y s i s  c a r -  
r i e d  o u t  w i t h  t h e  model.  They i n  t u r n  c a n  c a l l  upon t h e  s e r v i c e s  
o f  t h e  c a r e  g r o u p  l o c a l  a d v i s e r s  who a r e  l e a d i n g  p r o f e s s i o n a l s  
i n  Devon i n  v a r i o u s  b r a n c h e s  o f  t h e  H e a l t h  and S o c i a l  S e r v i c e s .  
These a d v i s e r s  a r e  r e s p o n s i b l e  f o r  s u p p l y i n g  t h e  d e t a i l e d  assump- 
t i o n s  a b o u t  p a t i e n t  c a r e  i n c l u d e d  i n  t h e  model.  I t  i s  wor th  
n o t i n g ,  t h e r e f o r e ,  t h a t  a  g r e a t  d e a l  o f  t r o u b l e  h a s  been t a k e n  
t o  b u i l d  i n t o  t h e  model assumpt ions  a b o u t  t r e a t m e n t  and c a r e  t h a t  
a r e  a p p r o p r i a t e  f o r  Devon and t h a t  may d i f f e r  i n  c e r t a i n  r e s p e c t s  
from t h e  assumpt ions  we a r e  making a t  t h e  n a t i o n a l  l e v e l .  

Area Health Authority - -- - Local Authority 
(social services) 

Senior Management Team 

Other input Balance of Care Subgroup 
of the Joint Care Planning Team Other input 

Balance of Care 
Care Group Project Team 

Advisers 4 (Institute of Biometry 
and Community 
MedicineIDHSS) 

F i g u r e  4 .  O r g a n i z a t i o n  o f  t h e  Devon p r o j e c t .  



J o i n t  p l a n n i n g  o f  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  i s  
r e l a t i v e l y  new i n  t h e  UK and t h e  managers  o f  t h e s e  s e r v i c e s  
have  been e a g e r  t o  u s e  t h e  model.  I t  seems t h a t  t h e r e  i s  no 
o t h e r  p l a n n i n g  d e v i c e  t h a t  p u t s  b o t h  s e r v i c e s  i n t o  t h e  same 
frame o f  r e f e r e n c e ,  and t h e  model h a s  and i s  b e i n g  used  s u c c e s s -  
f u l l y  f o r  t h e  p r o d u c t i o n  o f  j o i n t  p l a n s .  Some o f  t h i s  work i s  
d e s c r i b e d  by Convin and Walker [ I l l .  

MODELING THE PROGRESS OF MALIGNANT DISEASE 

One o f  t h e  problems f a c e d  by p h y s i c i a n s  who a r e  e x p e r i -  
ment ing  w i t h  a l t e r n a t i v e  c a n c e r  t r e a t m e n t  reg imes  i s  t h e  l o n g  
t i m e  r e q u i r e d  f o r  enough p a t i e n t s  t o  p a s s  t h r o u g h  e a c h  regime 
b e f o r e  t h e  r e l a t i v e  e f f i c a c y  o f  t h e  d i f f e r e n t  reg imes  c a n  b e  
a s s e s s e d  by c o n v e n t i o n a l  s t a t i s t i c a l  methods. Accord ing ly ,  we 
have  c o n s t r u c t e d  a  mathemat ica l  model o f  t h e  p r o g r e s s  o f  p a t i e n t s  
s u f f e r i n g  from c e r t a i n  c a n c e r s  which we a r e  u s i n g  t o  a s s i s t  i n  
t h e  e v a l u a t i o n  o f  c l i n i c a l  t r i a l s  i n  a  number o f  h o s p i t a l s  i n  
t h e  UK and i n  t h e  USA. Some o f  t h i s  work i s  d e s c r i b e d  by 
Whitehouse,  J a c k s o n ,  and Aspdeh [ I  21 . 

The models were n o t  b u i l t  w i t h  t h e  i n t e n t i o n  o f  b e i n g  
a p p l i e d  t o  H e a l t h  S e r v i c e  P l a n n i n g .  However, it seems t h a t  
t h i s  work i s  r e l e v a n t  t o  t h e  IIASA model ing schema d e s c r i b e d  
i n  t h e  e a r l i e r  p a p e r  by Venedic tov  and S h i g a n ,  and i n  p a r t i c u -  
l a r  t o  t h e  d i s e a s e  p r e v a l e n c e  submodel t h e y  d e s c r i b e .  Thus o u r  
c a n c e r  model w i l l  n o t  b e  d e s c r i b e d  i n  d e t a i l  b u t  y o u r  a t t e n t i o n  
m e r e l y  drawn t o  t h e  r e f e r e n c e  ment ioned above.  
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ANALYZING DEMANDS FOR MEDICAL CARE BY COMPUTER SIMULATION: 
AN EXAMPLE OF APPLICATION OF A  HEALTH CARE SYSTEMS MODEL 

S. Ka ihara  

PRIMARY COMPONENTS OF HEALTH CARE DEMANDS 

The p r e s e n t  d i f f i c u l t y  i n  i n t e r p r e t i n g  h e a l t h  s t a t i s t i c s  
may s t e m  f rom t h e  f a c t  t h a t  t h e y  r e s u l t  from t h e  i n t e r a c t i o n s  
o f  many f a c t o r s .  For  example ,  t h e  number o f  p a t i e n t s  i s  i n f l u -  
e n c e d  by t h e  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  i n c i d e n c e  r a t e  o f  
d i s e a s e s ,  t h e  a t t i t u d e  o f  consumers  toward  s e e k i n g  m e d i c a l  c a r e ,  
and s o  on.  A c c o r d i n g l y ,  it i s  v e r y  d i f f i c u l t  t o  p r e d i c t  i f  a n  
i n c r e a s e  i n  p a t i e n t s  one  y e a r  w i l l  c o n t i n u e  i n  t h e  f o l l o w i n g  
y e a r .  

Based on t h e s e  c o n s i d e r a t i o n s ,  a  g roup  a t  IIASA h a s  p roposed  
a n  a p p r o a c h  t o  a n a l y s i s  i n  which s t a t i s t i c a l  d a t a  a r e  t r a n s f o r m e d  
i n t o  more e s s e n t i a l  f a c t o r s .  By " e s s e n t i a l  f a c t o r s "  we mean ( 1 )  
t h a t  t h e  f a c t o r s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  h e a l t h  c a r e  sys tem,  
and ( 2 )  t h a t  s e c o n d a r y  e f f e c t s  on  t h e s e  f a c t o r s  a r e  i d e n t i f i e d .  
The f a c t o r s  i d e n t i f i e d  were: p o p u l a t i o n  s t r u c t u r e ,  m o r b i d i t y  
r a t e ,  r e c o v e r y  r a t e ,  d e a t h  r a t e ,  p a t i e n t  r e g i s t r a t i o n  r a t e ,  and 
a w a r e n e s s  r a t e  [ I ] .  With t h e  u s e  o f  s t a t i s t i c a l  d a t a  from J a p a n ,  
we a p p l i e d  t h i s  c o n c e p t  t o  a n  a n a l y s i s  and p r o j e c t i o n  o f  f u t u r e  
m e d i c a l  demands i n  t h a t  c o u n t r y .  

CONCEPT OF A  MODEL 

The f a c t o r s  i d e n t i f i e d  were  f o r m u l a t e d  a s  a  s i m u l a t i o n  model.  
I n  t h i s  model,  t o t a l  p o p u l a t i o n  was d i v i d e d  i n t o  f o u r  g r o u p s :  
( 1 )  t h e  h e a l t h y ,  ( 2 )  t h e  unaware s i c k ,  ( 3 )  t h e  s i c k  w i t h o u t  medi- 
c a l  c a r e ,  and ( 4 )  p a t i e n t s .  Of c o u r s e ,  many f a c t o r s  would i n -  
f l u e n c e  t h e  f l o w s  between t h e s e  f o u r  g r o u p s .  F o r  example ,  v a r i o u s  
i n c i d e n c e s  o f  i l l n e s s e s  would a f f e c t  t h e  f l o w  between t h e  h e a l t h y  
and t h e  unaware s i c k .  Advances i n  s t a n d a r d  o f  l i v i n g  and educa-  
t i o n  would a f f e c t  t h e  f l o w  between t h e  unaware s i c k  and t h e  s i c k  
w i t h o u t  m e d i c a l  c a r e ,  f o r  t h e  more p e o p l e  a r e  e d u c a t e d  m e d i c a l l y ,  
t h e  more t h e y  pay heed  t o  t h e i r  i l l n e s s e s  ( i . e . ,  o u r  awareness  r a t e  
f a c t o r ) .  The s i c k  w i t h o u t  m e d i c a l  c a r e  f l o w  more i n t o  t h e  s i c k  
w i t h  m e d i c a l  c a r e  c a t e g o r y  when t h e y  c a n  o b t a i n  m e d i c a l  c a r e  more 
e a s i l y  ( i . e . ,  o u r  p a t i e n t  r e g i s t r a t i o n  r a t e  f a c t o r ) .  And, o f  
c o u r s e ,  t h e  r a t e  of  m e d i c a l  d i a g n o s i s  and t r e a t m e n t  w i l l  a f f e c t  
t h e  r e t u r n  r a t e  from t h e  p a t i e n t  c a t e g o r y  t o  t h e  h e a l t h y  c a t e g o r y  
( i . e . ,  o u r  r e c o v e r y  r a t e  f a c t o r ) .  Using t h e s e  f a c t o r s ,  we i n t e n d e d  
t o  a t t r i b u t e  t h e  change o f  m e d i c a l  demands t o  t h e  c h a n g e s  o f  f l o w s  
be  tween t h e s e  g r o u p s .  



DATA AND CALCULATION 

The c o n c e p t  o f  t h e  model d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  
was t e s t e d  u s i n g  t h e  J a p a n e s e  h e a l t h  s t a t i s t i c s  d a t a  a t  n a t i o n a l  
l e v e l .  F i g u r e  1  shows t h e  s t r u c t u r e  o f  t h e  s i m u l a t i o n  model used 
f o r  c a l c u l a t i n g  t h e  J a p a n e s e  d a t a  e x c e p t  f o r  some supplementa ry  
f l o w s  and d i f f e r e n t i a t i o n  among a g e  g roups .  The supplementa ry  
f l o w s  were assumed t o  make t h e  c a l c u l a t i o n  more r e a s o n a b l e .  X I ,  
X2, X3, and X4 r e p r e s e n t  t h e  h e a l t h y ,  t h e  unaware s i c k ,  t h e  s i c k  
w i t h o u t  m e d i c a l  c a r e ,  and t h e  p a t i e n t s ,  r e s p e c t i v e l y .  R2, R3, 
R4, and R6 r e p r e s e n t  m o r b i d i t y  r a t e ,  awareness  r a t e ,  p a t i e n t  
r e g i s t r a t i o n  r a t e  and r e c o v e r y  r a t e ,  r e s p e c t i v e l y .  The i n v e r s e  
f l o w  from X2 t o  X I  (R9) means t h e  s i c k  who g e t  w e l l  w i t h o u t  
c o n s u l t i n g  p h y s i c i a n s .  I n  t h i s  model,  e a c h  group  i s  a l s o  d i v i d e d  
i n t o  f o u r  a g e  l e v e l s ;  14 and u n d e r ,  15 t o  44, 45 t o  64,  and o v e r  
65. R7 and R8 r e p r e s e n t  t h e  f l o w s  between t h e s e  a g e  g roups .  
Thus t h e  model i s  made up o f  16 d i f f e r e n t  g r o u p s ,  w i t h  29 f l o w s  
among them. The model i s  t h e n  e x p r e s s e d  by a  set o f  d i f f e r e n t i a l  
e q u a t i o n s .  I f  t h e  r a t e s  a r e  assumed t o  be c o n s t a n t  o v e r  a  y e a r ,  
and i f  t h e  sys tem i s  i n  e q u i l i b r i u m  i n  t h a t  any  l a r g e  changes  
due  t o  e x t e r n a l  c a u s e  do  n o t  t a k e  p l a c e ,  t h i s  e q u a t i o n  can  be 
t r a n s f o r m e d  w i t h  a  set o f  f i r s t  o r d e r  e q u a t i o n s .  

To c a l c u l a t e  t h e  model,  t h e  f o l l o w i n g  s t a t i s t i c a l  v a l u e s  
were u s e d  a s  d i r e c t  i n p u t :  b i r t h  r a t e  f o r  R1 and p o p u l a t i o n  
d a t a  f o r  R7 and R8. The r a t e  o f  s e l e c t i n g  m e d i c a l  c a r e ,  pub- 
l i s h e d  i n  t h e  ' N a t i o n a l  H e a l t h  Survey" was used f o r  c a l c u l a t i n g  
R10. The " P a t i e n t  Survey" was used f o r  c a l c u l a t i n g  X4 and p r e -  
v a l e n c e  r a t e  i n  t h e  " N a t i o n a l  H e a l t h  Survey" f o r  c a l c u l a t i n g  X3. 

F i g u r e  1. S t r u c t u r e  o f  t h e  s i m u l a t i o n  model used f o r  c a l c u l a t i n g  
t h e  J a p a n e s e  d a t a .  



P a t i e n t  r e g i s t r a t i o n  r a t e  (R4) was e s t i m a t e d  from t h e  number o f  
f i r s t  v i s i t s  t o  p h y s i c i a n s  i n  t h e  " P a t i e n t  Survey" ,  w i t h  some 
a d j u s t m e n t  i n  t h e  p r o c e s s  o f  s i m u l a t i o n .  Recovery r a t e  (R5) was 
e s t i m a t e d  from t h e  d a t a  on " D u r a t i o n  o f  I l l n e s s "  i n  t h e  " N a t i o n a l  
H e a l t h  Survey" ,  u s i n g  t h e  f a c t  t h a t  r e c o v e r y  r a t e  i s  r e l a t e d  t o  
t h e  i n v e r s e  o f  d u r a t i o n  o f  i l l n e s s .  

No s t a t i s t i c a l  v a l u e s  a r e  p r e s e n t l y  a v a i l a b l e  f o r  m o r b i d i t y  
r a t e  ( R 2 ) ,  a w a r e n e s s  r a t e  (R3) ,  o r  R9 ( u n c o n s c i o u s  r e c o v e r y  from 
i l l n e s s e s ) .  S i n c e  X I  ( t h e  number o f  h e a l t h y )  and X2 (number o f  
unaware s i c k )  a r e  n o t  known, it i s  n o t  p o s s i b l e  t o  c a l c u l a t e  t h e  
m o r b i d i t y  o r  a w a r e n e s s  r a t e  f rom t h e s e  d a t a ,  e i t h e r .  However, i f  
o n e  o f  above v a l u e s  is  g i v e n ,  t h e  o t h e r  p a r a m e t e r s  c a n  be  c a l c u -  
l a t e d  from t h e  sets o f  e q u a t i o n s .  

I n  t h i s  s t u d y ,  t h e  m o r b i d i t y  r a t e  (R2) was assumed t o  be  
c o n s t a n t  f o r  t h e  p a s t  15 y e a r s ,  and o t h e r  p a r a m e t e r s  were  c a l c u -  
l a t e d  on t h i s  a ssumpt ion .  T h i s  a s s u m p t i o n  may n o t  b e  j u s t i f i e d  
i n  some o t h e r  c o u n t r i e s ,  b u t  i n  J a p a n  c o n s i d e r i n g  s t a n d a r d  o f  
l i v i n g ,  s a n i t a r y  c o n d i t i o n s ,  and n u t r i t i o n ,  it i s  u n l i k e l y  t h a t  
t h e  m o r b i d i t y  r a t e  h a s  changed i n  t h e  p a s t  15  y e a r s .  The c a l c u -  
l a t i o n  was pe r fo rmed  f o r  e a c h  y e a r ,  a s suming  t h a t  t h e  s y s t e m  was 
i n  e q u i l i b r i u m  w i t h i n  t h a t  y e a r .  A f t e r  a l l  p a r a m e t e r s  were  ob- 
t a i n e d  f o r  e a c h  y e a r ,  t h e  t o t a l  model was r u n  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. 

RESULTS OF CALCULATION 

F i g u r e  2  shows t h e  c a l c u l a t e d  r e s u l t s  o f  e s s e n t i a l  f a c t o r s  
f o r  J a p a n .  Note t h a t  t h e  a w a r e n e s s  r a t e  g r a d u a l l y  i n c r e a s e d  from 
1960 t o  1975, which seems t o  be  t h e  c h i e f  c a u s e  o f  t h e  i n c r e a s e  
i n  t h e  p r e v a l e n c e  r a t e  and t o t a l  number o f  p a t i e n t s .  The g r a d u a l  
d e c r e a s e  i n  t h e  r e c o v e r y  r a t e  a l s o  may have c o n t r i b u t e d  t o  t h e  
i n c r e a s e  i n  p a t i e n t s .  The P a t i e n t  r e g i s t r a t i o n  r a t e  g r a d u a l l y  
i n c r e a s e d  u n t i l  t h e  mid 1960s and t h e n  d e c r e a s e d  a g a i n ,  which 
migh t  have  been c a u s e d  by t h e  r e l a t i v e  s h o r t a g e  o f  m e d i c a l  sup- 
p l i e s .  

F u r t h e r  A n a l v s i s  

W e  u s e d  t h e  r e s u l t s  o f  o u r  c a l c u l a t i o n  t o  f u r t h e r  a n a l y z e  
t h e  r e a s o n s  f o r  t h e  i n c r e a s e d  number o f  p a t i e n t s  i n  t h e  p a s t  i n  
J a p a n  (see F i g u r e  3 ) .  I t  i s  w e l l  known i n  J a p a n  t h a t  t h e  number 
o f  p a t i e n t s  i n c r e a s e d  v e r y  r a p i d l y ,  b u t  it h a s  n e v e r  been c l e a r l y  
e s t a b l i s h e d  which f a c t o r s  c o n t r i b u t e d  most t o  t h i s  i n c r e a s e .  
The model was f i r s t  r u n  on t h e  a s s u m p t i o n  t h a t  o n l y  t h e  popu la -  
t i o n  s t r u c t u r e  had changed.  Then one p a r a m e t e r ,  namely t h e  change 
i n  t h e  awareness  r a t e  (CR3) was added ,  f o l l o w e d  by a n o t h e r  param- 
e ter ,  r e c o v e r y  r a t e  (CR5).  The s o l i d  l i n e  shows t h e  r e s u l t  when 
b o t h  p a r a m e t e r  changes  w e r e  i n c l u d e d .  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  t h e  change  i n  p o p u l a t i o n  s t r u c t u r e  d i d  n o t  c o n t r i b u t e  s i g -  
n i f i c a n t l y  t o  t h e  i n c r e a s e  i n  m e d i c a l  demands i n  t h e  p a s t  y e a r s .  
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F i g u r e  2 .  C a l c u l a t e d  r e s u l t s  o f  e s s e n t i a l  f a c t o r s  
f o r  J a p a n ,  1955-1975. 
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On t h e  c o n t r a r y ,  t h e  change i n  t h e  awareness r a t e  (CR3) was most 
remarkable,  and t h i s  was cons ide red  t o  be t h e  main f a c t o r  behind 
t h e  i n c r e a s e d  number of  p a t i e n t s .  Th i s  r e s u l t  can be summarized 
a s  fo l l ows :  The p a s t  i n c r e a s e  i n  t h e  number of  p a t i e n t s  was 
caused c h i e f l y  by an i n c r e a s e  i n  t h e  awareness r a t e ,  t h a t  i s ,  
t h e  r a t e  a t  which t h e  unaware s i c k  g e t  t o  know t h e i r  i l l n e s s e s .  

Es t ima t ing  Fu tu re  Trends i n  Numbers 

On t h e  b a s i s  of  t h i s  model, f u t u r e  t r e n d s  i n  t h e  number of  
p a t i e n t s  were e s t ima ted  (F igure  4 ) .  The f a c t o r s  t h a t  i n f l u e n c e  
demands f o r  medical  c a r e  were i nc luded  one by one. F igu re  4 shows 
t h a t  t h e r e  a r e  now marked d i f f e r e n c e s  t o  p a s t  t r e n d s ,  namely t h a t  
changes i n  popu la t i on  s t r u c t u r e  w i l l  g r e a t l y  a f f e c t  t h e  f u t u r e  
i n c r e a s e  i n  t h e  number o f  p a t i e n t s ,  and t h a t  an i n c r e a s e  i n  t h e  
awareness r a t e  (CR3) w i l l  no l o n g e r  be a  s t r o n g  f a c t o r  ( f o r  fu r -  
t h e r  a n a l y s i s ,  s e e  [ 2 ]  ) .  

SUMMARY 

A method of  ana lyz ing  demands f o r  medica l  c a r e  by computer 
s i m u l a t o r ,  based on a  c a l c u l a t i o n  o f  e s s e n t i a l  h e a l t h  c a r e  param- 
e t e r s ,  was a p p l i e d  t o  Japanese s t a t i s t i c s  a t  t h e  n a t i o n a l  l e v e l .  
Th i s  method showed t h a t  ove r  t h e  p a s t  1 5  y e a r s ,  t h e  awareness 
f a c t o r  was t h e  most impor tan t  f a c t o r  c o n t r i b u t i n g  t o  an i n c r e a s e  
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F i g u r e  4 .  Est imated annual  changes i n  t h e  number of p a t i e n t s ,  
t o  1990 .  



i n  t h e  number of  p a t i e n t s .  However, t h e  model a l s o  showed t h a t  
changes i n  t h e  popu la t i on  s t r u c t u r e  w i l l  be t h e  main cause  o f  
f u t u r e  i n c r e a s e s  i n  t h e  number of  p a t i e n t s .  
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TOWARD A GLOBAL EQUILIBRIUM MODEL 
FOR HEALTH CARE SYSTEMS PLANNING 

J . - M .  Rousseau 

EQUILIBRIUM MODEL 

The c l a s s i c a l  approach  t o  p l a n n i n g  any h e a l t h  c a r e  program 
g e n e r a l l y  p r o c e e d s  a s  f o l l o w s .  F i r s t ,  p l a n n e r s  e v a l u a t e  t h e  
n e e d s  o f  t h e  p o p u l a t i o n  i n  r e l a t i o n  t o  t h e  p roposed  program and 
t h e n  e s t i m a t e  t h e  amount o f  r e s o u r c e s  r e q u i r e d  t o  s a t i s f y  t h o s e  
n e e d s .  An a s s e s s m e n t  o f  t h e  p l a n  i n  t e r m s  o f  h e a l t h  b e n e f i t s  t o  
t h e  p o p u l a t i o n  is g e n e r a l l y  done q u a l i t a t i v e l y  and d e c i s i o n m a k e r s  
r e c e i v e  no h e l p  i n  e v a l u a t i n g  t h e  impac t  o f  a l l o c a t i n g  o n l y  a  
f r a c t i o n  o f  t h e  r e q u i r e d  r e s o u r c e s  ( b e c a u s e  h e  o r  s h e  c a n n o t  
a f f o r d  t h e  t o t a l  p l a n )  t o  t h e  p roposed  program. Moreover,  t h i s  
e s t i m a t i o n  o f  t h e  r e s o u r c e s  needed i s  v a l i d  o n l y  under  t h e  a s -  
sumpt ion  t h a t  t h e  t a r g e t  p o p u l a t i o n  a l o n e  w i l l  have a c c e s s  t o  
t h e  program and w i l l  consume t h e  r e s o u r c e s  o n l y  i n  t h e  amount 
p r o j e c t e d .  

I t  i s  w e l l  known t h a t  t h i s  is  n o t  a lways t h e  c a s e .  G e n e r a l l y ,  
t h e  e n t r a n c e  t o  any h e a l t h  c a r e  program is  t h e  p h y s i c i a n ' s  o f f i c e ,  
and  p h y s i c i a n s  may n o t  have t h e  same p e r c e p t i o n  a s  t h e  p l a n n e r s  
b e c a u s e  t h e y  a r e  s e e k i n g  t h e  w e l l - b e i n g  o f  t h e i r  p a t i e n t s ,  n o t  
o f  t h e  sys tem.  Thus t h e y  w i l l  t h e n  p e r c e i v e  any h e a l t h  c a r e  
program a s  a  s e r v i c e  a v a i l a b l e  t o  t h e  b e n e f i t  o f  t h e i r  p a t i e n t s  
whe ther  o r  n o t  t h e i r  p a t i e n t s  f a l l  i n t o  t h e  p l a n n e r s '  t a r g e t  
p o p u l a t i o n .  Moreover,  a  gap  may a l s o  e x i s t  between t h e  needs  
p e r c e i v e d  by t h e  p l a n n e r s  and t h e  needs  p e r c e i v e d  by t h e  popula-  
t i o n .  Because t h e  a d m i n i s t r a t i o n  o f  t h e  h e a l t h  c a r e  s y s t e m  can- 
n o t  c o n t r o l  t h e  u t i l i z a t i o n  o f  t h e  r e s o u r c e s  it p r o v i d e s ,  t h e  
c l a s s i c a l  p l a n n i n g  approach may n o t  be  v a l i d .  

But ,  t h i s  k i n d  o f  p l a n n i n g  problem i s  n o t  un ique  t o  t h e  
h e a l t h  c a r e  sys tem.  I n  t r a n s p o r t a t i o n ,  f o r  example,  a  r o u t e  
t h a t  was b u i l t  on t h e  b a s i s  o f  t h e  a c t u a l  b e h a v i o r  o f  t h e  popu- 
l a t i o n  t h a t  t r a v e l s  by c a r  may soon have an  unexpec ted  conges-  
t i o n  problem.  P e o p l e  c a n n o t  be f o r c e d  n o r  e x p e c t e d  t o  s e l e c t  
t h e i r  t r a v e l  p l a n s  i n  o r d e r  t o  maximize t h e  e f f i c i e n c y  o f  t h e  
t r a n s p o r t a t i o n  network.  I t  i s  e s s e n t i a l  t h a t  t h i s  f a c t  be  
r e c o g n i z e d  i n  any p l a n n i n g  e f f o r t .  

P l a n n e r s  t e n d  t o  set  up models  t h a t  p r e s c r i b e  how p e o p l e  
s h o u l d  r e a c t  i n  o r d e r  t o  o p t i m i z e  t h e  w e l l - b e i n g  o f  t h e  sys tem 
u n d e r  s t u d y .  What i s  needed i s  a n  approach i n  which one would 
t r y  t o  model how p e o p l e  w o u l d  r e a c t  i f  a  g i v e n  s e r v i c e  ( e . g . ,  
h e a l t h ,  t r a n s p o r t a t i o n )  were p r o v i d e d .  



T h i s  h a s  been  a c h i e v e d  i n  t r a n s p o r t a t i o n  p l a n n i n g .  Very 
a c c u r a t e  models  have been  b u i l t  t o  e v a l u a t e  t h e  t r a f f i c  f l o w  i n  
an u rban  network ( f o r  examples ,  s e e  [ I ] ) .  These  models  u s e  d a t a  
on t h e  o r i g i n s  and d e s t i n a t i o n s  o f  t h e  t r a v e l  demand, assume t h a t  
everybody  s e e k s  t o  t r a v e l  a t  minimum t i m e ,  and r e l a t e  t h e  t i m e  
s p e n t  on a  g i v e n  a r c  t o  i t s  c a p a c i t y  and l e v e l  o f  f low.  The 
s y s t e m  i s  s a i d  t o  be  i n  e q u i l i b r i u m  i f  no change  o f  i t i n e r y  by 
one i n d i v i d u a l  c o u l d  r e s u l t  i n  d e c r e a s e d  t r a v e l  t i m e  f o r  t h a t  
p e r s o n .  These models  a r e  a c t u a l l y  u n d e r  g e n e r a l i z a t i o n  t o  i n -  
c l u d e ,  f o r  example ,  t h e  c h o i c e  t h a t  p a s s e n g e r s  m i g h t  make between 
c a r s  and t h e  t r a n s i t  s y s t e m  [ 2 ]  and t o  t a k e  i n t o  a c c o u n t  t h e  a v a i l  
a b i l i t y  o f  p a r k i n g  s p a c e s  [ 3 ] .  The end-produc t  w i l l  be  an u r b a n  
t r a n s p o r t a t i o n  model t h a t  w i l l  show d e c i s i o n m a k e r s ,  w i t h  t h e i r  
p r i o r i t i e s  and o b j e c t i v e s ,  how a l t e r n a t i v e  p o l i c i e s  m i g h t  a f f e c t  
t h e  t r a n s p o r t a t i o n  sys tem.  The model w i l l  b e  d e s c r i p t i v e  r a t h e r  
t h a n  p r e s c r i p t i v e .  

I n  t h e  h e a l t h  f i e l d ,  McDonald, e t  a l .  [ 4 ]  have deve loped  a  
v e r y  s u c c e s s f u l  model i n  t h i s  d i r e c t i o n  t h a t  i s  b a s e d  on t h e  
p r e m i s e  t h a t  when r e s o u r c e s  a r e  i n c r e a s e d  i n  a h e a l t h  program,  
b o t h  t h e  number o f  p a t i e n t s  and t h e  a v e r a g e  amount o f  r e s o u r c e s  
consumed p e r  p a t i e n t  a r e  i n c r e a s e d .  T h i s  model is  c u r r e n t l y  
u s e d  by t h e  p l a n n i n g  u n i t  o f  t h e  B r i t i s h  H e a l t h  and S o c i a l  
S e c u r i t y  Depar tment .  W e  have t e s t e d  a n  e q u i l i b r i u m  model by 
which  we f o r e c a s t  t h e  r e s u l t i n g  m e d i c a l  p r a c t i c e  g i v e n  an amount 
o f  p h y s i c i a n  r e s o u r c e s  a v a i l a b l e  by  s p e c i a l t y ,  a  number o f  medi- 
c a l  p r o c e d u r e s  t o  be  pe r fo rmed  by c a t e g o r y ,  and an h y p o t h e s i s  on 
t h e  i d e a l  way p h y s i c i a n s  want  t o  p r a c t i c e  m e d i c i n e  [ 5 , 6 ] .  S a t i s -  
f a c t o r y  r e s u l t s  were  o b t a i n e d  w i t h  t h i s  model.  I n  t h i s  p a p e r ,  
we d e s c r i b e  a  g e n e r a l i z a t i o n  o f  t h i s  approach  o r  what  i n  o u r  view 
c o u l d  b e  a n  e q u i l i b r i u m  model f o r  t h e  h e a l t h  c a r e  s y s t e m .  

THE BASIC HYPOTHESES 

We b e l i e v e  t h a t  i n  g e n e r a l  any h e a l t h  c a r e  consumption 
g e n e r a t e s  a  b e n e f i t  i n  t h e  e y e s  o f  t h e  consumer .  M a t h e m a t i c a l l y ,  
we s a y  t h a t  t h e r e  e x i s t s  a  monotone, i n c r e a s i n g  u t i l i t y  f u n c t i o n  
w i t h  d e c r e a s i n g  m a r g i n a l  r e t u r n s  r e l a t i n g  t h e  l e v e l  o f  h e a l t h  
c a r e  consumpt ion  and t h e  p e r c e i v e d  g e n e r a l  w e l l - b e i n g  ( i n c l u d i n g  
h e a l t h  s t a t e s ) .  By s p e a k i n g  o f  p e r c e i v e d  g e n e r a l  w e l l - b e i n g ,  we 
w i s h  t o  o b v i a t e  I l l i c h ' s  p o i n t  o f  v iew [ 7 ]  which a s s e r t s  t h a t  an 
i n c r e a s i n g  h a b i t  o f  h e a l t h  c a r e  consumption i s  n o t  o n l y  a  h e a l t h  
h a z a r d ,  b u t  i t  c r e a t e s  a  dependence on t h e  m e d i c a l  c a r e  s y s t e m  
t h a t  a f f e c t s  human d i g n i t y  and l i b e r t y .  These i d e a s ,  however 
t r u e ,  a r e  n o t  p o l i t i c a l l y  f e a s i b l e  and w i l l  n o t  be  d i s c u s s e d  
h e r e .  

On t h e  o t h e r  hand,  it i s  i n  t h e  i n t e r e s t  o f  a  r e s o u r c e  
( e . g . ,  p h y s i c i a n ,  c l i n i c ,  h o s p i t a l ,  h o s p i t a l  d e p a r t m e n t )  t o  b e  
u t i l i z e d  a t  a c c e p t a b l e  c a p a c i t y .  T h i s  i n c e n t i v e  is  e i t h e r  mone- 
t a r y ,  a s  i n  t h e  c a s e  o f  p h y s i c i a n s  p a i d  f o r  e a c h  p r o c e d u r e  p e r -  
formed,  o r  s e l f - p r e s e r v a t i o n ,  a s  i n  t h e  c a s e  o f  a  h e a l t h  o r g a n i -  
z a t i o n  t h a t  may l o s e  f u n d s  a n d / o r  p e r s o n n e l  i f  n o t  s a t i s f a c t o r i l y  
u t i l i z e d .  



A d i r e c t  c o r o l l a r y  t o  t h e s e  r e l a t i o n s  i s  t h a t  any i n c r e a s e  
i n  r e s o u r c e s  w i l l  g e n e r a t e  an i n c r e a s e  i n  consumption.  Moreover,  
f o r  a l l  p r a c t i c a l  purposes  we mus t  assume t h a t  t h e r e  i s  no s a t u -  
r a t i o n  p o i n t  f o r  h e a l t h  c a r e  demand. Because any h e a l t h  c a r e  
consumption i s  assumed t o  g e n e r a t e  a b e n e f i t ,  it i s  c l e a r  t h a t  
whenever t h i s  b e n e f i t  i s  p e r c e i v e d  a s  g r e a t e r  t h a n  t h e  inconve-  
n i e n c e  t o  s e c u r e  it, a r e s o u r c e  i s  consumed. Because any a d d i t i o n  
t o  a r e s o u r c e  i n c r e a s e s  i t s  a v a i l a b i l i t y ,  t h e  number o f  c u s t o m e r s  
and /or  t h e  q u a n t i t y  o f  r e s o u r c e s  consumed p e r  p e r s o n  i n c r e a s e .  

These f a c t s  c a n  b e  v e r i f i e d  a t  a g e n e r a l  l e v e l .  W e  have 
r e p o r t e d  [ 6 ]  t h a t  we found a d i r e c t  l i n e a r  r e l a t i o n s h i p  between 
t h e  d e n s i t y  o f  p h y s i c i a n s  i n  a d i s t r i c t  and t h e  a v e r a g e  amount 
o f  m e d i c a l  p r o c e d u r e s  performed p e r  r e s i d e n t .  I n  f a c t ,  t h e  
a v e r a g e  income o f  p h y s i c i a n s  ( d i r e c t l y  r e l a t e d  i n  o u r  c a s e  t o  
t h e i r  q u a n t i t y  o f  work) i s  e s s e n t i a l l y  t h e  same w h a t e v e r  t h e  
d e n s i t y  o f  f u l l - t i m e  p h y s i c i a n s  i n  a d i s t r i c t .  

I n  c o n c l u s i o n ,  t h e r e  i s  i n  t h e  h e a l t h  c a r e  s y s t e m  an  e q u i -  
l i b r i u m  between r e s o u r c e s  o f f e r e d  a n d  r e s o u r c e s  consumed. T h i s  
e q u i l i b r i u m  i s  i n f l u e n c e d  b o t h  by r e s o u r c e s  p r o v i d e d  ( e - g . ,  by 
p h y s i c i a n s  w i t h  d i f f e r e n t  ways o f  t r e a t i n g  i l l n e s s )  and  by t h e  
r e s o u r c e s  needed ( e . g . ,  a s  o b j e c t i v e l y  o r  s u b j e c t i v e l y  p e r c e i v e d  
by t h e  p o p u l a t i o n ) .  Some h e a l t h  c a r e  consumption i s  incompres- 
s i b l e  ( e . g . ,  c h i l d b i r t h ,  broken bones )  and r e c e i v e s  h i g h  p r i o r i t y  
t r e a t m e n t .  Other  k i n d s  o f  consumption a r e  i n f l u e n c e d  d i r e c t l y  by 
t h e  a v a i l a b i l i t y  o f  s e r v i c e s  ( e . g . ,  t r e a t m e n t  f o r  a c o l d ,  t i r e d -  
n e s s ) .  W e  t r i e d  t o  model t h i s  e q u i l i b r i u m  i n  o r d e r  t o  h e l p  
p l a n n e r s  a s s e s s  t h e  consequences  o f  a d d i n g  o r  r e d u c i n g  r e s o u r c e s  
when e s t a b l i s h i n g  programs.  

A GLOBAL HEALTH CARE FLOW MODEL 

I n  t h i s  s e c t i o n ,  we d e s c r i b e  t h e  g e n e r a l  framework o f  t h e  
e q u i l i b r i u m  model we p r o p o s e .  Any s p e c i a l  a p p l i c a t i o n  o f  s u c h  
a model t o  a n a t i o n a l  h e a l t h  c a r e  system must  t a k e  i n t o  a c c o u n t  
t h e  a v a i l a b l e  d a t a  and t h e  q u e s t i o n s  and problems t h e  p l a n n e r s  
want  t o  answer .  Our examples  w i l l  b e  drawn from t h e  Quebec 
h e a l t h  c a r e  sys tem.  I n  t h i s  sys tem,  t h e  main p rob lems  r e l a t e  
t o  p l a n n i n g  t h e  development  o f  r e s o u r c e s  on  a d i s t r i c t  b a s i s  i n  
o r d e r  t o  e n s u r e  e q u a l  a c c e s s  t o  q u a l i t y  h e a l t h  c a r e  programs a t  
t h e  l e a s t  c o s t .  

An Overview o f  t h e  Model 

F i g u r e  1 summarizes a framework o f  a n a l y s i s  f o r  s u c h  a 
sys tem.  " I n p u t "  shows t h e  u n i t s  o f  r e s o u r c e s  a v a i l a b l e  p e r  
c a t e g o r y  and s u b c a t e g o r y .  These q u a n t i t i e s  c o u l d  b e  t h e  number 
o f  p h y s i c i a n s  p e r  s p e c i a l t y  a v a i l a b l e  i n  t h e  sys tem under  s t u d y ,  
t h e  number o f  b e d s  a v a i l a b l e  p e r  s u b c a t e g o r y  o f  h o s p i t a l s  o r  f o r  
s e r v i c e s  l i k e  r a d i o l o g y ,  t h e  number o f  machines  o r  t h e  number o f  
t e c h n i c i a n s  a v a i l a b l e .  The u n i t s  a t  t h i s  l e v e l  s h o u l d  c o r r e s p o n d  
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a s  much a s  p o s s i b l e  t o  t h e  u n i t s  used by t h e  p l a n n e r s  and 
d e c i s i o n m a k e r s  i n  e s t a b l i s h i n g  t h e i r  p rograms .  The l e v e l  o f  
d i s a g g r e g a t i o n  o f  t h e  r e s o u r c e s  i s  a g a i n  r e l a t e d  t o  t h e  problem 
s t u d i e d  and t h e  d a t a  a v a i l a b l e .  

These  r e s o u r c e s  a r e  t h e n  a l l o c a t e d  t o  d i f f e r e n t  t y p e s  o f  
h e a l t h  s e r v i c e s .  A t  t h i s  s t e p ,  t h e r e  i s  a n  i n d e p e n d e n t  set  o f  
s e r v i c e s  f o r  e a c h  b r o a d  c a t e g o r y  o f  r e s o u r c e s  ( e . g . ,  p h y s i c i a n s ,  
h o s p i t a l  b e d s ) .  The i n t e r a c t i o n s  among t h e s e  c a t e g o r i e s  is  con- 
s i d e r e d  o n l y  i n  t h e  f o l l o w i n g  s t e p .  These  t y p e s  o f  s e r v i c e s  a r e ,  
f o r  example ,  s p e c i f i c  s u r g e r i e s  o r  g roup  o f  s u r g e r i e s ,  o f f i c e  
v i s i t s ,  c a t e g o r i e s  o f  tests,  bed-days f o r  s p e c i f i c  d i a g n o s e s  o r  
s u r g e r i e s ,  e t c .  

W e  would now e x p e c t  t o  f i n d  a s  t h e  o u t p u t  o f  t h e  model ( a t  
t h e  r i g h t  o f  F i g u r e  1 )  t h e  number o f  p a t i e n t s  t r e a t e d  p e r  c a t e -  
g o r y  and t h e  r e s o u r c e s  t h e y  consume. However, i t  may n o t  be  
p o s s i b l e  t o  a l l o c a t e  c e r t a i n  r e s o u r c e s  t o  s p e c i f i c  c a t e g o r i e s  
o f  p a t i e n t s ,  o r  i n  c e r t a i n  c a s e s  i t  may be d i f f i c u l t  t o  c a l c u l a t e  
t h e  number o f  p a t i e n t s  t r e a t e d  g i v e n  t h e  r e s o u r c e s  a l l o c a t e d  t o  
a  p a t i e n t  c a t e g o r y .  We can  e i t h e r  compute t h e  number o f  s e r v i c e s  
r e n d e r e d  o r ,  f o r  w e l l - i d e n t i f i e d  p a t i e n t  c a t e g o r i e s  o r  packages  
o f  s e r v i c e s ,  we c a n  compute t h e  number o f  p a t i e n t s  t r e a t e d .  For  
t h e  e q u i l i b r i u m  o f  t h e  s y s t e m ,  it i s  i m p o r t a n t  t o  c r e a t e  p a t i e n t  
c a t e g o r i e s  o r  packages  o f  s e r v i c e s  where  t h e r e  i s  a  h i g h  l e v e l  
o f  i n t e r a c t i o n s  among d i f f e r e n t  c a t e g o r i e s  o f  r e s o u r c e s .  F o r  
example ,  s u r g e r y  r e q u i r e s  a n  a p p r o p r i a t e  s u r g e o n  and a  h o s p i t a l  
b e d  i n  a n  a p p r o p r i a t e  h o s p i t a l  f o r  a  c e r t a i n  d u r a t i o n .  On t h e  
o t h e r  hand,  a  number o f  p h y s i c i a n  v i s i t s  and  d i a g n o s t i c  t e s t s  
c o u l d  b e  done w i t h o u t  any  s p e c i f i c  r e l a t i o n  t o  a  p a r t i c u l a r  o r  
w e l l - i d e n t i f i e d  d i s e a s e .  A l s o ,  some t y p e s  o f  h o s p i t a l i z a t i o n  
may n o t  b e  e s s e n t i a l  i n  a l l  c a s e s  and  r e s u l t  from t h e  p h y s i c i a n ' s  
d e c i s i o n  c o u p l e d  w i t h  a v a i l a b l e  b e d s .  I n  t h e  l a t t e r  two c a s e s ,  
i n t e r a c t i o n s  among r e s o u r c e s  a r e  n o t  e s s e n t i a l .  I n  any  g i v e n  
s y s t e m ,  t h e  l e v e l  o f  i n t e r a c t i o n s  t o  c o n s i d e r  w i l l  b e  d i c t a t e d  
b y  t h e  c o n t e x t  o f  u t i l i z a t i o n  o f  t h e  model t o g e t h e r  w i t h  t h e  
c a l i b r a t i o n  tes ts .  The s y s t e m  from i n p u t  t o  o u t p u t  w i l l  b e  
c o n t r o l l e d  by t h e  f u n c t i o n  t o  b e  o p t i m i z e d .  Now we w i l l  de-  
s c r i b e  t h e  t y p e  o f  f u n c t i o n  used  t o  g e n e r a t e  t h e  e q u i l i b r i u m  
s o u g h t .  

The B a s i c  C o s t  F u n c t i o n  

Given a  se t  o f  i n p u t s ,  o u t p u t  i s  found by o p t i m i z i n g  t h e  
c o s t  f u n c t i o n  o f  t h e  d i f f e r e n t  f l o w s  i n  t h e  model.  F o r  e a c h  
p e r t i n e n t  f l o w ,  w e  g e n e r a t e  a  convex c o s t  f u n c t i o n  a s  f o l l o w s .  
We u s e  a  d e s i r e d  v a l u e  (ya )  t h a t  i s  e s t i m a t e d  i n  some c a s e s  from 

t h e  v i e w p o i n t  o f  r e s o u r c e s  and i n  o t h e r s  from t h a t  o f  demand. 
T h i s  f u n c t i o n  s h o u l d  a l s o  have i n c r e a s i n g  m a r g i n a l  c o s t  i n  any  
d i r e c t i o n  away from t h e  d e s i r e d  v a l u e  and s h o u l d  i n c l u d e  a  mech- 
an i sm t o  w e i g h t  e a c h  f low f o r  i t s  t o l e r a n c e  (0,) o f  b e i n g  pushed 

away from i t s  d e s i r e d  v a l u e .  Such a  f u n c t i o n  i s  d e s c r i b e d  i n  



F i g u r e  2 .  A s  we go  a l o n g ,  we i n d i c a t e  p o s s i b l e  ways o f  e s t i m a t i n g  
t h e  v a l u e  o f  ya and a a .  I n  o u r  p r e l i m i n a r y  work, we used  t h e  

f o l l o w i n g  a n a l y t i c a l  form: 

O t h e r  forms,  nonsymmetric f o r  example,  c o u l d  be u s e d .  

The R a t e  o f  U t i l i z a t i o n  o f  Resources  

A s  we s a i d  p r e v i o u s l y ,  t h e r e  a r e  i n c e n t i v e s - - e i t h e r  monetary 
o r  s e l f - p r e s e r v a t i o n - - f o r  u s i n g  e a c h  r e s o u r c e  a t  a  c e r t a i n  l e v e l .  
C e r t a i n  f a c t o r s ,  however,  c o u l d  f o r c e  u s e  o f  a  r e s o u r c e  o v e r  i t s  
d e s i r e d  l e v e l ,  f o r  example,  p r e s s u r e  from an i n c o m p r e s s i b l e  demand 
( e . g . ,  c h i l d b i r t h s ,  broken bones )  o r  p r e s s u r e  from t h e  d e s i r e d  
r a t e  o f  u t i l i z a t i o n  o f  o t h e r  r e s o u r c e s  ( e . g . ,  p r e s s u r e  on h o s p i -  
t a l i z a t i o n  by s u r g e o n s ) .  O t h e r  r e a s o n s  a s  w e l l  c o u l d  f o r c e  a  re- 
s o u r c e  t o  b e  used  u n d e r  i t s  d e s i r e d  l e v e l ,  such  a s  a  l a c k  o f  
demand ( f o r  d e l i v e r y  b e d s ,  f o r  example)  o r  t h e  a b s e n c e  o f  enough 
o t h e r  r e s o u r c e s  t o  g e n e r a t e  t h e  d e s i r e d  consumption.  T h i s  i s  
modeled t h r o u g h  t h e  b a s i c  c o s t  f u n c t i o n .  The d e s i r e d  r a t e  o f  
u t i l i z a t i o n  o f  a  r e s o u r c e  may b e  e s t i m a t e d  from t h e  a v e r a g e  u t i -  
l i z a t i o n  e i t h e r  i n  t h e  whole sys tem o r  i n  a  p a r t  o f  i t  where a  
s a t i s f a c t o r y  ( f o r  t h e  r e s o u r c e )  e q u i l i b r i u m  is  judged t o  have 
been a t t a i n e d .  I n  t u r n ,  t h e  c o e f f i c i e n t  o f  t o l e r a n c e  y  may be a  
e s t i m a t e d  from t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  mean u t i l i z a t i o n  o f  
r e s o u r c e  a  i n  t h e  sys tem.  A t  t h i s  p o i n t ,  t h e  model h a s  a  f low 
o f  r e s o u r c e s  i n  p r o p e r  u n i t s  t o  b e  d i s t r i b u t e d  among t h e  d i f f e r e n t  
t y p e s  o f  s e r v i c e s .  I n  Quebec,  f o r  example,  t h e  d o l l a r  would be 

F i g u r e  2 .  The b a s i c  c o s t  f u n c t i o n .  



used a s  t h e  u n i t  f o r  t h e  m e d i c a l  r e s o u r c e .  I n  o t h e r  s y s t e m s ,  
p h y s i c i a n  t i m e  would b e  more a p p r o p r i a t e .  F o r  t h e  h o s p i t a l  
b e d s  r e s o u r c e ,  t h e  s u g g e s t e d  u n i t  i s  bed-day. 

The D i s t r i b u t i o n  o f  Resources  t o  H e a l t h  S e r v i c e s  

T h i s  s t e p  d e a l s  w i t h  t h e  problem o f  s u b s t i t u t i o n  o r  com- 
p e t i t i o n  among h e a l t h  r e s o u r c e s  t o  r e n d e r  a  g i v e n  s e r v i c e .  F o r  
example,  a  medica l  p r o c e d u r e  such  a s  c h i l d b i r t h ,  h y s t e r e c t o m y ,  o r  
s e t t i n g  a  f r a c t u r e  may b e  performed by any o f  s e v e r a l  s p e c i a l i s t s .  
I n  t h e  same manner, a  p a t i e n t  c o u l d  b e  h o s p i t a l i z e d  e i t h e r  i n  a  
u n i v e r s i t y ,  u l t r a s p e c i a l i z e d ,  s p e c i a l i z e d ,  o r  g e n e r a l  h o s p i t a l ,  
and  i n  some c a s e s  a t  a  c h r o n i c  h o s p i t a l .  F o r  e a c h  h e a l t h  re- 
s o u r c e ,  t h e r e  i s  a  p r e c o n c e i v e d  p a t t e r n  o f  u t i l i z a t i o n  and a  
p e r c e i v e d  r o l e  i n  t h e  h e a l t h  c a r e  sys tem.  T h i s  t endency  i s  a l s o  
modeled t h r o u g h  t h e  b a s i c  c o s t  f u n c t i o n .  F o r  each  f e a s i b l e  a r c  
a  between a  r e s o u r c e  and a  s e r v i c e ,  w e  g e n e r a t e  a  d e s i r e d  v a l u e  
ya and a  t o l e r a n c e  aa ,  b o t h  o f  which a r e  c a l c u l a t e d  from t h e  d a t a  

a v a i l a b l e  i n  t h e  sys tem.  For  o u r  a p p l i c a t i o n  i n  Quebec,  w e  com- 
p u t e d  t h e  a v e r a g e  p r a c t i c e  ( p e r c e n t  o f  e f f o r t s  p e r  t y p e  o f  ser- 
v i c e s )  o f  t h e  p h y s i c i a n s  p e r  s p e c i a l t y  f o r  e a c h  d i s t r i c t ,  and w e  
c a l c u l a t e d  ya and aa  from t h e  mean and s t a n d a r d  d e v i a t i o n  o f  

t h e s e  a v e r a g e s .  

T h i s  p a r t  o f  t h e  sys tem h a s  been t e s t e d  i n  Quebec f o r  medica l  
r e s o u r c e s  w i t h  a  f i x e d  r a t e  o f  u t i l i z a t i o n  and a  f i x e d  l e v e l  o f  
o u t p u t  p e r  s e r v i c e  t y p e .  The r e s u l t s  o b t a i n e d  w e r e  q u i t e  s a t i s -  
f a c t o r y  [5,6]. 

O u a n t i t v  o f  S e r v i c e s  Rendered 

I f  when a p p l y i n g  t h e  model t o  a  p a r t i c u l a r  s i t u a t i o n ,  one  
d o e s  want  t o  c o n s i d e r  t h e  i n t e r a c t i o n s  between medica l  and hos-  
p i t a l  r e s o u r c e s ,  t h e  model can be t e r m i n a t e d  a t  t h i s  s t e p .  Even 
i f  i n t e r a c t i o n s  a r e  c o n s i d e r e d  t h r o u g h  packages  o f  c a r e  o r  c a t e -  
g o r i e s  o f  p a t i e n t s  t r e a t e d ,  o n e  c o u l d  choose  t o  have some o u t p u t s  
o f  t h e  s y s t e m  t h a t  a r e  n o t  c h a n n e l e d  t h r o u g h  t h e s e  packages  o r  
c a t e g o r i e s .  P r e v i o u s l y ,  t h e  c o s t  f u n c t i o n s  i n t r o d u c e d  r e f l e c t e d  
t h e  p r e f e r e n c e s  o f  t h e  r e s o u r c e s ,  whereas  h e r e  t h i s  f u n c t i o n  i s  
d e t e r m i n e d  by t h e  p o p u l a t i o n ' s  d e s i r e  t o  consume. Its s a t i s f a c -  
t o r y  l e v e l  o f  consumption (ya)  f o r  t h e s e  s e r v i c e s  s h o u l d  b e  es t i -  

mated from t h e  d a t a  a v a i l a b l e .  I n  t h e  same manner,  t h e  t o l e r a n c e  
f a c t o r  aa  s h o u l d  q u a n t i f y  t h e  v a r i a b i l i t y  and t h e  r e l a t i v e  capa-  

b i l i t y  o f  t h e  demand t o  a d j u s t  t o  t h e  s u p p l y .  W e  a r e  p r e s e n t l y  
c a l i b r a t i n g  such  a  model w i t h  v a r i a b l e  r a t e s  o f  u t i l i z a t i o n  o f  
t h e  m e d i c a l  s p e c i a l i t i e s  and v a r i a b l e  o u t p u t s  o f  m e d i c a l  s e r v i c e s  
u s i n g  up t o  500 t y p e s  o f  s e r v i c e s  t h a t  r e p r e s e n t  o v e r  90  p e r c e n t  
o f  t h e  t o t a l  consumption o f  t h e  medica l  r e s o u r c e .  W e  w i l l  soon 
be a b l e  t o  r e p o r t  on t h i s  model.  



!lumber o f  P a t i e n t s  T r e a t e d  

I d e a l l y ,  t h i s  s t e p  would be h a n d l e d  s i m i l a r l y  t o  t h e  
p r e v i o u s  one ,  u s i n g  t h e  b a s i c  c o s t  f u n c t i o n  w i t h  ya and  oa 

r e p r e s e n t i n g  t h e  d e s i r e d  number o f  p a t i e n t s  t r e a t e d  t o g e t h e r  
w i t h  a c o e f f i c i e n t  o f  t o l e r a n c e .  However, t h e  f u n c t i o n  r e l a t i n g  
t h e  number o f  p a t i e n t s  t r e a t e d  t o  t h e  q u a n t i t y  o f  r e s o u r c e s  
a t t r i b u t e d  t o  a c a t e g o r y  o f  p a t i e n t s  i s  d i f f i c u l t  t o  e s t i m a t e  
and  c a l i b r a t e .  I n  f a c t ,  an  i n c r e a s e  o f  r e s o u r c e s  f o r  a c a t e g o r y  
o f  p a t i e n t s  may g e n e r a t e  b o t h  new p a t i e n t s  and  an  i n c r e a s e  i n  
r e s o u r c e  consumption.  The a v e r a g e  consumption o f  r e s o u r c e s  p e r  
p a t i e n t  c o u l d  e i t h e r  i n c r e a s e  o r  d e c r e a s e  depending  on  t h e  a v e r -  
a g e  consumption o f  new p a t i e n t s .  

Thus t o  u s e  c a t e g o r i e s  o f  p a t i e n t s  o r  packages  o f  s e r v i c e s  
a s  t h e  m o d e l ' s  o u t p u t  r e q u i r e s  knowing o r  assuming a r e l a t i o n  
between t h e  number o f  p a t i e n t s  and r e s o u r c e s  consumed. Hence 
d e f i n i t i o n  o f  t h e  c a t e g o r i e s  o r  packages  s h o u l d  b e  done c a r e f u l l y  
i n  o r d e r  t o  i n c l u d e  t h e  i n t e r a c t i o n s  t o  b e  modeled b u t  t o  e x c l u d e  
a s  much a s  p o s s i b l e  consumption b e h a v i o r s  h a r d  t o  model.  For  
example,  t h e  package o f  c a r e  f o r  a cho lecys tec tomy ( g a l l b l a d d e r  
o p e r a t i o n )  c o u l d  be d e f i n e d  a s  t h e  m e d i c a l  p r o c e d u r e  and  a f i x e d  
number o f  days  o f  h o s p i t a l i z a t i o n .  Such a d e f i n i t i o n  i s  r e l a -  
t i v e l y  f i x e d  and r e p r e s e n t s  t h e  main i n t e r a c t i o n  between r e s o u r c e s .  
Thus it is  n o t  n e c e s s a r y  t o  add o f f i c e  v i s i t s  and m e d i c a l  tests 
t o  t h i s  package,  a s  t h e y  may v a r y  i n  number and may depend on t h e  
a v a i l a b i l i t y  o f  t h e  r e s o u r c e s  i n  a manner d i f f i c u l t  t o  c a l i b r a t e .  

T h e r e f o r e ,  a t  t h i s  s t e p  d e f i n i t i o n  o f  t h e  model i s  d e l i c a t e ;  
it b a l a n c e s  between i n t r o d u c i n g  t h e  n e c e s s a r y  i n t e r a c t i o n s  and  
t h e  d i f f i c u l t y  i n  r e l a t i n g  p r e c i s e l y  t h e  number o f  p a t i e n t s  t o  
t h e  q u a n t i t y  o f  r e s o u r c e s  consumed. T h i s  b a l a n c e  c a n  be a t t a i n e d  
f o r  any problem o n l y  a f t e r  s e v e r a l  i t e r a t i o n s  o f  c a l i b r a t i o n .  

THE MATHEMATICAL FORMULATION AND SOLUTION APPROACH 

W e  w i l l  u s e  a f low d iagram f o r  p r e s e n t a t i o n  o f  t h i s  model.  
However, t h e  s o l u t i o n  t o  t h i s  model c a n n o t  b e  b a s e d  on a f low 
s t r u c t u r e  b e c a u s e  o f  t h e  l i m i t s  imposed on t h e  s i z e  o f  t h e  prob- 
l e m  t h a t  we c a n  s o l v e .  M a t h e m a t i c a l l y ,  t h e  sys tem i s  w r i t t e n  
a s  t h e  o p t i m i z a t i o n  o f  a n o n l i n e a r  f u n c t i o n  s u b j e c t  o n l y  t o  a 
n o n - n e g a t i v i t y  c o n s t r a i n t  on i t s  v a r i a b l e s .  T h i s  can  b e  a c h i e v e d  
by d e f i n i n g  a v a r i a b l e  f o r  each  p o s s i b l e  p a t h  i n  t h e  f l o w  d iagram 
and by w r i t i n g  t h e  c o s t  f u n c t i o n  i n  t e r m s  o f  t h e s e  v a r i a b l e s .  I f  
t h e  s u b s c r i p t s  r ,  s t  and p r e f e r ,  r e s p e c t i v e l y ,  t o  a g i v e n  r e s o u r c e  
s u b c a t e g o r y ,  a t y p e  o f  s e r v i c e ,  and a p a t i e n t  c a t e g o r y  ( o r  package 
o f  s e r v i c e s )  , t h e  v a r i a b l e s  o f  t h e  sys tem a r e  t h e n :  

Xrs The q u a n t i t y  o f  r e s o u r c e  r a s s i g n e d  t o  t h e  
s e r v i c e  t y p e  s and n o t  f u r t h e r  i d e n t i f i e d  w i t h  
a p a t i e n t  c a t e g o r y  o r  a package o f  s e r v i c e s  

X The q u a n t i t y  o f  r e s o u r c e  r a s s i g n e d  t o  t h e  c a t e -  
rs' gory  o f  p a t i e n t s  p th rough  t h e  s e r v i c e  t y p e  s 



The f o l l o w i n g  sets and c o n s t a n t s  a r e  a l s o  n e c e s s a r y  t o  
d e f i n e  t h e  problem: 

R { r l r  i s  a  r e s o u r c e  s u b c a t e g o r y ]  

S  { s  1s i s  a  s e r v i c e  t y p e }  

P  is  a  p a t i e n t  c a t e g o r y  o r  a  package o f  
s e r v i c e s  1 

Rs { r l r  i s  a  r e s o u r c e  s u b c a t e g o r y  t h a t  can  be 
a s s i g n e d  t o  s e r v i c e  s }  

Sr { S ( S  i s  a  s e r v i c e  t o  which r e s o u r c e  r c a n  be 
a s s i g n e d }  

Ps { p i s  c a n  b e  a s s i g n e d  t o  t h e  p a t i e n t  c a t e g o r y  p} 

S  { s l s  c a n  b e  a s s i g n e d  t o  t h e  p a t i e n t  c a t e g o r y  p} 
P  

Fr The number o f  u n i t s  o f  r e s o u r c e  r a v a i l a b l e  

- 
y r r  (ar) The mean d e s i r e d  l e v e l  o f  u t i l i z a t i o n  (and  c o e f -  

f i c i e n t  o f  t o l e r a n c e )  f o r  one  u n i t  o f  r e s o u r c e  r 
- 
yrS(ars )  The mean d e s i r e d  p r o p o r t i o n  (and  t o l e r a n c e  f a c t o r )  

o f  r e s o u r c e  r a s s i g n e d  t o  s e r v i c e  s 

ys (us )  The amount o f  r e s o u r c e s  a s s i g n e d  t o  s e r v i c e  s 
(and  c o e f f i c i e n t  o f  t o l e r a n c e )  d e s i r e d  by t h e  
p o p u l a t i o n  under  s t u d y .  T h i s  i s  d e f i n e d  f o r  any 
p o r t i o n  o f  a  s e r v i c e  t h a t  i s  n o t  c h a n n e l e d  t o  a  
p a t i e n t  c a t e g o r y .  

y p ( a p )  The number o f  p a t i e n t s  p  t r e a t e d  (and c o e f -  
f i c i e n t  o f  t o l e r a n c e )  d e s i r e d  by t h e  p o p u l a t i o n  
under  s t u d y  

The f o l l o w i n g  v a l u e s  can  b e  c a l c u l a t e d  from t h e  p r e v i o u s  
c o n s t a n t s  and s e t s :  

- - 
yr - Fr yr The d e s i r e d  t o t a l  amount o f  r e s o u r c e  

r t o  be consumed 
- 

a  = Fr u  The c o r r e s p o n d i n g  t o t a l  l e v e l  o f  r r 
t o l e r a n c e  

- - - 
'rs - yrs . Fr . yr The d e s i r e d  t o t a l  amount o f  r e s o u r c e  

r a s s i g n e d  t o  s e r v i c e  s 
- 

Ors  = a  Fr ' Y r  The c o r r e s p o n d i n g  t o t a l  l e v e l  o f  rs 
t o l e r a n c e  



We c a n  a l s o  o b t a i n  t h e  q u a n t i t y  o f  r e s o u r c e  r used :  

t h e  q u a n t i t y  o f  r e s o u r c e  r a s s i g n e d  t o  s e r v i c e  s :  

and t h e  q u a n t i t y  o f  r e s o u r c e s  a s s i g n e d  t o  s e r v i c e  s b u t  n o t  
c h a n n e l e d  t o  a  p a t i e n t  c a t e g o r y :  

Obvious ly  it i s  assumed h e r e  t h a t  t h e  s e r v i c e  t y p e s  a r e  
d e f i n e d  w i t h  r e s p e c t  t o  a  g i v e n  b r o a d  c a t e g o r y  o f  r e s o u r c e s  
( e . g . ,  p h y s i c i a n s ,  h o s p i t a l s )  and t h a t  f o r  any  s ,  a l l  rERs 

a r e  e x p r e s s e d  i n  t h e  same u n i t s .  However, i t  i s  n o t  t h e  c a s e  
f o r  a l l  r e s o u r c e s  r a s s i g n e d  t o  a  c a t e g o r y  o f  p a t i e n t s ;  t h u s  
a  c o r r e s p o n d i n g  q u a n t i t y  Q c a n n o t  b e  c a l c u l a t e d .  

P  

The r e s u l t i n g  o b j e c t i v e  f u n c t i o n  i s  w r i t t e n  a s  f o l l o w s :  

where K R ,  K R S I  KS, and KD a r e  w e i g h t  f a c t o r s ,  t o  b e  c a l i b r a t e d  

f o r  t h e  d i f f e r e n t  t e r m s  i n  t h e  o b j e c t i v e  f u n c t i o n .  The f u n c t i o n  
f  i s  t h e  b a s i c  c o s t  f u n c t i o n  d e s c r i b e d  p r e v i o u s l y  and hD i s  

a  f u n c t i o n  c a l c u l a t i n g  t h e  number o f  p a t i e n t s  t r e a t e d  g i v e n  t h e  
amount o f  r e s o u r c e s  a s s i g n e d  t o  t h e  c a t e g o r y  p .  These f u n c t i o n s  
c o u l d  b e  d e f i n e d  a s  i n  t h e  B r i t i s h  Ba lance  o f  C a r e  Model [ 4 ] .  

For  a  f u n c t i o n  f a s  d e f i n e d  p r e v i o u s l y  and wel l -behaved 
f u n c t i o n s  hp ,  t h i s  o b j e c t i v e  f u n c t i o n  i s  convex .  The o n l y  con- 

s t r a i n t s  c o n s i d e r e d  a r e  t h e  n o n - n e g a t i v i t y  o f  x  and x 
rs r s p '  



Very e f f i c i e n t  a l g o r i t h m s  a r e  a v a i l a b l e  f o r  even  l a r g e  problems 
o f  t h i s  t y p e .  R e c e n t l y ,  s u c h  a n  a l g o r i t h m  was t e s t e d  [8 ]  and 
a p p l i e d  i n  a n o t h e r  c o n t e x t .  A  problem w i t h  6000 v a r i a b l e s  was 
s o l v e d  i n  20 seconds  c e n t r a l  p r o c e s s o r  t i m e  on a  C o n t r o l  Data 
Cyber 173. 

Our model h a s  25 medica l  r e s o u r c e s  and  a p p r o x i m a t e l y  500 
m e d i c a l  s e r v i c e s ,  and it d o e s  n o t  c o n s i d e r  p a t i e n t  c a t e g o r i e s .  
W e  e x p e c t  t h e  r e s u l t i n g  number o f  v a r i a b l e s  t o  be a p p r o x i m a t e l y  
1500. T h i s  model w i l l  b e  c a l i b r a t e d  on t h e  h e a l t h  c a r e  d a t a  o f  
t h e  e n t i r e  Quebec s y s t e m  and on  a  d i s t r i c t  l e v e l .  W e  hope t o  
h e l p  p l a n n e r s  and d e c i s i o n m a k e r s  i n  e s t i m a t i n g  t h e  e f f e c t s  o f  
i n c r e a s i n g  p h y s i c i a n  r e s o u r c e s  p e r  s p e c i a l t y  i n  a  d i s t r i c t .  
When t h i s  p a r t  o f  t h e  s t u d y  i s  comple ted ,  we p l a n  t o  i n c l u d e  
h o s p i t a l  r e s o u r c e s  and  packages  o f  c a r e  f o r  s u r g i c a l  p r o c e d u r e s  
i n  t h e  model.  Other  t y p e s  o f  r e s o u r c e s  w i l l  be  added l a t e r .  

SUMMARY AND CONCLUSION 

A  h e a l t h  c a r e  s y s t e m  model s h o u l d  b e  b a s e d  on t h e  b e h a v i o r  
o f  a c t o r s  w i t h i n  t h e  sys tem,  s i n c e  t h e  p l a n n e r  h a s  no c o n t r o l  
o v e r  u t i l i z a t i o n  o f  t h e  sys tem.  And such  a  model s h o u l d  b e  
d e s c r i p t i v e  r a t h e r  t h a n  p r e s c r i p t i v e ,  b e c a u s e  o f  t h e  s t a t e  o f  
knowledge and k i n d  o f  d e c i s i o n  b e i n g  made. W e  have  deve loped  
a  p o s s i b l e  approach f o r  such  a  model,  and have  p a r t i a l l y  t e s t e d  
i t  on Quebec h e a l t h  c a r e  d a t a .  W e  b e l i e v e  t h a t  t h e  t y p e  o f  
model p roposed  i s  b o t h  a d e q u a t e  and h e l p f u l  t o  t h e  Quebec na- 
t i o n a l  h e a l t h  c a r e  system.  W e  a l s o  b e l i e v e  t h a t  it c o u l d  be 
a d a p t e d  t o  o t h e r  h e a l t h  c a r e  sys tems  e v e n  i f  t h e  d a t a  were n o t  
a s  abundant  a s  i n  Quebec.  
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NATIONAL ASPECTS OF GDR COOPERATION WITH THE 
IIASA HEALTH CARE SYSTEMS MODELING TASK 

K .  S p i e s  

The German Democrat ic  Republ ic  is  f o l l o w i n g  w i t h  i n t e r e s t  
IIASA's work w i t h  t h e  mode l ing  o f  h e a l t h  c a r e  s y s t e m s  which i n  
o u r  o p i n i o n  i s  of  g r e a t  i n t e r n a t i o n a l  s i g n i f i c a n c e .  Modeling 
i s  b e i n g  used  i n c r e a s i n g l y  t o  d e t e r m i n e  how h e a l t h  c a r e  manpower, 
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  can be u s e d  e f f e c t i v e l y ,  and 
a s  a  b a s i s  f o r  h e a l t h  c a r e  d e c i s i o n s  t h a t  a r e  s c i e n t i f i c a l l y  
s u b s t a n t i a t e d ,  c o r r e c t  from t h e  p o i n t  o f  view o f  h e a l t h  p o l i c y ,  
and sound i n  t h e i r  long-term i m p l i c a t i o n s .  With t h e  a i d  o f  
models ,  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  a r e  a b l e  t o  f o r s e e  more 
c l e a r l y  t h e  consequences  o f  a l t e r n a t i v e  d e c i s i o n s  and t o  e s t a b -  
l i s h  a  dec i s ionmaking  s t r a t e g y .  

D e c i s i o n s  a f f e c t i n g  h e a l t h  c a r e  d e l i v e r y  i n f l u e n c e  p e o p l e s '  
s t a t e  o f  h e a l t h  f a r  i n t o  t h e  f u t u r e .  I n  o r d e r  t o  m a s t e r  t h e  
i n c r e a s i n g  complex i ty  o f  h e a l t h  c a r e  s e r v i c e s ,  i t  i s  n e c e s s a r y  
t o  u s e  n o t  o n l y  a l l  r e l e v a n t  s c i e n t i f i c  knowledge, b u t  i n  par -  
t i c u l a r  sys tems  a n a l y s i s  and model ing and even compute r ized  
m a t h e m a t i c a l  s i m u l a t i o n .  

The h e a l t h  s e r v i c e s  o f  any c o u n t r y  a r e  s t r o n g l y  i n f l u e n c e d  
by i t s  own s o c i a l  c o n d i t i o n s  and  n a t i o n a l  c h a r a c t e r i s t i c s ,  b u t  
a l l  c o u n t r i e s  have  i n  common t h e  b a s i c  human need f o r  h e a l t h ,  
f i t n e s s ,  and  w e l l - b e i n g  and t h e  d e s i r e  t o  s a t i s f y  t h a t  need i n  
t h e  c o n t e x t  o f  s o c i a l  c o n d i t i o n s  a s  w e l l  a s  i n  accordance  w i t h  
t r a d i t i o n a l  o r  a c t u a l  demands o f  t h e  p o p u l a t i o n .  

Because o f  t h o s e  common f e a t u r e s ,  it becomes p o s s i b l e  t o  
d e f i n e  t h e  b a s i c  p a t t e r n s  and f u n c t i o n s  o f  a  g e n e r a l  s y s t e m  o f  
m e d i c a l  c a r e  and  t o  e s t a b l i s h  u n i v e r s a l  models on t h e  b a s i s  o f  
p o p u l a t i o n  t r e n d s ,  e p i d e m i o l o g i c a l  f a c t s ,  m e d i c a l - s c i e n t i f i c  
knowledge, and t h e  r e s o u r c e s  r e q u i r e d  f o r  e a c h  p a r t i c u l a r  c a r e  
s t r a t e g y .  Of c o u r s e ,  such models  s h o u l d  be s u f f i c i e n t ,  f l e x i b l e ,  
a n d  a c c e p t a b l e .  

The d a t a  t h a t  s u c h  models r e q u i r e  must  be o b t a i n e d  w i t h i n  
t h e  framework o f  t h e  e x i s t i n g  h e a l t h  c a r e  s y s t e m  and i t s  sup- 
p o r t i n g  a u t o m a t i c  d a t a  p r o c e s s i n g  system.  I n  t h i s  c o n n e c t i o n ,  
t h e  t a s k  on model ing of  h e a l t h  c a r e  s y s t e m s  t a c k l e s  a  fundamen- 
t a l ,  u n i v e r s a l  problem. The f a r - r e a c h i n g  homogeneity o f  condi -  
t i o n s  i n  t h e  GDR,  promoted by t h e  s o c i a l i s t  sys tem,  i n  t e r m s  o f  
demography, ep idemio logy ,  socioeconomic development ,  and eco logy  
- - in  c o n j u n c t i o n  w i t h  a  n a t i o n a l  h e a l t h  s e r v i c e  which i s  managed 
and p lanned  c e n t r a l l y  and which d i s p e n s e s  wel l -deve loped ,  i n t e -  
g r a t e d ,  and a p p r o p r i a t e l y  o r g a n i z e d  h e a l t h  c a r e  d e l i v e r y - - a l l o w s  



r e l a t i v e l y  uncompl ica ted  model ing o f  e l emen t s  o f  t h e  h e a l t h  c a r e  
sys tem w i t h  good o p p o r t u n i t i e s  f o r  i n f o r m a t i v e  e v a l u a t i o n .  

Our r e s e a r c h  mainly focuse s  on: 

- P a t i e n t - r e l a t e d  d a t a  p r o c e s s i n g  i n  t h e  i n - p a t i e n t  s e c t o r ,  
w i t h  connec t i ons  t o  o u t - p a t i e n t  medica l  c a r e .  Emphasis 
i s  p l aced  on t h e  medica l  a s p e c t  ( i n - p a t i e n t  and o u t -  
p a t i e n t  m o r b i d i t y ) .  S t a n d a r d i z e d  r e c o r d s  f o r  i n - p a t i e n t s  
and o u t - p a t i e n t s  a r e  used .  

- Developing p r e v e n t i o n  p r o j e c t s ,  fol low-up c a r e ,  and 
computer ized  r e g i s t e r s  f o r ,  f i r s t ,  t a r g e t e d  c a r e  of 
p o p u l a t i o n s  s e l e c t e d  acco rd ing  t o  sociodemographic  o r  
n o n s o c i o l o g i c a l  c r i t e r i a ,  and ,  second,  f o r  s t a t i s t i c a l  
a n a l y s i s  r e q u i r e d  i n  management and r e s e a r c h .  

- E s t a b l i s h i n g  and deve lop ing  a u t o m a t i c  l a b o r a t o r y  and 
f u n c t i o n a l  d i a g n o s i s .  Developing s c r e e n i n g  sys tems  
f o r  e a r l y  d e t e c t i o n  of  l a t e n t  p a t h o l o g i c a l  c o n d i t i o n s  
and p r emorb id i t y  phase s .  T h i s  can  a l s o  be used t o  
a s s e s s  f i t n e s s  f o r  c e r t a i n  o c c u p a t i o n s .  Automatic  
p r o c e s s i n g  of  measured d a t a  and u s e  o f  computers  c an  
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  t h e  sys tems  and h e l p  a s -  
sess t h e i r  b e n e f i t  f o r  s o c i e t y .  

- E s t a b l i s h i n g  au toma t i c  i n f o r m a t i o n  sy s t ems  t o  promote 
t h e  q u a l i t y  and e f f e c t i v e n e s s  o f  medica l  c a r e  and t o  
s u p p o r t  h e a l t h  p l ann ing  and management. 

Much d a t a  have a l r e a d y  been accumulated f o r  t h e s e  p r o j e c t s ,  
b u t  t h e  f u l l  p o t e n t i a l  o f  t h e s e  d a t a  h a s  n o t  y e t  been r e a l i z e d ,  
t h a t  i s ,  f o r  a s s e s s i n g  t h e  q u a l i t y  o f  medica l  c a r e  and i t s  impac t  
on t h e  p o p u l a t i o n ' s  h e a l t h ;  f o r  o p t i m i z i n g  a d m i n i s t r a t i o n ,  supp ly ,  
and  p l ann ing ;  and f o r  r e s e a r c h .  

Our o b j e c t i v e s  c a l l  f o r  i n c r e a s e d  u se  o f  computer ized  d a t a  
p r o c e s s i n g ,  which i n  t u r n  r e q u i r e s  sys tems  a n a l y s i s  and sys tems  
c o n f i g u r a t i o n  f o r  e f f i c i e n t l y  i n t e g r a t i n g  au toma t i c  i n fo rma t ion  
p r o c e s s i n g  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 .  Consequent ly ,  
t h e  approach  used  f o r  t e s t i n g  models  i n  t h e  GDR w i l l  b e  cha r ac -  
t e r i z e d  by t h e  u s e  and development  o f  e x i s t i n g  sys tems  o f  medica l  
c a r e  and sy s t ems  o f  au toma t i c  d a t a  p r o c e s s i n g  coup l ed  w i t h  them. 

The u l t i m a t e  o b j e c t i v e  i s  t h e  e s t a b l i s h m e n t  o f  a  sys tem o f  
m e d i c a l  d a t a  banks--both r e l a t e d  t o  i n s t i t u t i o n s  and o rgan i zed  
on t h e  t e r r i t o r i a l  and c e n t r a l  l eve l s - -which  w i l l  a l l o w  op t ima l  
u s e  o f  a v a i l a b l e  d a t a  f o r  improving medica l  c a r e  d e l i v e r y  and 
h e a l t h  p l a n n i n g  and management. 

Models w i l l  b e  i n t r o d u c e d  by s t a g e s .  The f i r s t  s t a g e  w i l l  
b e  based  on sys tems  o f  h e a l t h  c a r e  and s c r e e n i n g  f o r  s e l e c t e d  
p o p u l a t i o n s  ( e x p e c t a n t  mothers ,  i n f a n t s  th rough  i n f a n t  w e l f a r e  
s e r v i c e s ,  and school -age  c h i l d r e n  th rough  t h e  h e a l t h  s e r v i c e  f o r  



c h i l d r e n  and  young p e o p l e ) ,  s u r v e i l l a n c e  o f  f a c t o r y  w o r k e r s  ex- 
posed  t o  o c c u p a t i o n a l  h e a l t h  h a z a r d s ,  compulsory mass s c r e e n i n g s  
f o r  s e l e c t e d  c a t e g o r i e s  o f  d i s e a s e s  (mass X-ray e x a m i n a t i o n s  f o r  
t h e  d e t e c t i o n  o f  t u b e r c u l o s i s ,  b r o n c h i a l  c a r c i n o m a s ,  and advanced 
s t a g e s  o f  c a r d i o v a s c u l a r  d i s e a s e ) ,  and e x t e n s i v e  i n v e s t i g a t i o n s  
o f  s e l e c t e d  g r o u p s  o f  p a t i e n t s  ( d i a b e t i c s ,  p a t i e n t s  w i t h  neoplasms,  
a n d  t h o s e  r e q u i r i n g  h e m o d i a l y s i s ) .  

These s t a g e s  have  l o n g  e x i s t e d  w i t h i n  t h e  s o c i a l i s t  h e a l t h  
s e r v i c e  o f  t h e  GDR and  some a r e  a l r e a d y  b a s e d  on e l e c t r o n i c  d a t a  
p r o c e s s i n g  (EDP). They a r e  d e v e l o p i n g  i n  a  p l a n n e d  way, g r a d u a l l y  
i n c l u d i n g  o t h e r  d i s e a s e s  and p o p u l a t i o n s .  T h i s  a p p l i e s ,  f o r  ex-  
ample,  t o  a  s c r e e n i n g  program f o r  c a r d i o v a s c u l a r  d i s e a s e s ,  soon 
t o  be e s t a b l i s h e d .  

When e x t e n d i n g  e x i s t i n g  s y s t e m s ,  we p r o c e e d  from t h e  needs  
o f  t h e  p e o p l e ,  t a k i n g  i n t o  a c c o u n t  t h e  a v a i l a b i l i t y  o f  r e l e v a n t  
d i a g n o s t i c  t e c h n i q u e s ,  t h e  p o s s i b i l i t y  o f  prompt and  e f f e c t i v e  
t r e a t m e n t  o f  d e t e c t e d  c a s e s ,  a v a i l a b l e  r e s o u r c e s  ( m e d i c a l  p e r -  
s o n n e l ,  equipment ,  e t c . ) ,  and t h e  e f f e c t  o f  h e a l t h  measures .  
EDP p r o j e c t s  used  i n  t h e  c o n t e x t  o f  l o c a l  h e a l t h  c a r e  a r e  b e i n g  
e x t e n d e d  a n d  new EDP p r o j e c t s  a n d  complex, compute r ized  m e d i c a l  
d a t a  b a s e s  f o r  s e l e c t e d  h e a l t h  i n s t i t u t i o n s  a r e  b e i n g  deve loped .  

We e x p e c t  s t i m u l a t i o n  i n  t h i s  f i e l d  from o u r  c o l l a b o r a t o r s  
a t  IIASA j u s t  a s  we a r e  w i l l i n g  t o  c o n t r i b u t e  o u r  i d e a s  and  
e x p e r i e n c e s  t o  t h e  o v e r a l l  p r o j e c t .  I t  a p p e a r s  p a r t i c u l a r l y  
i m p o r t a n t  i n  t h i s  c o n n e c t i o n  t o  s t u d y  t h o r o u g h l y  t h e  c a p a c i t y  
f o r  a d a p t i n g  and  d e v e l o p i n g  t h e  d i v e r s e  a u t o m a t i c  i n f o r m a t i o n  
s y s t e m s  t h a t  have  h i t h e r t o  been  e s t a b l i s h e d  i n t e r n a t i o n a l l y  i n  
t h e  f i e l d s  o f  medic ine  and h e a l t h  and s o c i a l  s e r v i c e s .  



THE UTILITY OF NATIONAL HEALTH CARE SYSTEMS 
MODELING: ONE PLANNER'S VIEW 

J . H .  Weiss 

INTRODUCTION 

A s  an  economist ,  a h e a l t h  c a r e  p l anne r ,  and an  occas iona l  
pol icymaker,  my expe r i ence  w i th  t h e  US h e a l t h  c a r e  system runs  
t h e  gamut from p lann ing  and p o l i c y  r e s e a r c h  a t  t h e  f e d e r a l ,  
l o c a l ,  and i n s t i t u t i o n a l  l e v e l s  t o  p a r t i c i p a t i n g  i n  e f f o r t s  t o  
g a i n  a more fundamental unde r s t and ing  of  t h e  h e a l t h  c a r e  system 
and t h e  b a s i c  f o r c e s  t h a t  i n f l u e n c e  i ts  performance. I have 
engaged i n  a b i t  o f  model b u i l d i n g  myself and have supe rv i sed  
t h e  work of  o t h e r  h e a l t h  c a r e  systems model -bui lders .  A t  t h e  
o t h e r  end o f  t h e  h e a l t h  c a r e  job spectrum, I b r i e f l y  managed a 
u n i v e r s i t y  h o s p i t a l  i n  New York C i t y .  

S ince  I t h i n k  o f  myself p r i m a r i l y  a s  a p l anne r  and a doe r ,  
I w i l l  speak from t h e  p r a c t i c a l  p e r s p e c t i v e  o f  a u s e r  o f  h e a l t h  
c a r e  models. Moreover, I w i l l  t a k e  t h e  p e r s p e c t i v e  o f  a n a t i o n a l  
h e a l t h  c a r e  p l a n n e r  and a sk ;  What is t h e  p o t e n t i a l  u t i l i t y  of  
IIASA's n a t i o n a l  h e a l t h  c a r e  system (HCS) modeling e f f o r t  t o  
h e a l t h  c a r e  p l anne r s  and pol icymakers  i n  h i g h l y  developed coun- 
t r i e s  w i t h  t h e i r  co r r e spond ing ly  complex and i n s t i t u t i o n a l i z e d  
h e a l t h  c a r e  systems? More s p e c i f i c a l l y ,  what i s  t h e  l i k e l i h o o d  
t h a t  e i t h e r  o f  t h e s e  groups w i l l  o b t a i n  u s e f u l  i n s i g h t s  f o r  
pol icymaking purposes  i n t o  t h e  workings o f  t h e i r  h e a l t h  c a r e  
sys tems?  I n  c o n s i d e r i n g  t h e s e  q u e s t i o n s ,  I w i l l  draw on my own 
knowledge and expe r i ence  w i th  t h e  US h e a l t h  c a r e  system and on 
e x i s t i n g  knowledge and d a t a  t h a t  d e s c r i b e  t h e  system. 

The US h e a l t h  c a r e  system does ,  o f  cou r se ,  have c e r t a i n  
f e a t u r e s  t h a t  may l e a d  some t o  a rgue  t h a t  o b s e r v a t i o n s  about  
t h e  u t i l i t y  o f  HCS modeling t o  t h i s  system cannot  be a p p l i e d  
g e n e r a l l y  t o  o t h e r  h i g h l y  developed c o u n t r i e s  and t h e i r  advanced 
h e a l t h  c a r e  (AHC) systems.  I n  p a r t i c u l a r ,  many o b s e r v e r s  o f  t h e  
US h e a l t h  c a r e  system have desc r ibed  it a s  a "nonsystem". The 
amount o f  c o n t r o l  t h a t  t h e  government has  e x e r c i s e d  a t  v a r i o u s  
l e v e l s  ove r  t h e  a l l o c a t i o n  of h e a l t h  c a r e  r e s o u r c e s ,  t h e  d i s t r i -  
b u t i o n  of  h e a l t h  s e r v i c e s ,  and t h e  manner i n  which s e r v i c e s  a r e  
d e l i v e r e d  has  i n c r e a s e d  s i g n i f i c a n t l y  i n  r e c e n t  y e a r s .  Yet t h e  
US h e a l t h  c a r e  system remains r e l a t i v e l y  u n s t r u c t u r e d  and un- 
p lanned  when compared t o  t h e  systems o f  c e r t a i n  European coun- 
t r i e s .  Neve r the l e s s ,  t h e r e  a r e  two r ea sons  why o b s e r v a t i o n s  
based on knowledge and expe r i ence  wi th  t h e  US h e a l t h  c a r e  system 
shou ld  have some s i g n i f i c a n c e  f o r  o t h e r  AHC systems.  



F i r s t ,  o v e r  t h e  p a s t  decade  t h e  USA expanded enormous amounts 
o f  money and e f f o r t  t o  o b t a i n  a  b e t t e r  u n d e r s t a n d i n g  of  t h e  work- 
i n g s  o f  i t s  h e a l t h  c a r e  sys tem.  ( I n  1976, t h e  f e d e r a l  government 
s p e n t  r o u g h l y  $500 m i l l i o n  on h e a l t h  s e r v i c e s  r e s e a r c h ,  p l a n n i n g ,  
and deve lopment . )  The huge h e a l t h  s e r v i c e s  r e s e a r c h ,  p l a n n i n g ,  
and development  e s t a b l i s h m e n t  i n  t h e  USA, and t h e  p r o l i f e r a t i o n  
o f  p a p e r s ,  s t u d i e s ,  and sets o f  d a t a  d e s c r i b i n g  and a n a l y z i n g  t h e  
b e h a v i o r  and per formance  of  t h e  sys tem a r e  q u i t e  i m p r e s s i v e .  
T h e r e f o r e ,  I b e l i e v e  t h a t  o u r  u n d e r s t a n d i n g  o f  t h e  b e h a v i o r a l  
f e a t u r e s  o f  t h e  US h e a l t h  c a r e  s y s t e m  compares f a v o r a b l y  w i t h  
t h a t  o f  most  o t h e r  AHC sys tems .  

Second, t h e  US h e a l t h  c a r e  sys tem is  c l e a r l y  s i m i l a r  i n  many 
i m p o r t a n t  ways t o  o t h e r  advanced h e a l t h  c a r e  s y s t e m s .  Having 
l a r g e l y  "conquered" i n f e c t i o u s  d i s e a s e s ,  a l l  AHC sys tems  a r e  
d e a l i n g  w i t h  t h e  same set  o f  m a j o r  h e a l t h  c a r e  problems s u c h  a s  
s t r o k e ,  c a n c e r ,  h e a f t  d i s e a s e ,  and t rauma.  W e  a r e  d e a l i n g  w i t h  
t h e s e  problems u s i n g  roughly  t h e  same b a s e  o f  s c i e n t i f i c  and 
t e c h n i c a l  knowledge, a l t h o u g h  t h e  p r o f i c i e n c y  w i t h  which we 
a p p l y  t h i s  knowledge may v a r y  s i g n i f i c a n t l y  from c o u n t r y  t o  
c o u n t r y .  

Another  key f e a t u r e  t h a t  a l l  AHC sys tems  s h a r e  i s  t h a t  t h e i r  
p a r t i c u l a r  p o l i t i c a l  and i n s t i t u t i o n a l  c h a r a c t e r i s t i c s  a r e  c r u c i a l  
i n  d e t e r m i n i n g  t h e  r e s u l t s  o f  s p e c i f i c  h e a l t h  p o l i c y  a c t i o n s .  
Such f e a t u r e s  o f  a  h e a l t h  c a r e  s y s t e m  a s  t h e  n a t u r e  o f  i t s  phy- 
s i c i a n  r e f e r r a l  p a t t e r n s  and p r o c e d u r e s ,  t h e  s p e c i f i c  r u l e s  and 
r e g u l a t i o n s  g o v e r n i n g  i t s  f i n a n c i n g ,  t h e  a d m i n i s t r a t i v e  c o n t r o l s  
( i f  a n y )  on u t i l i z a t i o n  of t h e  s e r v i c e s  o f  t h e  sys tem,  and t h e  
manner i n  which work is o r g a n i z e d  and a l l o c a t e d  among t h e  v a r i o u s  
d e c i s i o n m a k i n g  u n i t s  o f  t h e  s y s t e m ,  must b e  u n d e r s t o o d  i f  one is 
t o  u n d e r s t a n d  t h e  r e l a t i o n s h i p  between p o t e n t i a l  p o l i c y  a c t i o n s  
and t h e  l i k e l y  r e s u l t s  o f  t h o s e  a c t i o n s .  Knowledge o f  how t h e  
b e h a v i o r  o f  p h y s i c i a n s ,  h o s p i t a l s ,  long-term c a r e  i n s t i t u t i o n s ,  
and o t h e r  dec i s ionmaking  u n i t s  a r e  a f f e c t e d  by v a r i o u s  i n c e n t i v e s  
becomes c r u c i a l  i n  u n d e r s t a n d i n g  how a  h e a l t h  c a r e  s y s t e m  may 
respond  t o  v a r i o u s  p o l i c y  i n i t i a t i v e s .  

THE BASIC GOALS OF THE HCS MODELING ACTIVITY 

The long- te rm g o a l s  o f  IIASA's HCS model ing  a c t i v i t y  a r e  
v e r y  a m b i t i o u s .  The u l t i m a t e  a im is  t o  b u i l d  a  u n i v e r s a l  o r  
g e n e r i c  h e a l t h  c a r e  model t h a t  w i l l  h e l p  h e a l t h  c a r e  p l a n n e r s  
and p o l i c y m a k e r s  i n  d e a l i n g  w i t h  a  wide v a r i e t y  o f  po l icymaking  
q u e s t i o n s  and i s s u e s .  A s  K i s e l e v  [ I ]  s t a t e s :  

One c a n  enumera te  major  problem sets which can  be s o l v e d  
by means o f  a  dynamic model: 

1 )  A p r e c i s e  and m o t i v a t e d  f o u n d a t i o n  of  r e s o u r c e  needs 
f o r  a  h e a l t h  c a r e  sys tem;  
2) t h e  o p t i m a l  a l l o c a t i o n  o f  funds  a s s i g n e d  t o  a  h e a l t h  
c a r e  sys tem;  



3) an a n a l y s i s  o f  t h e  c u r r e n t  system s t a t e  w i th  an e v a l u a t i o n  
o f  i t s  r e s o u r c e s  and p o t e n t i a l i t i e s  f o r  a  l a r g e  a r e a  and i t s  
subregions ;  
4 )  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  p r e d i c t i o n s  on system de- 
velopment and p r e d i c t i n g  t h e  consequences of  d e c i s i o n s ;  
and 
5 )  demonst ra t ing  t h e  advantages of t h i s  o r  t h a t  h e a l t h  c a r e  
system. 

K i s e l e v  has  f u r t h e r  s t a t e d  t h a t :  "The on ly  o b s t a c l e  i n  t h e  way 
w i l l  be t h e  l a c k  o r  i n s u f f i c i e n c y  o f  q u a n t i t a t i v e  d a t a  t o  ' f i l l  
i n '  t h e  dynamic model". 

The l ack  o f  a  d e t a i l e d  unders tanding  o f  many o f  t h e  key 
b e h a v i o r a l  r e l a t i o n s h i p s  o f  AHC sys tems,  and t h e  g e n e r a l  absence 
o f  t h e  neces sa ry  q u a n t i t a t i v e  i n fo rma t ion  t h a t  would enab le  us 
t o  unders tand  and e x p l a i n  t h e s e  key ~ e h a v i o r a l  r e l a t i o n s h i p s ,  
seems t o  m e  t o  be a  powerful  o b s t a c l e  t o  IIASA's development 
o f  a  g e n e r i c  HCS model t h a t  would have impor t an t  p r e d i c t i v e  
va lue  f o r  policymaking purposes.  Qu i t e  c l e a r l y ,  f o r  such a  
model t o  be  u s e f u l  t o  h e a l t h  c a r e  p l anne r s  and pol icymakers ,  
it must be b u i l t  upon a  broad,  c r e d i b l e ,  and a c c u r a t e  informa- 
t i o n  base  which j u s t  does  n o t  e x i s t  a t  t h i s  t ime i n  t h e  USA-- 
and I doubt  t h a t  such e x i s t s  f o r  most o t h e r  AHC systems.  

The e m p i r i c a l  e f f o r t s  o f  t h e  I n s t i t u t e  t o  d a t e  b a s i c a l l y  
d e a l  w i th  such m a t t e r s  a s  a  morbid i ty  model of degene ra t ive  
d i s e a s e s  [ 2 ] .  I t  i s  a  huge s t e p  t o  move from r e l a t i v e l y  s imple  
models t h a t  d e s c r i b e  " b i o l o g i c a l  p roces se s  such a s  morbid i ty ,  
b i r t h ,  d e a t h ,  o r  recovery  from d i s e a s e s "  [2]  t o  e x t r a o r d i n a r i l y  
complex models t h a t  e x p l a i n  t h e  behav io r  o f  v a r i o u s  h e a l t h  c a r e  
decisionmaking u n i t s .  I n  an AHC system, unders tanding  t h a t ,  f o r  
example, t h e  number of  persons  i n  a  count ry  w i th  c e r t a i n  t y p e s  
o f  cance r  w i l l  i n c r e a s e  a s  t h e  popu la t i on  ages ,  i s  o f  r e l a t i v e l y  
l i t t l e  policymaking i n t e r e s t ,  u n l e s s  one can  a l s o  s u c c e s s f u l l y  
b u i l d  r e l a t e d  p r e d i c t i v e  models t h a t  show how tile sys t em ' s  var -  
i o u s  r e s o u r c e s  w i l l  respond t o  policymaking v a r i a b l e s  t o  a f f e c t  
a  v a r i e t y  of  h e a l t h  c a r e  outcomes t h a t  a r e  n o t  i n  a l l  c a s e s  
e a s i l y  measured. While s i m u l a t i o n  and o t h e r  p r e d i c t i v e  models 
cou ld  be very  u s e f u l  f o r  polciymaking purposes ,  e s p e c i a l l y  i n  
e v a l u a t i n g  t h e  impact o f  major  (i  . e . ,  nonincrementa l )  changes 
i n  t h e  h e a l t h  c a r e  system, what b e h a v i o r a l  assumptions a r e  
a c c e p t a b l e  i n  t h e  absence o f  a p p r o p r i a t e ,  d e t a i l e d ,  system- 
s p e c i f i c  d a t a ?  

The ba l ance  o f  my d i s c u s s i o n  w i l l  e x p l a i n  why I b e l i e v e  
IIASA cannot  accomplish t h i s  "huge s t e p "  a t  t h i s  t ime.  I sus-  
p e c t  t h a t  some of  t h e  reasons  why I b e l i e v e  t h a t  t h e  HCS modeling 
e f f o r t  i s  l i k e l y  t o  have r e l a t i v e l y  l i t t l e  use f o r  policymaking 
purposes  can be  a p p l i e d  g e n e r i c a l l y  t o  a  l a r g e  number o f  coun- 
t r i e s  w i th  AHC systems.  S ince  I d i d  n o t  s ense  i n  my review of  
IIASA pape r s  a  f u l l  a p p r e c i a t i o n  of t h e  p o s s i b l e  l i m i t a t i o n s  of  
HCS modeling f o r  p u b l i c  p o l i c y  purposes ,  I w i l l  h i g h l i g h t  some 
o f  t h e  l i m i t a t i o n s  t h a t  may n o t  have been cons ide red  f u l l y  by 
t h e  i n s t i t u t e ' s  HCS modelers.  



REASONS WHY THE HCS MODELING ACTIVITY I S  LIKELY TO HAVE LIMITED 
UTILITY FOR POLICYMAKING PURPOSES 

Def in ing  t h e  Goals and Outputs  o f  t h e  System 

The t a s k  o f  b u i l d i n g  a  model t h a t  would have s u b s t a n t i a l  
g r e d i c t i v e  va lue  would be much e a s i e r  i f  t h e  o u t p u t s  o f  AHC 
sys tems were l i m i t e d  t o  such r e a d i l y  measurable i tems  a s  reduc- 
t i o n s  i n  morbid i ty  and m o r t a l i t y .  Although one of  t h e  primary 
g o a l s  o f  any AHC system should  c e r t a i n l y  be t o  reduce  measurable 
morbid i ty  and m o r t a l i t y ,  AHC systems have developed t o  t h e  p o i n t  
where f u r t h e r  s i g n i f i c a n t  r e d u c t i o n s  i n  morbid i ty  and m o r t a l i t y  
a r e  very  d i f f i c u l t  t o  ach i eve ,  even wi th  t h e  a p p l i c a t i o n  o f  mas- 
s i v e  amounts o f  a d d i t i o n a l  r e sou rces .  

Other ,  l e s s  r e a d i l y  measurable goa l s  and o u t p u t s  o f  t h e  
sys tem do become impor tan t  f o r  pol icymaking purposes .  The 
d i s t r i b u t i o n a l  i s s u e  of who should  g e t  h e a l t h  c a r e  s e r v i c e s  i s  
p a r t i c u l a r l y  s i g n i f i c a n t  . I n  t h e  USA, i n c r e a s i n g  t h e  a b i l i t y  
o f  poor people ,  o r  people  who a r e  geograph ica l ly  i s o l a t e d ,  t o  
o b t a i n  adequate  h e a l t h  s e r v i c e s  i s  c e r t a i n l y  a goa l  o f  many 
p u b l i c  pol icymakers .  Another key p o l i c y  i s s u e  i n  t h e  USA con- 
c e r n s  t h e  ba l ance  o f  r e sou rces  devoted t o  h e a l t h  c a r e  s e r v i c e s  
v e r s u s  o t h e r  competing n a t i o n a l  needs .  Hence t h e  goa l  o f  con- 
t r o l l i n g  r i s i n g  h e a l t h  c a r e  p r i c e s  and c o s t s  becomes c r u c i a l  
i n  p reven t ing  t h e  h e a l t h  c a r e  s e c t o r  from absorb ing  a d i sp ro -  
p o r t i o n a t e  s h a r e  o f  t h e  n a t i o n ' s  t o t a l  r e sou rces .  F u r t h e r ,  US 
policymakers  a r e  concerned about  t h e  a p p r o p r i a t e  l ocus  of  i n s t i -  
t u t i o n a l  c a r e ,  and t h u s  t h e  b a l a n c i n g  of  r e s o u r c e s  among h o s p i t a l s ,  
v a r i o u s  t ypes  of long-term c a r e  i n s t i t u t i o n s ,  and home c a r e .  I n  
t h i s  i n s t a n c e ,  pol icymakers  and p l anne r s  a r e  i n t e r e s t e d  i n  t h e  
r e l a t i v e  c o s t s  o f  a l t e r n a t i v e  modes o f  c a r e ,  t h e  " d i g n i t y "  o f  
t h e  c a r e ,  t h e  a c c e s s i b i l i t y  and convenience t o  p a t i e n t s  o f  v a r i -  
ous  modes of  c a r e ,  and o t h e r  c o n s i d e r a t i o n s  t h a t  a r e  no t  e a s i l y  
measured. 

Another s e t  of impor tan t  p o l i c y  i s s u e s  i n  t h e  USA r e l a t e  t o  
how medica l  c a r e  i s  organized  and d e l i v e r e d ,  i n c l u d i n g  how phy- 
s i c i a n s  a r e  be ing  t r a i n e d  ( e .g . ,  fami ly  p r a c t i t i o n e r s  ve r sus  
v a r i o u s  s p e c i a l i s t s ) .  Again, many of  t h e s e  g o a l s  i nvo lve  o u t p u t s  
t h a t  a r e  r e l a t i v e l y  d i f f i c u l t  t o  measure and about  which we have 
l i t t l e  i n fo rma t ion  such a s :  r educ t ions  i n  p a t i e n t  w a i t i n g  t ime,  
convenience of  t h e  s e r v i c e  t o  p a t i e n t s ,  g e n e r a l  p a t i e n t  s a t i s -  
f a c t i o n ,  and a r educ t ion  i n  unnecessary "doc to r ing"  which may o r  
may n o t  have measurable adve r se  e f f e c t s  on t h e  p a t i e n t .  

Moreover, t h e  US h e a l t h  c a r e  system i s  i n c r e a s i n g l y  p rov id ing  
v a r i o u s  t y p e s  o f  ' ' luxury" h e a l t h  s e r v i c e s  where t h e  o u t p u t s  a r e  
n o t  r e a d i l y  o r  d i r e c t l y  measurable.  These i n c l u d e  c e r t a i n  t y p e s  
o f  p s y c h i a t r i c  and s o c i a l  s e r v i c e s ,  h e a l t h  educa t ion  s e r v i c e s ,  
n u t r i t i o n a l  s e r v i c e s ,  cosmet ic  su rge ry ,  and o t h e r s .  

Because of  t h e  complex and d i v e r s e  g o a l s  and o u t p u t s  o f  AHC 
sys tems,  many of t h e  major c h o i c e s  t h a t  s o c i e t y  must make con- 
ce rn ing  t h e  a l l o c a t i o n  of r e s o u r c e s  w i t h i n  AHC systems mainly 



i n v o l v e  p o l i t i c a l  and s o c i a l  d e t e r m i n a t i o n s  r a t h e r  t h a n  t e c h -  
n o l o g i c a l  c o n s i d e r a t i o n s .  HCS models may n o t  be  u s e f u l  i n  
answer ing  such  q u e s t i o n s  a s :  "Who s h o u l d  g e t  what  from t h e  
h e a l t h  c a r e  s y s t e m ? " - - e s p e c i a l l y  i f  t h e  "what" c a n n o t  be r e a d i l y  
measured.  When t h e  "what" c o n s i s t s  o f  whe ther  o r  n o t  a  p e r s o n  
s h o u l d  l i v e  o u t  h i s  l a s t  s e v e r a l  y e a r s  and d i e  i n  h i s  home o r  
i n  some t y p e  o f  e x t e n d e d  c a r e  f a c i l i t y ,  p o l i t i c a l  and s o c i a l  
judgments b a s e d  upon t h e  p r e v a i l i n g  v a l u e s  o f  t h e  s o c i e t y ,  i n  
combina t ion  w i t h  s c a n t y  i n f o r m a t i o n  a b o u t  r e l a t i v e  c o s t s  and 
outcomes,  become d e c i s i v e  i n  d e t e r m i n i n g  t h e  t y p e s  o f  s e r v i c e s  
t h a t  w i l l  be  p r o v i d e d  by AHC s y s t e m s .  

The P r o d u c t i o n  F u n c t i o n  o f  Advanced H e a l t h  Care  Systems 

The f l e x i b l e  manner i n  which v a r i o u s  i n p u t s  o f  t h e  h e a l t h  
c a r e  s y s t e m  can b e  combined t o  p roduce  a  g i v e n  se t  o f  o u t p u t s  
(i .e . , t h e  p r o d u c t i o n  f u n c t i o n )  c o m p l i c a t e s  t h e  t a s k  of HCS 
modele rs .  The g r e a t  d i v e r s i t y  o f  p o s s i b l e  r e l a t i o n s h i p s  between 
i n p u t s  and o u t p u t s  n e c e s s i t a t e s  t h e  u s e  o f  d e t a i l e d  and comple te  
d a t a  f o r  d e s c r i b i n g  t h e  p r o d u c t i o n  f u n c t i o n  w i t h  enough a c c u r a c y  
a s  t o  b e  u s e f u l  f o r  po l icymaking  p u r p o s e s .  

C l e a r l y ,  t h e r e  i s  a  g r e a t  d e a l  o f  s u b s t i t u t a b i l i t y  among 
t h e  i n p u t s  i n  t h e  p r o d u c t i o n  of t h e  o u t p u t s  o f  t h e  AHC s y s t e m s .  
F o r  example,  w i t h i n  a  f a i r l y  b road  r a n g e ,  n u r s e s  c a n  s u b s t i t u t e  
f o r  p h y s i c i a n s  and p r a c t i c a l  n u r s e s  and n u r s e s '  a i d e s  f o r  n u r s e s .  
Modern t e c h n o l o g y ,  i n  t h e  form o f  p h a r m a c e u t i c a l s  and d i a g n o s t i c  
and t r e a t m e n t  equipment ,  can  s u b s t i t u t e  f o r  h e a l t h  c a r e  p e r s o n n e l .  
V a r i o u s  t y p e s  o f  h e a l t h  c a r e  i n s t i t u t i o n s ,  w i t h i n  c e r t a i n  l i m i t s ,  
s u b s t i t u t e  f o r  one  a n o t h e r .  F o r  example,  s t u d i e s  o f  p a t i e n t s  i n  
a c u t e  c a r e  h o s p i t a l s  i n  New York C i t y  have shown t h a t  a b o u t  one- 
t h i r d  o f  t h e  p a t i e n t s  c o u l d  r e a d i l y  be c a r e d  f o r  i n  less e x p e n s i v e  
i n s t i t u t i o n s  [3] . 

The s u b s t i t u t a b i l i t y  o f  h e a l t h  c a r e  i n p u t s  means t h a t  t h e  
mix and l e v e l  o f  i n p u t s  t h e  s y s t e m  s h o u l d  choose  t o  p roduce  a  
g i v e n  se t  o f  o u t p u t s  depend,  w i t h i n  t h o s e  f a i r l y  b road  r a n g e s  
t h a t  a r e  o f t e n  r e l e v a n t  f o r  po l icymaking  p u r p o s e s ,  on b e h a v i o r a l  
r a t h e r  t h a n  t e c h n o l o g i c a l  c o n s i d e r a t i o n s .  Thus f o r  t h e  HCS model 
t o  have  any s u b s t a n t i a l  p r e d i c t i v e  v a l u e  f o r  AHC s y s t e m s ,  t h e  
model must  i n d i c a t e  w i t h  some p r e c i s i o n  how t h e  mix and l e v e l  o f  
i n p u t s  t o  p roduce  a  g i v e n  se t  o f  o u t p u t s  w i l l  v a r y  i n  r e s p o n s e  t o  
v a r i o u s  b e h a v i o r a l  f a c t o r s .  I n  t h e  USA, f o r  i n s t a n c e ,  a  model o f  
t h e  h e a l t h  c a r e  s y s t e m  u s i n g  1960 i n p u t  c o e f f i c i e n t s  t o  p r e d i c t  
t h e  employment o f  h e a l t h  c a r e  perso i lne l  i n  1977 would have g r o s s l y  
u n d e r e s t i m a t e d  t h e  r a t i o  o f  lesser s k i l l e d  workers  t o  more h i g h l y  
t r a i n e d  h e a l t h  c a r e  p e r s o n n e l .  A s  t h e  s y s t e m ' s  o u t p u t  expanded 
from 1960 t o  1977, t h e  r e l a t i v e  s c a r c i t y  o f  h i g h l y  t r a i n e d  p e r -  
s o n n e l  n e c e s s i t a t e d  a  s u b s t a n t i a l  s u b s t i t u t i o n  o f  l e s s e r  s k i l l e d  
p e o p l e  f o r  p h y s i c i a n s ,  d e n t i s t s ,  and s o  f o r t h .  

The r e s p o n s i v e n e s s  o f  t h e  mix and l e v e l  o f  i n p u t s  o f  an  
AHC s y s t e m  t o  v a r i o u s  marke t  and i n s t i t u t i o n a l  f a c t o r s  neces-  
s i t a t e s  t h a t  any model o f  a  AHC s y s t e m  t a k e  i n t o  a c c o u n t  t h e  



dynamic and changing  n a t u r e  o f  t h e  p r o d u c t i o n  f u c n t i o n  t h r o u g h  
t h e  u s e  o f  a  g r e a t  d e a l  o f  b e h a v i o r a l  i n f o r m a t i o n .  I n  my judg- 
ment,  t h e  d a t a  r e q u i r e d  t o  d e s c r i b e  how t h e  p r o d u c t i o n  f u n c t i o n  
o f  t h e  US h e a l t h  c a r e  s y s t e m  might  respond  t o  v a r i o u s  changes  i n  
r e l a t i v e  i n p u t  c o s t s  i n  enough d e t a i l  t o  b e  u s e f u l  f o r  p o l i c y -  
making p u r p o s e s  a r e  n o t  y e t  a v a i l a b l e  (and I s u s p e c t  t h a t  t h e s e  
r e q u i s i t e  d a t a  a r e  n o t  a v a i l a b l e  f o r  most AHC s y s t e m s ) .  

The p h y s i c i a n  s u p p l y  i s s u e  i s  a n  example o f  t h e  t y p e  o f  
p o l i c y - r e l e v a n t  q u e s t i o n  t h a t  i s  i m p o r t a n t  t o  US h e a l t h  c a r e  
p o l i c y m a k e r s  which c a n n o t  b e  answered by u t i l i z i n g  c u r r e n t l y  
a v a i l a b l e  d a t a  i n  a  HCS model. F e d e r a l  government p o l i c i e s  
r e g a r d i n g  m e d i c a l  e d u c a t i o n  have mandated p l a n n e d  i n c r e a s e s  i n  
t h e  c a p a c i t y  o f  US m e d i c a l  s c h o o l s .  A s  a  r e s u l t ,  t h e  number 
o f  p h y s i c i a n s  employed o v e r  a p p r o x i m a t e l y  t h e  n e x t  10 y e a r s  
w i l l  i n c r e a s e  by 40  t o  50 p e r c e n t .  One would l i k e  answers  t o  
t h e  f o l l o w i n g  t y p e s  o f  q u e s t i o n s  i n  a s s e s s i n g  t h e  p o t e n t i a l  
i m p a c t  o f  t h i s  v e r y  l a r g e  i n c r e a s e  i n  t h e  s u p p l y  o f  p h y s i c i a n s  

1 .  How w i l l  t h i s  i n c r e a s e  i n  t h e  s u p p l y  o f  p h y s i c i a n s  
a f f e c t  m o r b i d i t y  and m o r t a l i t y  i n  t h e  USA? W e  do n o t  
even have enough knowledge and d a t a  t o  e s t i m a t e  t h e  
d i r e c t i o n  o f  t h e  e f f e c t  o f  t h i s  s i z a b l e  i n c r e a s e  i n  
t h e  s u p p l y  o f  p h y s i c i a n s  on 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 .  I t  i s  q u i t e  p o s s i b l e  t h a t  i n  some a r e a s  
o f  t h e  USA " o v e r - d o c t o r i n g "  may have a  n e g a t i v e  impac t  
on t h e  measurab le  h e a l t h  s t a t u s  o f  segments  o f  t h e  
p o p u l a t i o n .  

2 .  Where w i l l  t h e s e  p h y s i c i a n s  l o c a t e ?  Although b e h a v i o r a l  
models t h a t  g i v e  some i n s i g h t s  i n t o  t h e  f a c t o r s  a f f e c t i n g  
p h y s i c i a n  l o c a t i o n  e x i s t ,  t h e s e  models were based  on d a t a  
from t i m e  p e r i o d s  when t h e  s u p p l y  o f  p h y s i c i a n s  was i n -  
c r e a s i n g  v e r y  s l o w l y .  It is  n o t  c l e a r  t h a t  t h e  same 
b e h a v i o r a l  r e l a t i o n s h i p s  w i l l  e x i s t  when t h e r e  i s  a  
marked i n c r e a s e  i n  t h e  s u p p l y  o f  p h y s i c i a n s .  

3 .  How many h o u r s  p e r  y e a r  w i l l  t h e  a v e r a g e  p h y s i c i a n  b e  
w i l l i n g  t o  work once  t h i s  l a r g e  i n c r e a s e  i n  p h y s i c i a n  
s u p p l y  i s  absorbed  by t h e  h e a l t h  c a r e  sys tem? 

4 .  How w i l l  t h i s  s i z a b l e  i n c r e a s e  i n  p h y s i c i a n  s u p p l y  
a f f e c t  t h e  demand f o r  p h y s i c i a n  a s s i s t a n t s  and o t h e r  
s u p p o r t  p e r s o n n e l ?  Although we know t h a t  t h e  d i r e c t i o n  
o f  t h e  e f f e c t  w i l l  b e  t o  r e d u c e  t h e  demand f o r  a u x i l i a r y  
p e r s o n n e l ,  t h e r e  is  no b a s e  o f  b e h a v i o r a l  i n f o r m a t i o n  
t h a t  would a l l o w  u s  t o  make a  r e a s o n a b l e  p r e d i c t i o n  
a b o u t  how t h e  demand f o r  p h y s i c i a n  a s s i s t a n t s  and o t h e r  
s u p p o r t i v e  p e r s o n n e l  migh t  be a f f e c t e d  by t h i s  v e r y  
l a r g e  change i n  t h e  s u p p l y  o f  p h y s i c i a n s .  

These q u e s t i o n s  a l s o  i l l u s t r a t e  t h a t  b e h a v i o r  t h a t  shows up 
a s  g a p s  o r  problems a t  t h e  macro s y s t e m  l e v e l  needs  t o  be d e s c r i b e d  
and u n d e r s t o o d  a t  t h e  m i c r o  l e v e l  i f  t h e  HCS model i s  t o  have any 



s u b s t a n t i a l  p r e d i c t i v e  v a l u e .  Fur thermore ,  a  d e t a i l e d  and 
r e a s o n a b l y  comple te  u n d e r s t a n d i n g  o f  b e h a v i o r  a t  t h e  micro  
s y s t e m  l e v e l  c a n  o f t e n  o n l y  be o b t a i n e d  t h r o u g h  a  r e v i e w  of  
f ragmented  d a t a  drawn from l i m i t e d  s t u d i e s  o r  from t h e  r e s u l t s  
o f  u n s y s t e m a t i c  " n a t u r a l  e x p e r i m e n t s " .  

An a d d i t i o n a l  problem i n  d e s c r i b i n g  and q u a n t i f y i n g  t h e  
p r o d u c t i o n  f u n c t i o n  o f  a  AHC s y s t e m  i s  t h a t  t h e  measurab le  o u t -  
p u t s  o f  t h e  sys tem ( e - 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 )  a r e  
n o t  r e a d i l y  a f f e c t e d  by major  changes  i n  t h e  i n p u t s  o f  t h e  system.  
I n  t h e  USA, one c a n  o b s e r v e  a c r o s s  s t a t e s  v e r y  d i s p a r a t e  r a t i o s  
i n  t h e  number o f  p h y s i c i a n s  and o t h e r  h e a l t h  c a r e  r e s o u r c e s  t o  
p o p u l a t i o n ,  w i t h  no a p p a r e n t  d i s c e r n i b l e  e f f e c t  upon h e a l t h  s t a -  
t u s  i n d i c a t o r s .  S i m i l a r l y ,  i f  one  compares t h e  US and Canadian 
h e a l t h  c a r e  systems--two sys tems  w i t h  b a s i c a l l y  v e r y  s i m i l a r  
l e v e l s  o f  h e a l t h  c a r e  t echnology- - the  Canadian s y s t e m  u s e s  40 
p e r c e n t  more h o s p i t a l  beds  i n  r e l a t i o n  t o  i t s  p o p u l a t i o n  t h a n  
t h e  US sys tem.  Y e t ,  t h e  measurab le  o u t p u t s  o f  t h e  two sys tems  
a r e  v e r y  s i m i l a r .  

The p r e c e d i n g  e x e m p l i f i e s  G i b b s '  s t a t e m e n t  t h a t :  " b e h a v i o r  
s i m u l a t i o n  models a r e  r e l a t i v e l y  d i f f i c u l t  t o  b u i l d  s i n c e  t h e y  
r e q u i r e  a n  i n t i m a t e  u n d e r s t a n d i n g  o f  t h e  work ings  o f  t h e  HCS 
a n d  r e l a t i v e l y  d i f f i c u l t  t o  a p p l y  s i n c e  t h e y  u s u a l l y  r e q u i r e  
d a t a  ( f o r  p a r a m e t e r  e s t i m a t i o n )  o n  t h e  p r e f e r e n c e s  and p r i o r i t i e s  
w i t h i n  t h e  HCS t h a t  may n o t  r e a d i l y  be a v a i l a b l e "  [ 4 ] .  

I n s t i t u t i o n a l  and P o l i t i c a l  C o n s i d e r a t i o n s  

I n  making n a t i o n a l  h e a l t h  c a r e  p o l i c y  d e c i s i o n s ,  a  c o u n t r y ' s  
p a r t i c u l a r ,  i n s t i t u t i o n a l  and p o l i t i c a l  c h a r a c t e r i s t i c s  a r e  
v e r y  i m p o r t a n t ,  and t h e s e  c h a r a c t e r i s t i c s  c a n n o t  be r e f l e c t e d  
a d e q u a t e l y  i n  a  g e n e r i c  ( o r  o f t e n  even  a  c o u n t r y - s p e c i f i c )  mathe- 
m a t i c a l  HCS model. C o u n t r y - s p e c i f i c  i n s t i t u t i o n a l  and p o l i t i c a l  
c h a r a c t e r i s t i c s  c e r t a i n l y  l i m i t  t h e  g e n e r i c  n a t u r e  o f  any HCS 
model,  s i n c e  t h e  s t r u c t u r e  o f  t h e  model may change s i g n i f i c a n t l y  
when it i s  a p p l i e d  f rom one s y s t e m  t o  a n o t h e r .  

A major  h e a l t h  c a r e  p o l i c y  i s s u e  i n  t h e  USA i s  what form 
o f  n a t i o n a l  h e a l t h  i n s u r a n c e ,  i f  any ,  s h o u l d  t h e  c o u n t r y  a d o p t .  
One f a c e t  o f  t h i s  i s s u e  c o n c e r n s  a l t e r n a t i v e  mechanisms f o r  
c o n t r o l l i n g  h e a l t h  c a r e  c o s t s .  The s h a r p  rise i n  US h e a l t h  c a r e  
c o s t s  o v e r  t h e  p a s t  decade  i s  o n e  r e a s o n  why t h e  p e r c e n t a g e  o f  
t h e  US g r o s s  n a t i o n a l  p r o d u c t  d e v o t e d  t o  h e a l t h  c a r e  h a s  i n c r e a s e d  
f rom a b o u t  6 p e r c e n t  i n  1 9 6 6  t o  n e a r l y  9 p e r c e n t  t o d a y .  

Any a p p r a i s a l  o f  t h e  p o t e n t i a l  e f f i c a c y  o f  a l t e r n a t i v e  c o s t  
c o n t r o l  measures  must b e  b a s e d  on a  d e t a i l e d  e x a m i n a t i o n  o f  t h e  
b e h a v i o r a l  f e a t u r e s  o f  t h e  US h e a l t h  c a r e  sys tem.  V a r i o u s  p r e -  
d i c t i v e  models c o u l d  b e  used t o  make judgments a b o u t  t h e  e f f i c a c y  
o f  a l t e r n a t i v e  c o s t  c o n t r o l  p o l i c i e s ,  b u t  t h e s e  n e c e s s a r i l y  some- 
wha t  q u a l i t a t i v e  models must b e  b a s e d  upon a  s o p h i s t i c a t e d  under- 
s t a n d i n g  of  US i n s t i t u t i o n s  [ 5 ] .  For  i n s t a n c e ,  one  key q u e s t i o n  



r e g a r d i n g  any n a t i o n a l  h e a l t h  i n s u r a n c e  p l a n  is e x a c t l y  how s h o u l d  
i t  b e  f i n a n c e d ?  Some proponents  o f  p a r t i c u l a r  h e a l t h  i n s u r a n c e  
p l a n s  have u rged  t h a t  funds  f o r  h e a l t h  c a r e  b e  s e g r e g a t e d  i n t o  a  
" t r u s t  fund" .  O t h e r  h e a l t h  i n s u r a n c e  p l a n s  have  been  proposed  
w i t h o u t  any e a r m a r k i n g  o f  funds  t o  a  s p e c i a l  h e a l t h  " t r u s t  fund" .  
These v a r i o u s  f i n a n c i n g  schemes have p o t e n t i a l l y  v e r y  d i f f e r e n t  
i m p l i c a t i o n s  f o r  f u t u r e  r a t e s  o f  i n c r e a s e  i n  US h e a l t h  c a r e  c o s t s .  
F i n a n c i n g  t h e  s y s t e m  v i a  a  " t r u s t  fund" m i g h t ,  under  c e r t a i n  
c o n d i t i o n s ,  l e a d  t o  a  much h i g h e r  r a t e  o f  i n f l a t i o n  t h a n  t h e  
a l t e r n a t i v e  o f  n o t  e a r m a r k i n g  f u n d s  f o r  h e a l t h .  N e v e r t h e l e s s ,  
d e t a i l e d  knowledge o f  US h e a l t h  and p o l i t i c a l  i n s t i t u t i o n s  i s  
needed i n  o r d e r  t o  a p p r a i s e  t h e  c o n d i t i o n s  under  which t h e  p r e -  
c e d i n g  s t a t e m e n t  might  b e  v a l i d .  

I t  i s  n e c e s s a r y  t o  a n a l y z e  t h e  r e s p o n s e s  o f  t h e  s y s t e m  t o  
h i g h l y  s p e c i f i c  p o l i c y  i n s t r u m e n t s .  Much o f  t h i s  p r o c e s s  i n -  
v o l v e s  i n t e g r a t i n g  i n f o r m a t i o n  c o n c e r n i n g  t h e  b e h a v i o r a l  and 
t e c h n i c a l  f e a t u r e s  o f  t h e  s y s t e m  i n  such  a  way t h a t  r e a s o n e d  
judgments can  be made a b o u t  f u t u r e  b e h a v i o r .  There  i s  no way 
i n  which t h i s  c r u c i a l  a n a l y t i c a l  p r o c e s s  o f  r e a s o n e d  judgments ,  
u s u a l l y  b a s e d  on  v e r y  f ragmented  p i e c e s  o f  i n f o r m a t i o n ,  c a n  b e  
a d e q u a t e l y  r e f l e c t e d  i n  any g e n e r i c ,  m a t h e m a t i c a l  model o f  an  
AHC sys tem.  Consequent ly ,  no r e s p o n s i b l e  po l icymaker  o r  p l a n n e r  
would r e l y  upon any g e n e r i c ,  m a t h e m a t i c a l  h e a l t h  c a r e  model,  
b e c a u s e  he  knows t h a t  t h e  c r u c i a l  p o l i c y  v a r i a b l e s  and r e l a t i o n -  
s h i p s  t h a t  h e  i s  concerned  w i t h  c a n n o t  b e  r e l i a b l y  d e s c r i b e d  by 
s u c h  a  model. 

Moreover,  i n  view o f  t h e  l a c k  o f  comprehens ive ,  d e t a i l e d  
b e h a v i o r a l  i n f o r m a t i o n  a b o u t  t h e  US h e a l t h  c a r e  s y s t e m ,  it i s  
d i f f i c u l t  t o  e n v i s i o n  how e v e n  a  c o u n t r y - s p e c i f i c  HCS model c o u l d  
b e  used  w i t h  any d e g r e e  o f  c o n f i d e n c e  t o  answer  many o f  t h e  impor- 
t a n t  q u e s t i o n s  a b o u t  t h e  n a t i o n a l  h e a l t h  i n s u r a n c e  i s s u e .  The 
a v a i l a b l e  b e h a v i o r a l  i n f o r m a t i o n  is ,  i n  g e n e r a l ,  j u s t  t o o  f r a g -  
mented and s p o t t y .  The n e c e s s i t y  o f  i n t e g r a t i n g  a  v a r i e t y  o f  
complex p o l i t i c a l  a n d  i n s t i t u t i o n a l  c o n s i d e r a t i o n s  i n t o  t h e  
a n a l y s i s  i n  o r d e r  t o  form some r e a s o n a b l e  judgments a b o u t  t h e  
f u t u r e  b e h a v i o r  o f  i n s t i t u t i o n s  and i n d i v i d u a l s  r e q u i r e s  r e l y i n g  
on  a  v a r i e t y  o f  somewhat q u a l i t a t i v e  models.  

CONCLUSIONS 

I q u e s t i o n  t h e  compara t ive  advan tage  o f  IIASA's u n d e r t a k i n g  
a  v e r y  a m b i t i o u s  and d i f f i c u l t  HCS model ing p r o j e c t  f o r  s e v e r a l  
r e a s o n s .  F i r s t ,  t h e  n e c e s s a r y  b e h a v i o r a l  d a t a  r e q u i r e d  t o  de- 
v e l o p  a  model w i t h  enough d e t a i l  and r e l i a b i l i t y  t o  f a c i l i t a t e  
p u b l i c  p o l i c y  d e c i s i o n s  a r e  p r o b a b l y  n o t  a v a i l a b l e .  Country- 
s p e c i f i c  i n s t i t u t i o n a l  and p o l i t i c a l  f a c t o r s  a r e  i m p o r t a n t  i n  
d e t e r m i n i n g  t h e  r e s p o n s i v e n e s s  o f  each  c o u n t r y ' s  h e a l t h  c a r e  
s y s t e m  t o  p a r t i c u l a r  p o l i c y  i n s t r u m e n t s .  The c r u c i a l  n a t u r e  o f  
t h e s e  f a c t o r s  i n  d e t e r m i n g  t h e  b e s t  s o l u t i o n ( s )  t o  t h e  p a r t i c u l a r  
h e a l t h  c a r e  p rob lems  o f  c o u n t r i e s  w i t h  advanced h e a l t h  c a r e  s y s -  
t e m s  g i v e s  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  a  v e r y  s u b s t a n t i a l  



c o m p a r a t i v e  a d v a n t a g e  i n  f raming  and a n a l y z i n g  a l t e r n a t i v e  
s o l u t i o n s  t o  t h e i r  own c o u n t r i e s '  problems.  Count ry-spec i f  i c  
b e h a v i o r a l  r e l a t i o n s h i p s  a r e  o f  paramount i m p o r t a n c e ,  a s  compared 
t o  t e c h n o l o g i c a l  o r  b i o l o g i c a l  r e l a t i o n s h i p s ,  i n  u n d e r s t a n d i n g  
and d e v e l o p i n g  s o l u t i o n s  t o  many o f  t h e  h e a l t h  c a r e  problems 
f a c i n g  AHC s y s t e m s .  I t  is  d i f f i c u l t  t o  e n v i s i o n  how a  g e n e r i c  
HCS model c a n  r e l i a b l y  and u s e f u l l y  t a k e  t h e s e  complex r e l a t i o n -  
s h i p s  i n t o  c o n s i d e r a t i o n .  

I s u s p e c t  t h a t  t h e  p o r t i o n s  o f  t h e  HCS model ing work t h a t  
w i l l  l i k e l y  p rove  most u s e f u l  a r e  t h o s e  t h a t  depend h e a v i l y  on 
t e c h n o l o g i c a l  o r  b i o l o g i c a l  r e l a t i o n s h i p s  ( e . g . ,  p r e d i c t i o n s  o f  
f u t u r e  m o r b i d i t y  p a t t e r n s ) ,  r a t h e r  t h a n  b e h a v i o r a l  f a c t o r s .  Also ,  
t h e  model ing work may b e  u s e f u l  i n s o f a r  a s  it might  s y s t e m a t i c a l l y  
i d e n t i f y  key  g a p s  i n  t h e  e m p i r i c a l  knowledge a b o u t  p a r t i c u l a r  
h e a l t h  c a r e  sys tems .  

On b a l a n c e ,  t h e  compara t ive  advan tage  o f  IIASA might  be 
b e t t e r  p u t  t o  u s e  i n  e x p l o r i n g  a l t e r n a t i v e  s o l u t i o n s  t o  h e a l t h  
c a r e  problems which: ( 1 )  t e n d  t o  depend h e a v i l y  on t e c h n o l o g i c a l  
s o l u t i o n s  t h a t  a r e  o f t e n  t r a n s f e r a b l e  from c o u n t r y  t o  c o u n t r y ,  o r  
( 2 )  a f f e c t  s e v e r a l  c o u n t r i e s  s i m u l t a n e o u s l y .  Examples i n c l u d e  t h e  
p r o t e c t i o n  and improvement o f  t h e  b i o s p h e r e ,  t h e  development  o f  
p o l i c i e s  and p r o c e d u r e s  f o r  t h e  i n t e r n a t i o n a l  e s t a b l i s h m e n t  o f  
r e g u l a t o r y  s t a n d a r d s  f o r  d r u g s ,  and t h e  c o o r d i n a t i o n  o f  b i o m e d i c a l  
r e s e a r c h  among c o u n t r i e s .  

T h i s  a s s e s s m e n t  o f  t h e  p o t e n t i a l  use  o f  t h e  HCS model ing 
p r o j e c t  i s  b a s e d  on t h e  assumpt ion  t h a t  IIASA i s  a  p l a c e  where 
p e r s o n s  w i t h  q u i t e  d i s p a r a t e  backgrounds and p o i n t s  o f  view can 
have  a  f r i e n d l y ,  f r a n k ,  and u s e f u l  exchange o f  i d e a s  a b o u t  sub- 
j e c t s  o f  common i n t e r e s t .  
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AN EPIDEMIOLOGICAL MODEL TO EVALUATE 
THE ACTION OF A RISK FACTOR 

P. Le Beux, P. Goldberg ,  J. Chaperon,  
C. V e y s s i e r ,  M.  Goldberg ,  and F. Gremy 

INTRODUCTION 

The development  o f  h e a l t h  c a r e  s y s t e m  models  i s  becoming a 
m a j o r  c o n c e r n  i n  t h e  f i e l d  o f  b i o m e d i c a l  sys tems  a n a l y s i s  [ I  , 2 , 3 ]  
due  t o  t h e  need t o  b e t t e r  u n d e r s t a n d  t h e  dynamics o f  h e a l t h  c a r e  
sys tems .  Some p r e v i o u s  work, s u c h  a s  t h e  MEDICS p r o j e c t  [4 ,51,  
d e a l t  w i t h  a g l o b a l  approach  t o  e x i s t i n g  s y s t e m s  i n  o r d e r  t o  
o b t a i n  i n s i g h t s  f o r  f u t u r e  p l a n n i n g  [ 6 ] .  I n  t h i s  p a p e r ,  t h e  ap- 
p r o a c h  i s  less a m b i t i o u s  and i s  b a s e d  on t h e  work o f  t h e  IIASA 
r e s e a r c h  group  on h e a l t h  c a r e  s y s t e m s  [ I ] .  

The model proposed by A.A. Klement iev [ I ]  d e s c r i b e s  t h e  
e v o l u t i o n  o f  a morbid d e g e n e r a t i v e  p r o c e s s  on a g i v e n  p o p u l a t i o n .  
Us ing  t h e  s u r v i v a l  c u r v e  of  t h e  morbid p r o c e s s  o n  a g i v e n  popula-  
t i o n ,  it i s  p o s s i b l e  t o  compute f o r  e a c h  y e a r  t h e  number o f  p e o p l e  
s u b j e c t  t o  t h e  morbid p r o c e s s  f o r  n y e a r s .  The i n c i d e n c e  r a t e  i s  
used  t o  compute t h e  number o f  i n d i v i d u a l s  e n t e r i n g  t h e  morbid 
p r o c e s s .  B e f o r e  t h a t  e v e n t ,  t h e  p o p u l a t i o n  i s  c o n s i d e r e d  h e a l t h y .  

I n  t h e  Klement iev  model, t h e  e x i t  o f  t h e  i n d i v i d u a l s  from 
t h e  p r o c e s s  i s  r e p r e s e n t e d  by m o r t a l i t y  due t o  t h e  f o l l o w i n g  
c a u s e s :  (1  ) t h e  morbid p r o c e s s  i t s e l f ,  o r  ( 2 )  o t h e r  c a u s e s  
i n d e p e n d e n t  o f  t h e  morbid p r o c e s s .  

The v a r i a b l e s  used  i n  t h i s  model [ I  ] a r e :  

Hi :  
h e a l t h y  p o p u l a t i o n  i n  c l a s s  a g e  i; 

Pi: number o f  i n d i v i d u a l s  i n  t h e  i - t h  s t r a t u m ;  

: i n c i d e n c e  r a t e ;  
- 

Di: Di - D; ; 

Di: m o r t a l i t y  r a t e  due t o  a l l  o t h e r  c a u s e s  o f  d e a t h ,  where  
Bi i s  t h e  g e n e r a l  m o r t a l i t y  r a t e  a n d  Df i s  t h e  s p e c i f i c  

m o r t a l i t y  r a t e ;  

B i j :  D i+ j  + d i j  ; 

d i j :  m o r t a l i t y  r a t e  o f  i n d i v i d u a l s  a t  a g e  i ,  c a u s e d  by t h e  
s p e c i f i c  d i s e a s e s  c o n t r a c t e d  j y e a r s  ago .  



I n  m a t r i x  form t h e  model e q u a t i o n s  a r e :  

The e l e m e n t s  o f  m a t r i c e s  A and B a r e  a  f u n c t i o n  o f  0 i i '  There  f o r e  
it i s  p o s s i b l e  t o  compute u and  H and f i n a l l y  S ,  which i s  t h e  
p r e v a l e n c e  o f  t h e  morbid p r o c e s s .  

AN EPIDEMIOLOGICAL APPROACH: RISK FACTORS AND ENVIRONMENT 

The p r e v i o u s  model ( F i g u r e  1 )  i s  o n l y  v a l i d  f o r  d e g e n e r a t i v e  
d i s e a s e s ,  a n d  no a t t e m p t  i s  made t o  t a k e  i n t o  a c c o u n t  t h e  e n v i r o n -  
ment and t h e  a s s o c i a t e d  r i s k  f a c t o r s .  But  h e r e  we e x t e n d  t h a t  
model i n t o  a n  e p i d e m i o l o g i c a l  model ( F i g u r e  2 )  which i n c l u d e s  t h e  
c o n c e p t  o f  r i s k  f a c t o r s .  

C o n s i d e r i n g  a g i v e n  r i s k  f a c t o r  R and any s p e c i f i c  d i s e a s e  M 
( d e g e n e r a t i v e  o r  n o t )  a s s o c i a t e d  w i t h  t h i s  r i s k  f a c t o r ,  t h e  popu- 
l a t i o n  c a n  b e  d i v i d e d  i n t o  t h r e e  g r o u p s :  H ,  h e a l t h y  i n d i v i d u a l s  
n o t  exposed  t o  R; E, h e a l t h y  i n d i v i d u a l s  exposed  t o  R;  and S,  
i n d i v i d u a l s  who have  c o n t r a c t e d  d i s e a s e  M due  t o  r i s k  f a c t o r  R. 

The Environment  and  Risk F a c t o r s  

A r i s k  f a c t o r  i s  a r e c o g n i z e d  f a c t o r  t h a t  c a n  i n d u c e  any 
k i n d  o f  d i s e a s e ,  i n c l u d i n g  a  n o n d e g e n e r a t i v e  d i s e a s e .  A  r i s k  
f a c t o r  may b e  b i o l o g i c a l ,  p h y s i c a l ,  s o c i a l ,  o r  economic i n  n a t u r e ,  
and  t h e  se t  o f  r i s k  f a c t o r s  c o n s t i t u t e  t h e  e n v i r o n m e n t  o f  a g i v e n  
p o p u l a t i o n .  

As shown i n  F i g u r e  2 ,  some o f  t h e  exposed  i n d i v i d u a l s  c a n  
r e t u r n  t o  t h e  h e a l t h y  g roup  c o r r e s p o n d i n g  t o  h i s  o r  h e r  a g e  s t r a -  
tum. I t  i s  n e c e s s a r y  t o  model t h i s  r e t u r n  by a  s p e c i a l  f u n c t i o n .  

Sick Exposed 

Healthy Sick Healthy Ex 
F i g u r e  1 .  F i g u r e  2 .  



Consequently, t h e  e x i t  from the  r i s k  process can be divided i n t o  
t h r e e  causes: (1 )  death from a  cause independent of  a  p a r t i c u l a r  
r i s k  f a c t o r ,  ( 2 )  a  morbid process due t o  a  s p e c i f i c  f a c t o r ,  and 
( 3 )  a  r e t u r n  t o  the population no t  submitted t o  t h e  r i s k  f a c t o r  
by means of  suppression of t h e  r i s k  f a c t o r .  

Var iables  of  t h e  Model 

Using an approach s i m i l a r  t o  t h e  morbidity model def ined 
by Klementiev, the  population i s  age-sex s t r u c t u r e d  i n t o  N c l a s s e s .  
The i - t h  c l a s s  i s  charac te r i zed  by the  same types  of  v a r i a b l e s ,  
namely, Pi r ep resen t s  population i n  t h e  i - t h  s t ra tum,  and hi 

- - 

represen t s  heal thy population n o t  submitted t o  t h e  r i s k  f a c t o r  R.  
However, i n  our model a  new v a r i a b l e  v i s  defined a s  t h e  exposi- i 
t i o n  r a t e  of the  r i s k  f a c t o r  R on t h e  population hi. 

Ins tead  of  consider ing t h e  mor ta l i ty  s t a t i s t i c s  a s  i n  [ I ] ,  
t h e  following morbidity es t ima tes  a r e  introduced: H; is  t h e  

I 

general  morbidity,  s p e c i f i c  t o  age c l a s s  i; M: i s  t h e  s p e c i f i c  

morbidity due t o  the  r i s k  f a c t o r  R; and Mi = M.  - M:. Mi i s  t h e  
1 

s p e c i f i c  morbidity no t  due t o  t h e  r i s k  f a c t o r  R. I t  should be 
noted t h a t  Mi f o r  t h e  degenerat ive  o r  chronic  d i seases  can be 

- 

obta ined from t h e  Klementiev model. 

S imi la r ly ,  v a r i a b l e  r i s  def ined a s  t h e  s p e c i f i c  morbidity i j  
r a t e ,  which can be considered t h e  number of ind iv idua l s  who con- 
t r a c t e d  a  s p e c i f i c  d i sease  a t  age i a f t e r  being exposed t o  a  r i s k  
f a c t o r  during j  years .  From r i j  it i s  p o s s i b l e  t o  de f ine  a  new 
v a r i a b l e  y - 

i j '  

A new v a r i a b l e  s i s  def ined a s  t h e  r a t e  of ind iv idua l s  i j 
i n  t h e  i - t h  age c l a s s  who were exposed t o  t h e  r i s k  f a c t o r  R f o r  
j  yea r s  b u t  who a r e  no longer exposed. 

I t  should be noted t h a t  f o r  some r i s k  f a c t o r s ,  when j reaches 
a  c e r t a i n  l e v e l ,  i . e . ,  when an ind iv idua l  has been exposed f o r  a  
long time t o  a  p a r t i c u l a r  r i s k  f a c t o r ,  it i s  l i k e l y  t h a t  he o r  she 
w i l l  never r e t u r n  t o  t h e  heal thy population.  In  t h i s  case ,  
would be equal  t o  zero. 

'i j 

THE MATHEMATICAL MODEL 

Using t h e  previously  defined v a r i a b l e s ,  t h e  following dynamic 
model diagram can be presented:  



- where a i j  - 1 - y i j  - s i j  - 
The e q u a t i o n s  o f  t h e  model can  be o b t a i n e d  by c o n s i d e r i n g  

each  age  c l a s s  and w r i t i n g  t h e  ba l ance  o f  p o p u l a t i o n  i n  t h e  
v a r i o u s  s t a t e s  r e p r e s e n t e d  by t h e  l e v e l s  o f  e ach  p o p u l a t i o n  
s u b s e t .  The re fo r e :  



Another  s y s t e m  of  e q u a t i o n s  c a n  b e  o b t a i n e d  by c o n s i d e r i n g  
t h e  s i c k - p o p u l a t i o n  i n  e a c h  c l a s s :  t h e  l e f t - h a n d  s i d e  i s  e q u a l  
t o  p .  " M. and t h e  r i g h t - h a n d  s i d e  i n  e a c h  s t r a t u m  i s  t h e  sum o f  

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

i- I  
p .  i?. = hiMi + vi- lhi-  Y ( i- ) h. a 
1 1  

Y 
+ 1 ' i - j  1 - j  ( i - j )  ( j - 1 )  ( i - j )  j . 

j=2  



From t h e  p r e v i o u s  s e c t i o n  i t  becomes: 

and w e  d e s i g n a t e  

Thus 

S i m i l a r l y ,  w e  d e f i n e  

i- 1  
Ti = 1 v h  a 

j=2 1-1 i - j  ( i - j )  ( j - 1 )  ( i - j ) ,  - 

Thus 

T h e r e f o r e  s o l v i n g  ( 1 )  and ( 2 )  y i e l d s :  



and 

RESISTANCE TO A RISK FACTOR 

I n  t h e  p rev ious  systems of  e q u a t i o n s ,  t h e  popu la t i on  v a r i -  
a b l e  P and t h e  morbid i ty  v a r i a b l e  M a r e  cons ide red  known. For 
t h e  degene ra t ive  d i s e a s e s ,  M can be  ob ta ined  from t h e  Klementiev 
model. For  t h e  nondegenera t ive  d i s e a s e s ,  M can be  ob ta ined  from 
s t a t i s t i c a l  d a t a  on morb id i ty .  

The v a r i a b l e  r i s  probably t h e  most d i f f i c u l t  t o  e v a l u a t e .  
However, it i s  an impor t an t  ep idemio log ica l  v a r i a b l e  which can  
b e  c a l l e d  t h e  r e s i s t a n c e  t o  a  r i s k  f a c t o r  cu rve ,  and i t  is  a  
concept  s i m i l a r  t o  t h e  s u r v i v a l  cu rve  used i n  [ I ] .  For  t h e  most 
impor t an t  r i s k  f a c t o r s ,  t h i s  v a r i a b l e  should  be o b t a i n e d  by spe- 
c i f i c  ep idemio log ica l  s t u d i e s .  Such d a t a  a r e  now e s s e n t i a l  t o  
t h e  f i e l d s  o f  p r e v e n t i v e  medicine and p u b l i c  h e a l t h .  Knowing 
r and M ,  it i s  p o s s i b l e  t o  compute y .  

The v a r i a b l e  s is  a l s o  d i f f i c u l t  t o  e v a l u a t e .  I t  can be  
ob ta ined  from a  survey  of  a popu la t i on  no longe r  exposed t o  a  
g iven  r i s k  f a c t o r .  Such a survey  must be c a r r i e d  on f o r  long  
enough p e r i o d s  t o  t a k e  i n t o  account  t h e  de layed  a c t i o n s  of  
c e r t a i n  r i s k  f a c t o r s .  

Knowing t h e  p rev ious  v a r i a b l e s ,  it is  now p o s s i b l e  t o  com- 
p u t e  t h e  va lues  of  t h e  v a r i a b l e s  v and H .  Such v a r i a b l e s  a r e  
probably  u s e f u l  t o  p u b l i c  h e a l t h  decisionmakers  concerned wi th  
p reven t ion  problems. 

CONCLUSION 

Th i s  model d i f f e r s  from Klement iev ' s  model by i n t r o d u c i n g  
t h e  p o s s i b i l i t y  of  i n d i v i d u a l s  r e t u r n i n g  t o  t h e  popu la t i on  H .  
I t  could  be  used t o  ex t end  Klement iev ' s  model t o  nondegenera t ive  
morb id i ty .  Such a  morbid i ty  model cou ld  be connected t o  t h e  r i s k  
f a c t o r  model and such would g i v e  a  g e n e r a l  ep idemio log ica l  model 
of t h e  complete  morbid i ty  p roces s :  ( 1 )  a c t i o n  of  a  r i s k  f a c t o r  
(which can be mod i f i ed ) ,  ( 2 )  d i s e a s e  (which can  be c u r e d ) ,  and 
( 3 )  dea th .  



The proposed  model i s  s t i l l  a  c o n c e p t u a l  t o o l .  T h i s  i s  
e s s e n t i a l l y  due t o  t h e  l a c k  o f  d a t a  i n  t h e  p u b l i c  h e a l t h  f i e l d ,  
i n c l u d i n g  d a t a  on  m o r b i d i t y  a s s o c i a t e d  w i t h  r i s k  f a c t o r s .  Another  
l i m i t a t i o n  i s  due t o  t h e  l a c k  o f  knowledge c o n c e r n i n g  t h e  a c t i o n  
o f  m u l t i p l e  r i s k  f a c t o r s  h a v i n g  s e v e r a l  d i m e n s i o n s :  p h y s i c a l ,  
c h e m i c a l ,  i o n i z i n g ,  a s  w e l l  a s  s o c i a l  and economic. 

Consequent ly ,  t h e  n e x t  s t e p  w i l l  b e  a p p l y i n g  t h e  p roposed  
model t o  a  l i m i t e d  problem c o n c e r n i n g  a  w e l l - s t u d i e d  r i s k  f a c t o r  
s u c h  a s  t o b a c c o  o r  a l c o h o l  and t h e i r  a s s o c i a t e d  d i s e a s e s .  
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ENVIRONMENT AND HEALTH 

;.E. Andersson and I. Holmberg 

INTRODUCTION 

During the last four years, a research group at the University 
of Gothenburg has been engaged in the integration of economic, 
social, and demographic models. The basic assumption is that the 
development of the environment as a natural science system is 
closely related to social, economic, and demographic development, 
the latter variables representing phenomena with a high degree 
of interdependence. Thus sociologists have aimed at theories and 
models of demographic development in which economic, social, and 
demographic-biomedical variables are studied under assumptions 
of more or less complete interdependence. It goes without saying 
that such a strategy of theoretical development and model-building 
is extremely complicated. As a result of the differences in the 
theoretical development of demography, economics, and other social 
sciences, integration at the theoretical level implies unifying 
methodological approaches. Mathematical methods have become an 
essential part of such unified interactive model building. 

One of the most important problems is to find those variables 
common, directly or indirectly, to all these fields of research. 
The selection of such variables can hardly be done by a cursory 
inspection of theories in the different disciplines. It is pos- 
sible for us to analyze the economic system, the demographic sys- 
tem, and so on from a theoretical and even axiomatic point of 
view, because within these disciplines we have been able to create 
a strategy for the study of interdependencies at both the theo- 
retical and applied levels. The basic research strategy is de- 
picted in Figure 1. 

While it is possible to model the internal structure of each 
system with formal methods, it is hardly possible at the current 
stage of knowledge to have such a formal approach to the analyses 
of the interdependencies between systems. We have instead chosen 
to analyze these along the lines of "soft modeling". The Low 
Income Survey of Sweden shows by means of a principal component 
analysis that a rather small set of variables from different dis- 
ciplines has to be part of an integrative social, economic, bio- 
medical, and demographic system study. These variables are: 

- employment status, 

- health and morbidity, 



Figure 1. The basic structure of the interdependent economic, 
demographic, environmental, and social systems. 

- family income and consumption patterns, 

- social contacts and internal family environment, 

- housing, basic environmental characteristics, and acces- 
sibility to different kinds of privately and publicly 
administrated capital. 

One of the most important results of this analysis is the 
highly structured pattern of interactions latent in the obser- 
vations. Most of the variation in the employment variables can 
be explained by less than five factors, and, in the case of health, 
most of the variation is explained by less than 10 factors. All 
other important variables, mentioned above, are explained by a 
similarly limited number of factors. 



During the last 10 years, there has been greater interest in 
the interactions between the economic and biological subsystems. 
Environmental decay is related to the level and structure of 
production, while economic development is clearly influenced by 
environmental constraints. Thus there is an important interdepen- 
dency between environmental, (including biological) factors and 
parameters, and variables of the economic system. For the demo- 
grapher, the interdependency with the quality of environment has 
always been recognized if not properly modeled. 

This paper will highlight some of the empirically quanti- 
fiable measures of interactions between economic, demographic, 
and social factors on the one hand and different variables, in- 
dicating the health status of individuals, on the other. 

ECONOMIC DEVELOPMENT AND WORK ABSENTEEISM 

Empirical analyses of health and morbidity and their rela- 
tionship to the economic, social, and natural environment are 
often based on data on mortality. In such studies, the dependent 
variable can at best give indirect evidence of the influence of 
the broadly defined environment on health. In most cases mortal- 
ity represents a drastic culmination of a disease process. A 
modern health program in an advanced economy cannot reasonably 
be restricted to these drastic culminations; it must be oriented 
to even small changes in health status. The problem is, however, 
that no measures of the development of the health status of a 
large number of individuals living in very different conditions 
are available in any data bank that also contains information 
about the general environment of the same individuals. However, 
some countries have records of insurance policy-regulated work 
absenteeism. In countries that have general health insurance 
systems, such as Sweden, this type of register almost completely 
covers all strata of the population with the exception of persons 
below or above working age. 

However, a problem does exist in using workers' absenteeism 
records as a basis for morbidity studies. Absenteeism from work 
can be recorded as a consequence of some disease, but in some 
cases it is in reality the individual's regulation of the actual 
number of working hours. It is hardly probable that all individ- 
uals have the same valuation of their leisure time as it is regu- 
lated by the legal institutions. A simple economic analysis shows 
that the number of working hours is highly dependent upon the 
general standard of living as measured by the wage rate, and that 
it is also regulated by the indivual's level of education. Other 
factors, such as distance between housing unit and workplace, can 
have a significant influence. In most countries, there seems to 
be a structural difference between male and female labor in the 
average number of working hours. 

A study of cross-sectional material from a large number of 
nations at different levels of economic development shows a very 



strong negative correlation between the number of working hours 
and the level of economic development. Time-series studies for 
the Swedish economy also show that the number of working hours 
decreased from approximately 3000 hours per year in 1960 to 
approximately 1850 hours in the mid-1970s. 

Such macro data are, of course, only a rough indicator of 
the real relation between different background variables and 
working hours per capita. A regression equation based on a 
Swedish micro data base for the Stockholm metropolitan area gives 
the following result: 

where LH represents working hours per week; w, wage rate in kronor; 
E, education in years; and s, sex (female = 0, male 0 1). 

This equation shows that if no medical certificate is asso- 
ciated with worker absenteeism, one should expect certain groups 
to deviate from the legally enforced number of working hours per 
week by reporting absenteeism. According to Swedish health insur- 
ance legislation, it is quite possible to stay at home for a 
limited number of days without presenting any medical certificate. 
This means one must distinguish between short- and long-term 
absenteeism if any conclusions about morbidity are to be validly 
inferred from statistically measured relations between registered 
morbidity and background variables. In fact, we have the problem 
of interpretation shown in Figure 2. To this comes an unknown 
number of persons who have reported themselves ill to their ordi- 
nary employers but not to the health insurance system. 

THE STRUCTURAL APPROACH TO AN ANALYSIS OF INTERACTIONS AMONG 
MORBIDITY AND ECONOMIC, SOCIAL, AND TECHNOLOGICAL ENVIRONMENT 

An anlysis of worker absenteeism centers around four problem 
areas. The fundamental dependent variable is the employee's 
t o t a l  a b s e n t e e i s m  as measured by relative or total time absent 
from work. The cause of the employee's absence may be either 
self-diagnosed or certified by a doctor. A large number of ex- 
planatory variables are used in connection wikh the latter type 
of absenteeism which generally refers to illness of more than 
one week's duration. 

The first class of explanatory variables comprises i n d i v i d u a 2  
c h a r a c t e r i s t i c s ,  including: age, sex, marital status, occupation, 
occupational status, birthplace, and income. This information 
may be obtained from the local health insurance office. 

The following three classes of explanatory variables repre- 
sent environmental factors that may have a specific and also 
separable effect on workers' absenteeism: the housing unit, work 
place, and transportation system. 



Health Status 

Ill Healthy 

g Not working 
C fu 

Working 

Shadowed areas represent cases reported to the health 
insurance system. 

Key: 

A.  Abnormal cases (e.g., research workers) 

B. Complete identification 

C. Social pressure or inadequate insurance system 

D. Insurance fraud 

E. Unemployed 

F. Persons with deviation between actual and desired 
working hours fuzzy 

G. Complete identification 

H. Insurance fraud 

Figure 2. Interpretation of reporting of absenteeism to the 
health insurance system based on health status and 
work status. 

The h o u s i n g  u n i t  is one of the most important centers of 
gravity in the individual's activity field. Thus housing stan- 
dards should be included as one explanatory variable in an exhaus- 
tive study of morbidity and worker absenteeism. On the other hand, 
it might be difficult to separate the pure housing effect from 
selective processes that regulate the individual's choice of hous- 
ing area. 

Disregarding these objections for the time being, we have 
given each individual an area code on the basis of their stated 
place of permanent residence (given on the health insurance rec- 
ord). Each one of these areas may be characterized by type of 



housing (detached houses, terrace houses, block of flats, etc.), 
average age of the houses, type of apartment (number of rooms, 
modern equipment, central heating, etc.), and environmental char- 
acteristics (parks, intensity of exploitation, accessibility to 
recreation areas, population density, air quality as well as 
social, commercial, and cultural services). 

Another important center of gravity in the individual's ac- 
tivity field in his w o r k p Z a c e .  In the coding process, we gave 
each individual both the area code of his workplace and an indus- 
try code according to the international standard classifications 
of industries. On the basis of these codes, it is possible to 
classify each workplace with regard to a large number of environ- 
mental characteristics such as: size and age of the plant, inter- 
nal conditions (temperature, noise, draft, air pollution), and 
employment structure. From the occupational code, it is possible 
to characterize the individual's position within the workplace 
with respect to monotony, stress, physical strain, prestige, 
economic responsibilities, shift and "on-call" conditions, noise, 
and temperature variations usually connected with a certain occu- 
pation in a specific industry. 

Figure 3 shows the analytical process of worker absenteeism. 
As this figure shows, the t r a n s p o r t a t i o n  s y s t e m  is an important 
link that connects the individual's place of residence and work- 
place. Discussions with experts on transportation research have 
convinced us of the necessity of including qualities of the trans- 
portation system among the explanatory variables. The transporta- 
tion system is characterized by travel times, walking distances, 
and traffic standards by various means of transportation. The 
main reason for including the transportation system in our analy- 
sis is the strong relationship between the characteristics of 
the transportation system and the accident risks during travel 
to work. 

characteristics 

Housing Worker absenteeism Work 
Characteristics of 

- 
Morbidity Characteristics of 

the housing unit t the work Characteristics of 4 Characteristics of 
the housing area 

Transportation 
Characteristics of the 
transportation system 

Figure 3. The analytical process of worker absenteeism. 



THE STATISTICAL METHOD 

I n  a n a l y z i n g  t h e  e m p i r i c a l  p a t t e r n s  o f  t h i s  i n t e r a c t i v e  
sys tem,  t h e r e  i s  l i t t l e  b a s i s  f o r  assuming any s p e c i f i c  form 
o f  e q u a t i o n s  o r  even p a t t e r n s  o f  i n t e r a c t i o n s  t o  a  l a r g e r  e x t e n t  
t h a n  a l r e a d y  g i v e n  i n  F i g u r e  3. I n s t e a d ,  we have d e c i d e d  t o  u s e  
an i n f o r m a t i o n  t h e o r y  approach  [ 1 , 2 , 3 ] .  T h i s  approach  i s  i l l u s -  
t r a t e d  by t h e  f o l l o w i n g  examples .  A  c o n t i n g e n c y  t a b l e  c a n  be 
formed t o  r e p r e s e n t  a l l  p o t e n t i a l  i n t e r a c t i o n s .  A  v e r y  s i m p l e  
example o f  such  a  c o n t i n g e n c y  t a b l e  i s  shown i n  T a b l e  1 .  The 
m a r g i n a l  t o t a l s  a r e  assumed t o  be g i v e n .  I f  t h e r e  were no s t r u c -  
t u r a l  r e l a t i o n s  i n  t h e  m a t e r i a l ,  we would e x p e c t  t h e  a c t u a l  i n -  
f a r c t i o n  r a t i o  t o  f o l l o w  t h e  f i g u r e s  r e p o r t e d  i n  t h e  f o u r  c e l l s  
o f  t h e  i n t e r i o r  o f  t h e  c o n t i n g e n c y  t a b l e .  

I t  i s  commonplace among a l l  k i n d s  o f  r e s e a r c h  workers  t o  
s t u d y  t h e  a c t u a l  o c c u r e n c e  o f  n o n s t o c h a s t i c a l  phenomena w i t h  
s u c h  a  c o n t i n g e n c y  t a b l e  a s  t h e  s t a r t i d g  p o i n t .  One can  a l s o  
compute t h e  i n f o r m a t i o n  c o n t e n t  o f  t h e  t a b l e  a s :  

where  p i j  e q u a l s  t h e  p o s t e r i o r  p r o b a b i l i t y  d i s t r i b u t i o n  and q  
i j  

e q u a l s  t h e  p r i o r  p r o b a b i l i t y  d i s t r i b u t i o n .  The p o s t e r i o r  proba-  
b i l i t y  d i s t r i b u t i o n  p i j  min imizes  I ( p , q )  t h a t  i s  chosen.  One 

2 .  
c a n  show t h a t  t h i s  measure  i s  a p p r o x i m a t e l y  e q u a l  t o  x I£ t h e  
o b s e r v e d  and e x p e c t e d  f r e q u e n c i e s  a r e  c l o s e  t o  each  o t h e r .  

T a b l e  1 .  Sample c o n t i n g e n c y  t a b l e ,  m y o c a r d i a l  i n f a r c t i o n .  

Age T o t a l  

Low High 

Yes 500 500 1000 
Myocardia l  
I n f a r c t i o n  

T o t a l  3000 3000 6000 



W e  w i l l  now e n l a r g e  t h e  above c o n t i n g e n c y  t a b l e  by s u b d i -  
v i d i n g  t h e  high-age and  t h e  low-age g r o u p s  i n t o  m a l e s  and f e m a l e s .  
I n  t h e  same way, we w i l l  s u b d i v i d e  t h e  i n f a r c t i o n  c l a s s i f i c a t i o n  
i n t o  p e r s o n s  w i t h  and w i t h o u t  h i g h  b lood  p r e s s u r e .  The r e s u l t  
w i l l  be  a n  a g e  by s e x  by i n f a r c t i o n  by b l o o d  p r e s s u r e  t a b l e  t h a t  

h a s  2 4  ( 1 6 )  cel ls .  I t  i s  now p o s s i b l e  t o  g i v e  t h i s  new set o f  
i n f o r m a t i o n  by f o u r  d i f f e r e n t  two-dimensional  c o n t i n g e n c y  t a b l e s  - 
and t es t  e a c h  one  s e p a r a t e l y  w i t h  t h e  X Z  o r  t h e  i n f o r m a t i o n  t h e o r y  
method. Another  approach  would b e  t o  compress  a l l  i n f o r m a t i o n  
i n t o  t h e  1 6 - c e l l  t a b l e  2 .  T h i s  t a b l e  i s  an i n t e r a c t i v e  o n e  i n  
t h e  s e n s e  t h a t  we c a n  s e p a r a t e  s t a t i s t i c a l l y  t h e  i n f l u e n c e  o f  
h i g h  b l o o d  p r e s s u r e  f rom t h e  e f f e c t  o f  a g e  and s e x  o n  t h e  i n f a r c -  
t i o n  r a t e ,  b u t  we can  a l s o  t es t  o t h e r  r e a s o n a b l e  p a t t e r n s  o f  
i n t e r d e p e n d e n c i e s .  Under t h e  h y p o t h e s i s  o f  c o m p l e t e  independence ,  
o n e  would e x p e c t  t o  f i n d  numbers i n  e a c h  ce l l  c o r r e s p o n d i n g  t o  
t h e  f o r m u l a  

n .  
1. n.  n . .  j i j  = 1 .  

These numbers a r e  g i v e n  i n  t h e  body o f  t h e  t a b l e .  

T a b l e  2 .  Expanded sample  c o n t i n g e n c y  t a b l e ,  m y o c a r d i a l  i n f a r c -  
t i o n .  

Low High Total 

Males Females Males Females 

- - -- 

LP 225 225 225 225 900 

No 

HP 25 25 25 25 100 
Myocardial 
infarction 

LP 250 250 250 250 1000 

Yes 

HP 1000 1000 1000 1000 4000 

Total 1500 1500 1500 1500 6000 

Key: LP = low blood pressure 
HP = high blood pressure 



Chi-square is generally employed to test statistically the 
hypothesis of independence in a contingency table. When we have 
a simple 2 x 2 table, it is easy to show that the calculation of 

the x2 is the same as finding out whether the odds-ratio is equal 
in the two groups according to one of the classifications. In 
our example shown in Table 2, we test whether the odds for in- 
farction are equal in the low- and high-age groups. 

It may be advantageous to describe each one of the cell fre- 
quencies as generated by a multiplicative process. Regarded in 
this way, the frequency is made up of a number of "main effects" 
corresponding to the classifications employed and a number of 
"interaction effects". In our enlarged example above, the main 
effects correspond to age, sex, blood pressure, and infarction, 
and the interaction effects are: six two-factor interactions of 
the type age x sex, age x blood pressure, and so on; four three- 
factor interactions of the type age x sex x blood pressure; and 
one four-factor interaction, age x sex x blood pressure x infarc- 
tion. When freqhencies are regarded in this way, a test of in- 
dependence is equivalent to testing whether the interaction 
effects deviate significantly (in the statistical sense) from 
zero. 

The method generally employs a transformation that gives a 
linear model in log-frequencies. If fiikl represents the fre- 

quencies in the four-dimensional contingency table, then the log- 
linear model is given by: 

AB 
log fijkl = Y . = Y + A: + hB + A: + + hij ilk1 j 

AABC + AABD + AACD + ,,ABCD ABCD 
ljk ijl ikl jkl + 'ijkl 

A where u is the grand mean; A .  etc., the main effects; A 4 7  etc., 
the two-factor interactions; 'A??' etc. , the three-factor inter- 

1 1 k 
actions; and A?:: etc. , the four-factor interaction. 

The A-effects are regarded as deviations that add up to 
zero in every dimension: 



... 1 A:: = 0 and s o  on. 
i 

T h i s  i s  t h e  c o m p l e t e l y  s a t u r a t e d  model,  which i n c l u d e s  a l l  
p o s s i b l e  e f f e c t s .  An e s t i m a t e  o f  t h e  v a r i o u s  e f f e c t s  i n  t h e  model 
i s  o b t a i n e d  by k e e p i n g  a l l  m a r g i n a l  sums f i x e d .  An i t e r a t i v e  
p r o c e d u r e ,  i t e r a t i v e  p r o p o r t i o n a l  f i t t i n g ,  which s t a r t s  f rom 1 ' s  
i n  e a c h  c e l l ,  i s  employed t o  f i t  t h e  chosen  model.  The f r e q u e n -  
c i e s  a r e  a d j u s t e d  s u c c e s s i v e l y  t o  add  up t o  t h e  g i v e n  ( f i x e d )  
m a r g i n a l  sums. 

A  s p e c i a l  c a s e  a r i s e s  when o n e  o f  t h e  v a r i a b l e s  used  f o r  
c l a s s i f i c a t i o n  c a n  be  r e g a r d e d  a s  dependen t  and h a v i n g  o n l y  two 
l e v e l s .  

D e f i n e  

where X e q u a l s  a  v e c t o r  o f  i n d e p e n d e n t  v a r i a b l e s  and B e q u a l s  a  
v e c t o r  o f  p a r a m e t e r s .  Then 

J ,  = l o g ( A )  = l o g  + = B *  . 
1 P  

I n  t h e  example  above,  i n f a r c t i o n  c a n  be r e g a r d e d  a s  t h e  
dependen t  v a r i a b l e .  W e  t h e n  a r r i v e  a t  t h e  f o l l o w i n g  l o g i t  model:  

ABD ABC D 2A;y1) + 2 ~ ~ ~ ~ k )  + 2 A l ( j l )  

s i n c e  terms n o t  i n c l u d i n g  A  c a n c e l  o u t  and 

The example  g i v e n  i n  t h e  s e c t i o n  above c a n  b e  e x t e n d e d  i n t o  
a n y  number o f  d i m e n s i o n s  o f  a  c o n t i n g e n c y  t a b l e ,  a l t h o u g h  t h e r e  



w i l l  be  l i m i t a t i o n s  o f  a  n u m e r i c a l  o r  d a t a  c o l l e c t i o n  n a t u r e .  
I t  g o e s  w i t h o u t  s a y i n g  t h a t  a  s u b d i v i s i o n  i n t o  10 i n t e r a c t i v e  
f a c t o r s ,  e a c h  o n e  r e p r e s e n t e d  by h i g h l y  d i s a g g r e g a t e d  s u b d i v i -  
s i o n s ,  i s  a n  immensely l a r g e  t a b l e  w i t h  a p p r o x i m a t e l y  10 m i l l i o n  
c e l l s .  I n  t h i s  c a s e ,  a  t o t a l  c e n s u s  f rom o n e  o f  t h e  l a r g e r  coun- 
t r ies  would be  r e q u i r e d  t o  e s t i m a t e  such  a  model w i t h  any  r e a -  
s o n a b l e  p r e c i s i o n .  

I t  i s  t h u s  o b v i o u s  t h a t  t h e r e  i s  n o  b a s i c  c o n f l i c t  between 
a n  a p p r o a c h  a l o n g  t h e s e  l i n e s  and more p u r i s t i c  a p p r o a c h e s  em-  
p l o y i n g  a x i o m a t i c  a n a l y s e s  o f  t h e  t h e o r e t i c a l  s t r u c t u r e  o f  t h e  
problem.  There  must be  some r e a s o n a b l e  a s s u m p t i o n s  5 p r i o r i  
a b o u t  t h e  s t r u c t u r e  o f  i n t e r a c t i o n s  t o  make a  m u l t i d i m e n s i o n a l  
c o n t i n g e n c y  t a b l e  a n a l y s i s  m e a n i n g f u l .  The a d v a n t a g e  o f  t h i s  
a p p r o a c h  compared t o  o r d i n a r y  r e g r e s s i o n  a n a l y s i s  i s  t h a t  it c a n  
h a n d l e  h i g h l y  q u a l i t a t i v e  v a r i a b l e s .  W e  d o  n o t  r e q u i r e  any a s -  
sumpt ions  a b o u t  s t a t i s t i c a l  e r r o r  d i s t r i b u t i o n s .  

I t  mus t  be  o b s e r v e d  t h a t  a  t r a n s f o r m a t i o n  o f  t h e  model f rom 
i t s  s t r u c t u r a l  form t o  a  form w i t h  e x p l i c i t  l o g i t s  means t h a t  a  
c a u s a l  r e l a t i o n  i s  a c t u a l l y  b e i n g  assumed i n  c a s e s  where t h e  
f i r s t  s t a g e  o f  t h e  a n a l y s i s  h a s  o n l y  r e v e a l e d  a n  i n t e r d e p e n d e n c y .  
No l o g i t s  c a n  b e  computed w i t h o u t  5 p r i o r i  a s s u m p t i o n  a b o u t  a  
c a u s a l  r e l a t i o n .  

USING HEALTH INSURANCE DATA I N  PLANNING AND FORECASTING 

W e  w i l l  d i s c u s s  t h e  u s e s  o f  e s t i m a t e s  o f  r e l a t i o n s  between 
a b s e n t e e i s m  and e n v i r o n m e n t a l  v a r i a b l e s  i n  t h i s  s e c t i o n .  

The b a s i c  u s e  o f  p r o b a b i l i t i e s  o f  work a b s e n t e e i s m  i s  i n  t h e  
p r e d i c t i o n  o f  l a b o r  s u p p l y  p e r  u n i t  o f  l a b o r .  The model o f  eco-  
nomic development  i s  d e s c r i b e d  i n  F i g u r e  1 .  A set o f  p a r a m e t e r s  
{ a  1 i n d i c a t e s  t h e  u s e  o f  l a b o r  p e r  u n i t  o f  o u t p u t .  One param- 

2 j 
e ter ,  a l l ,  i n d i c a t e s  t h e  u s e  o f  p o t e n t i a l  l a b o r  t i m e  f o r  l e i s u r e .  

I f  a l l  g o e s  up, growth w i l l  go down, c e t e r i s  p a r i b u s .  F o r e c a s t s  
- - 

o f  worker  a b s e n t e e i s m  a r e  t h u s  c r u c i a l  t o  t h e  f o r e c a s t i n g  o f  
economic growth,  w h e t h e r  it i s  c a u s e d  by s i c k n e s s  o r  by a  reduc-  
t i o n  o f  p r o p e n s i t y  t o  work. The demand f o r  h e a l t h  c a r e  i s  i n d i -  
c a t e d  by a  s o c i a l l y  and p r i v a t e l y  d e t e r m i n e d  demand f u n c t i o n ,  
a h l ( x , d , H ) ,  where  t h e  x  v e c t o r  i n d i c a t e s  t h e  s t r u c t u r e  o f  produc-  

t i o n  and t h e  d  v e c t o r  i n d i c a t e s  t h e  demographic  s t r u c t u r e .  The 
H v e c t o r  i n d i c a t e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  h e a l t h  s y s t e m  ( e . g . ,  
p r i c e ,  q u e u i n g  p a r a m e t e r s ,  o u t p u t  p o l i c y ) .  

W e  c a n  now w r i t e  t h e  economic sys tem i n  t h e  f o l l o w i n g  c o n c i s e  
form: 



where 

x ( t )  i s  a  v e c t o r  o f  p r o d u c t i o n  volumes i n  
d i f f e r e n t  s e c t o r s ,  i , and r e g i o n s ,  r ,  

= ~ x ; ( t ) I ;  

A ( x . t )  = {a:; ( x . t )  I ,  a  m a t r i x  o f  p r o d u c t i o n -  

and t ime-dependent  i n p u t - o u t p u t  p a r a m e t e r s ;  

r r r s a l l  ( x ,  t )  and  ahl (x ,d ,H,  t )  , e l e m e n t s  o f  t h i s  

m a t r i x ;  and  

B ( x ,  t )  = {bys ( x ,  t )  I ,  a  m a t r i x  o f  p r o d u c t i o n -  
1 3  

and t ime-dependent  c a p i t a l - o u t p u t  r a t i o s .  

I t  c a n  b e  shown t h a t  t h i s  model w i l l  a l w a y s  have a n  econom- 
i c a l l y  f e a s i b l e  s o l u t i o n  w i t h  a  p o s s i b l e  r a t e  o f  growth o r  de- 
c l i n e .  T h i s  s o l u t i o n  w i l l  among o t h e r  t h i n g s  depend upon t h e  
demand f o r  l e i s u r e  t i m e  and  h e a l t h  c a r e .  I t  w i l l  a l s o  depend 
upon t h e  e f f i c i e n c y  o f  t h e  h e a l t h  c a r e  s y s t e m  a s  measured by 
t h e i r  i n p u t - o u t p u t  and c a p i t a l - o u t p u t  r a t i o s .  Another  i m p o r t a n t  
u s e  o f  t h e  a n a l y s i s  i s  i n  t h e  demographic  model i n  which  m o r b i d i t y ,  
a s  measured  by long- te rm a b s e n t e e i s m ,  c a n  be used  a s  a n  i n t e r m e -  
d i a r y  f a c t o r  i n  t h e  p r e d i c t i o n  o f  f e r t i l i t y  and m o r t a l i t y .  We 
c a n  t h u s  measure  t h e  f o l l o w i n g  c a u s a l  o r  i n t e r d e p e n d e n t  r e l a t i o n s  
shown i n  F i g u r e  4 .  

due to disease of a 

F i g u r e  4 .  C a u s a l  o r  i n t e r d e p e n d e n t  r e l a t i o n s  found i n  a  
demographic  model.  



SOP& EMPIRICAL RESULTS FROM THE GOTHENBURG STUDY 

The m o r b i d i t y  o f  a  p o p u l a t i o n  c a n  be  d e s c r i b e d  by a  l a r g e  
number o f  d i f f e r e n t  measures ,  f o r  example ,  t o t a l  number o f  re- 
p o r t e d  c a s e s  d u r i n g  some p r e d e f i n e d  t i m e  p e r i o d ,  a v e r a g e  d u r a t i o n  
o f  e a c h  c a s e ,  o r ,  a s  i s  done i n  t h i s  s e c t i o n ,  t o t a l  worker  absen-  
t e e i s m  d u r i n g  a  y e a r .  The l a t t e r  d i s t r i b u t i o n ,  t a k e n  from t h e  
1975 s t u d y  o f  Gothenburg w o r k e r s '  a b s e n t e e i s m ,  i s  d e s c r i b e d  i n  
T a b l e  3. 

The d i s t r i b u t i o n  i s  h i g h l y  skewed and t h e  p r o p o r t i o n  w i t h  
z e r o  d a y s  a b s e n t e e i s m  i s  a round  30 p e r c e n t .  Only a b o u t  3 p e r c e n t  
o f  t h e  p e r s o n s  i n  t h e  sample  had t o t a l  a b s e n t e e i s m  e x c e e d i n g  180 
d a y s  and 8  p e r c e n t  had a  t o t a l  t i m e  e x c e e d i n g  90 d a y s .  The s i c k  
a b s e n t e e i s m  was domina ted  by c a s e s  o f  much s h o r t e r  d u r a t i o n s :  
22 p e r c e n t  had a  t o t a l  a b s e n c e  t i m e  o f  between one  and s i x  d a y s  
and  a n  a d d i t i o n  12 p e r c e n t  were  a b s e n t  from work between o n e  and 
two weeks d u r i n g  t h e  y e a r .  

I n  t h e  a n a l y s i s  t o  be  p r e s e n t e d  h e r e  t o t a l  a b s e n t e e  t i m e  
d u r i n g  t h e  y e a r  h a s  been t r e a t e d  a s  a  dependen t  v a r i a b l e  i n  a  
r e g r e s s i o n  a n a l y s i s .  E x p l a n a t o r y  v a r i a b l e s  have  been  chosen  
a c c o r d i n g  t o  a  f a c t o r  a n a l y s i s  o f  c h a r a c t e r i s t i c s  o f  t h e  occupa- 
t i o n  and i n d u s t r y .  I n s t e a d  o f  u s i n g  f a c t o r  s c o r e s  a s  i n d e p e n d e n t  
v a r i a b l e s  i n  t h e  a n a l y s i s ,  we have  c h o s e n  t h o s e  v a r i a b l e s  t h a t  
have  t h e  h i g h e s t  l o a d i n g s  on e a c h  f a c t o r .  The a d v a n t a g e  o f  u s i n g  
s u c h  a  p r o c e d u r e  i s  t h a t  p o s s i b l e  d e p e n d e n c i e s  a r e  e a s i e r  t o  ex- 
p l a i n  s i n c e  we a lways  know t h e  e x a c t  meaning o f  t h e  v a r i a b l e  u s e d  
i n  t h e  r e g r e s s i o n .  The g r e a t e s t  a d v a n t a g e s  i n  u s i n g  f a c t o r  s c o r e s  
would b e  t h a t  we o b t a i n  i n d e p e n d e n t  e x p l a n a t o r y  v a r i a b l e s .  On 
t h e  o t h e r  hand,  it i s  o f t e n  v e r y  d i f f i c u l t  t o  e x p l a i n  t h e  e x a c t  
meaning o f  t h e  f a c t o r s .  

T a b l e  3 .  T o t a l  worker  a b s e n t e e i s m ,  Gothenburg,  1975. 
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F o r  o u r  r e g r e s s i o n  a n a l y s i s ,  we used  t h e  f o l l o w i n g  v a r i a b l e s  
t o  d e s c r i b e  t h e  c h a r a c t e r i s t i c s  o f  t h e  i n d u s t r y :  s i z e ,  p r o c e s s  
i n d u s t r y ,  m a n u f a c t u r i n g  i n d u s t r y ,  o t h e r  commodit ies  p r o d u c t i o n ,  
and p u b l i c  a c t i v i t i e s .  To d e s c r i b e  t h e  c h a r a c t e r i s t i c s  o f  t h e  
o c c u p a t i o n ,  t h e  f o l l o w i n g  v a r i a b l e s  were  chosen :  e x t e r n a l  s t a t u s ,  
s u p e r v i s o r y  p o s i t i o n ,  ergonomy, f reedom i n  work, c o n t a c t  w i t h  
o t h e r s ,  and c h e m i c a l  h e a l t h  h a z a r d s .  The c h a r a c t e r i s t i c s  o f  t h e  
i n d i v i d u a l s  a r e  r e p r e s e n t e d  by a g e ,  s e x ,  m a r i t a l  s t a t u s ,  c i t i z e n -  
s h i p ,  income, and r e g i o n  o f  b i r t h .  

Sex ,  m a r i t a l  s t a t u s ,  and c i t i z e n s h i p  were used  i n  t h e  r e g r e s -  
s i o n  a n a l y s i s  a s  c l a s s i f i c a t i o n  v a r i a b l e s  and were  t h u s  n o t  i n -  
c l u d e d  d i r e c t l y  i n  t h e  a n a l y s i s .  I n  a d d i t i o n  t o  t h i s ,  t h e  a g e  
i n t e r v a l  was s u b d i v i d e d  i n t o  a g e s  above and below 30 y e a r s .  The 
e s t i m a t e d  r e g r e s s i o n  e q u a t i o n  was s p e c i f i e d  a s  f o l l o w s :  

where  D = t o t a l  t i m e  a b s e n t  d u r i n g  t h e  y e a r ,  

a  = a g e ,  

y  = income, 

X I  = m a n u f a c t u r i n g  i n d u s t r y ,  

X2 = p u b l i c  a d m i n i s t r a t i o n ,  

X3 = o t h e r  commodity p r o d u c t i o n ,  

X4 = p r o c e s s  i n d u s t r y ,  

X5 = s i z e  o f  p l a n t ,  

X6 = ergonomic s t r a i n s ,  

X7 = s u p e r v i s o r y  p o s i t i o n ,  

X8 = c o n t a c t  i n t e n s i v e  o c c u p a t i o n s ,  

X 9  = o c c u p a t i o n  w i t h  e x t e r n a l  s t a t u s ,  

X I 0  = o c c u p a t i o n  w i t h  c h e m i c a l  h e a l t h  h a z a r d s .  

The Xi a r e  a l l  b i n a r y  v a r i a b l e s  ( 0 , l ) .  

The r e s u l t s  o f  t h e  r e g r e s s i o n  a n a l y s i s  a r e  summarized i n  
T a b l e  4. The main r e s u l t s  may a l s o  be  summarized a s  f o l l o w s :  
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- Ergonomy,  t h a t  i s ,  c h a r a c t e r i s t i c s  o f  t h e  o c c u p a t i o n  t h a t  
l e a d  t o  ergonomic problems,  i s  a  f a c t o r  r e l a t e d  t o  i n -  
c r e a s e d  a b s e n t e e i s m  f o r  a l l  g r o u p s  i n c l u d e d  i n  t h e  a n a l y -  
sis. 

- E x t e r n a l  s t a t u s  and s u p e r v i s o r y  p o s i t i o n  have a  n e g a t i v e  
r e l a t i o n  t o  t o t a l  t i m e  o f  a b s e n t e e i s m ,  t h a t  i s ,  occupa- 
t i o n s  w i t h  t h e s e  c h a r a c t e r i s t i c s  g e n e r a l l y  have a  s h o r t e r  
d u r a t i o n  o f  s i c k  a b s e n t e e i s m  o v e r  t h e  y e a r  t h a n  o t h e r s .  

- Age i s  by and l a r g e  n e g a t i v e l y  r e l a t e d  t o  a b s e n t  t i m e  b u t  
a  c l o s e r  a n a l y s i s  o f  t h e  two g r o u p s  u n d e r  and o v e r  30 
y e a r s  o f  a g e  g i v e s  a  d e v i a t i n g  r e s u l t .  F o r  men, t h e  
n e g a t i v e  r e l a t i o n  is found f o r  t h o s e  below 30 y e a r s  o f  
a g e ,  b u t  a t  h i g h e r  a g e s  t h e  r e l a t i o n  i s  no  l o n g e r  s t a t i s -  
t i c a l l y  s i g n i f i c a n t .  F o r  f e m a l e s ,  t h e  r e l a t i o n  is  t h e  
o p p o s i t e :  no s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n  f o r  a g e s  
under  30 y e a r s  b u t  an  a p p a r e n t  n e g a t i v e  r e l a t i o n  f o r  a g e s  
o v e r  30 y e a r s .  

- Income i s  g e n e r a l l y  p o s i t i v e l y  r e l a t e d  t o  t h e  t o t a l  
a b s e n t e e  t i m e ,  t h a t  i s ,  h i g h e r  income l e a d s  t o  l a r g e r  
t o t a l  absen tee i sm.  Also  i n  t h i s  c a s e ,  d i f f e r e n t  r e s u l t s  
a r e  o b t a i n e d  i f  t h e  a g e  i n t e r v a l  i s  s u b d i v i d e d  i n t o  a g e s  
under  and o v e r  30 y e a r s .  F o r  a g e s  below 30 y e a r s ,  t h e  
p o s i t i v e  r e l a t i o n  remains  b u t  f o r  a g e s  o v e r  30 y e a r s ,  
t h e  r e l a t i o n  i s  no l o n g e r  s i g n i f i c a n t ,  t h a t  i s ,  t o t a l  
a b s e n t e e  t i m e  i s  i n d e p e n d e n t  o f  income. On t h e  o t h e r  
hand,  f o r  f e m a l e s  t h e  p o s i t i v e  r e l a t i o n  between income 
and a b s e n t e e i s m  is  s t r e n g t h e n e d  f o r  a g e s  o v e r  30 y e a r s .  

- C h e m i c a l  h e a l t h  h a z a r d s  c o n n e c t e d  w i t h  t h e  o c c u p a t i o n  
c l e a r l y  l e a d  t o  an  i n c r e a s e d  a b s e n t e e i s m .  P a r t i c u l a r l y  
exposed a r e  g r o u p s  working i n  t h e  m a n u f a c t u r i n g  i n d u s t r y ,  
t h e  p u b l i c  s e c t o r  ( h e a l t h  c a r e ) ,  and women o v e r  30 y e a r s .  

- S i z e  of  t h e  p l a n t  l e a d s  t o  i n c r e a s e d  a b s e n t e e i s m  o n l y  f o r  
p e o p l e  working w i t h i n  t h e  m a n u f a c t u r i n g  i n d u s t r y .  
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DISCUSSION 

The discussion of health care systems modeling by inter- 
national organizations and IIASA's national centers was chaired 
by Dr. Bailey. He began by observing that the morning's presen- 
tations seemed to be polarized between mathematical models with 
their algebraic complexity and the practical problems confronting 
planners in their day-to-day activities. He stressed the impor- 
tance of demonstrating the validity of models and of assuring 
that administrators find them credible. He felt that one ques- 
tion that must be asked of a model is, "Will administrators 
understand and accept it?" Finally, Dr. Bailey called upon the 
conference participants to try to bring modeling and practical 
decisionmaking together by means of a structured discussion. 

Dr. Graham then stated that his point of view about mod- 
eling is diametrically opposed to that put forward by Dr. Weiss. 
Dr. Graham noted that policymakers in the UK had argued similarly 
about the shortcomings of models, but that modelers and planners 
had finally reached some measure of agreement based on the fol- 
lowing considerations: 

- The more complex the system, the more models are needed. 
If a model is correspondingly complex, it does not pre- 
vent action but, rather, facilitates conscientious 
decisionmaking. 

- All decisionmakers, politicians as well as administrators, 
use models, although these are most often not explicitly 
formulated. It is the task of modelers to bring to light 
the implicit assumptions and tradeoffs that planners are 
making. 

- Model-builders often have the most success when poli- 
ticians and administrators are unaware that they are 
being affected. Through confrontation with explicitly 
formulated models, decisionmakers are often encouraged 
to evaluate consciously their own implicit models. 

- Most often the problem with models is not that they give 
false soZutions, but rather that the modeler is posing 
the wrong questions. 

- Finally, modeling should be considered just a part of 
the decisionmaking process which will be supplemented 
by moral judgments and other considerations. 

Dr. Weiss replied that he does not reject models, but 
rather appreciates their utility per se. He felt only that it 



i s  dangerous t o  t r y  t o  b u i l d  a  g e n e r a l  model wi th  a  g l o b a l  
t a r g e t .  The chances f o r  a  s u c c e s s f u l  model a r e  much g r e a t e r  
i f  it has  a  narrow t a r g e t .  

D r .  S p i e s  s a i d  t h a t  he suppor ted  modeling e f f o r t s  and f e l t  
t h a t  t hey  have a va luab le  p o t e n t i a l  f o r  a s s i s t i n g  decisionmaking.  
However, he f e l t  t h a t  t h e  assumptions o f  some e x i s t i n g  models must 
be modif ied.  For i n s t a n c e ,  consumption o f  medical  c a r e  may n o t  
n e c e s s a r i l y  equa l  t h e  a v a i l a b i l i t y  o f  c a r e .  Of ten  f u l l - f l e d g e d  
in fo rma t ion  campaigns a r e  needed t o  encourage people  t o  t a k e  ad- 
vantage  o f  medical  s e r v i c e s ,  such a s  v a c c i n a t i o n s .  D r .  S p i e s  
added t h a t  such f a c t o r s  a s  " fash ion"  may i n f l u e n c e  demand f o r  
care- - for  i n s t a n c e ,  cosmet ic  s u r g e r y .  He emphasized t h a t  such 
"demands" do n o t  n e c e s s a r i l y  cor respond t o  "need".  D r .  Sp i e s  
a l s o  noted  t h a t  consumption i s  o f t e n  manipula ted ,  e . g . ,  through 
t h e  a d v e r t i s i n g  campaigns o f  pharmaceut ica l  companies. 

D r .  S p i e s  t h e n  r e t u r n e d  t o  t h e  ep idemiologica l  model pre-  
s e n t e d  by D r .  Le Beux. He f e l t  t h a t  t h e  model i s  t o o  s imple  f o r  
a p p l i c a t i o n  t o  t h e  f i e l d  o f  i n f e c t i o u s  d i s e a s e ;  f o r  i n s t a n c e ,  it 
does  n o t  i n c l u d e  s u b c l i n i c a l  c a s e s  i n  which a  person  may n o t  even 
be  aware t h a t  he is a  d i s e a s e  c a r r i e r .  He s t r e s s e d  t h a t  such 
awareness may be c r e a t e d  through i n t e r a c t i o n  wi th  t h e  s o c i a l  
system, a s  p u b l i c  h e a l t h  educa to r s ;  t h e  p roces s  of  c r e a t i n g  
awareness should  be s u b j e c t  t o  more a n a l y s i s .  

D r .  Le Beux then  c l a r i f i e d  t h e  p r o p e r t i e s  o f  h i s  model. 
He exp la ined  t h a t  t h e  model does n o t  n e c e s s a r i l y  handle  r i s k  
f a c t o r s  i n  a  l i n e a r  manner, nor  does t h e  model assume t h a t  a l l  
peop le  exposed t o  a  r i s k  f a c t o r  w i l l  become s i c k .  He added t h a t  
i t  i s  p o s s i b l e  f o r  a  person  t o  remove h imsel f  from t h e  "exposed" 
popu la t i on ,  a s  by s topp ing  smoking. 

D r .  S p i e s  noted  t h a t  w i t h i n  t h e  exposed popu la t i on  t h e r e  
a r e  t h r e e  p o s s i b l e  r e a c t i o n s  t o  i n f e c t i o n :  s e l f - p r o t e c t i o n ,  
s u b c l i n i c a l  i n f e c t i o n ,  and i l l n e s s .  

A t  t h i s  p o i n t ,  D r .  Ba i ley  s t r e s s e d  t h a t  t h e  d i s c u s s a n t s  
should  dec ide  how much d e t a i l  it would be p roduc t ive  t o  go i n t o .  
He added t h a t  an e l a b o r a t e  systems model f o r  gonorrhea and i n -  
f l u e n z a  would be o f  g r e a t  importance i n  i n d u s t r i a l  s o c i e t i e s ;  
models of  o t h e r  i n f e c t i o u s  d i s e a s e s  could  be b e s t  a p p l i e d  i n  
developing  c o u n t r i e s .  

D r .  Rousseau then  spoke up i n  defense  o f  modeling. He f e l t  
t h a t  modeling makes p o s s i b l e  a  g r e a t e r  unders tanding  o f  how a  
system f u n c t i o n s ,  and t h a t  modeling can a l s o  g i v e  pol icymakers  
i n s i g h t  i n t o  t h e  impact  of  t h e i r  d e c i s i o n s .  Furthermore,  D r .  
Rousseau exp la ined ,  i f  a  model g i v e s  c redence  t o  a  h y p o t h e s i s ,  
f o r  i n s t a n c e ,  t h a t  t h e  working environment i n f l u e n c e s  h e a l t h ,  
p l a n n e r s '  t h i n k i n g  may be a f f e c t e d .  Th i s  could  occur  even i f  
t h e  model i s  n o t  implemented i n  t h e  p l a n n e r ' s  own coun t ry .  
D r .  Rousseau s t r e s s e d  t h a t  model b u i l d i n g  h e l p s  one t o  uncover 
f a l s e  a  p r i o r i  assumptions.  F i n a l l y ,  D r .  Rousseau noted t h a t  



modelers  must t a k e  i n t o  c o n s i d e r a t i o n  t h a t  one e f f e c t  o f  meeting 
needs may be t o  c r e a t e  more needs.  For  i n s t a n c e ,  b u i l d i n g  roads  
may r e s u l t  i n  more t r a f f i c  and t h u s  i n  a need f o r  more roads .  

The d i s c u s s i o n  t h e n  tu rned  t o  D r .  Andersson's  environment 
and h e a l t h  model when D r .  van Eimeren asked i f  p roduc t ive  o r  non- 
p r o d u c t i v e  h e a l t h  outcomes a r e  e x p l i c i t l y  i nc luded  i n  t h e  model. 
He mentioned t h a t  i n  t h e  c a s e  of  absentee ism o t h e r  workers  could  
do a c o l l e a g u e ' s  t a s k s  w i t h  no economic l o s s .  Another example 
would be t h e  replacement  of  a dead c h i l d .  He wondered how such 
c a s e s  were handled i n  D r .  Andersson's  model. D r .  van Eimeren 
a l s o  f e l t  t h a t  r e s e a r c h e r s  should  c o n c e n t r a t e  more on such prob- 
lems a s  t h e  v a l i d i t y  of concepts  and economies o f  s c a l e .  

D r .  Asva l l  emphasized t h a t  one should  s p e c i f y  what o n e ' s  
o b j e c t i v e s  a r e  i n  u s ing  models. He f e l t  t h a t  it i s  necessary  
t o  d i s t i n g u i s h  between models t h a t  look a t  t h e  consequences of 
c e r t a i n  a l l o c a t i o n  p o l i c i e s  and models t h a t  i n v e s t i g a t e  t h e  
impact  of  d e c i s i o n s  on h e a l t h  outcomes. I n  h i s  op in ion ,  even 
s imple  models of t h e  former t ype ,  which say  no th ing  about  out -  
come, could  be  v a l u a b l e  a t  t h e  n a t i o n a l  decis ionmaking l e v e l ,  
f o r  a t  t h e  p r e s e n t  t ime,  most f e d e r a l  m i n i s t r i e s  do n o t  have a 
good overview o f  t h e  h e a l t h  c a r e  system a s  a whole. Models t h a t  
show t h e  impacts  of  a d e c i s i o n  broaden t h e  knowledge o f  m i n i s t r i e s  
and b r i n g  more r a t i o n a l i t y  t o  p lanning .  For t h i s  r ea son ,  any 
model t h a t  g i v e s  a good overview can  be very  p roduc t ive .  On t h e  
o t h e r  hand, models t h a t  t r y  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  of  a 
p o l i c y  on h e a l t h  outcomes must be very d e t a i l e d  and look a t  a 
c l e a r l y  demarcated problem, such a s  h e a l t h  c a r e  f o r  hemophil iacs .  
D r .  Asva l l  f e l t  i t  would be v a l u a b l e  f o r  IIASA t o  con t inue  working 
on l a r g e - s c a l e  models o f  t h e  h e a l t h  c a r e  system. He wondered i f  
i t  would a l s o  be  p o s s i b l e  f o r  t h e  IIASA team t o  c a r r y  o u t  a very 
d e t a i l e d  s tudy  of  a narrow problem t o  t r y  t o  l i n k  policymaking 
w i t h  h e a l t h  outcomes. 

D r .  Kaihara t hen  e l a b o r a t e d  on t h e  change i n  t h e  "medical  
awareness f a c t o r "  ove r  t ime,  a s  measured i n  h i s  h e a l t h  c a r e  
s i m u l a t i o n  model. He exp la ined  t h a t  awareness o f  h e a l t h  prob- 
lems i n c r e a s e d  i n  h i s  s tudy  popu la t i on  ove r  t ime.  An a t t empt  
was made t o  c o r r e l a t e  t h i s  change w i t h  a s o c i a l  index  and it ap- 
peared  t h a t  awareness i n c r e a s e d  a s  weal th  i nc reased .  D r .  Kaihara 
a l s o  no ted  t h a t  p u b l i c  h e a l t h  educa t ion  t o o  has  a g r e a t  e f f e c t  
on awareness about  s p e c i f i c  d i s e a s e s .  He concluded wi th  t h e  
s t a t e m e n t  t h a t  t h e  u s e f u l n e s s  of  h i s  model must be proven by 
t e s t i n g  it w i t h  r e a l  s t a t i s t i c s .  

A s  t h e  morning 's  d i s c u s s i o n  drew t o  a c l o s e ,  D r .  Gibbs ad- 
d r e s s e d  t h e  q u e s t i o n  of  t h e  u s e f u l n e s s  o f  t h e  IIASA h e a l t h  c a r e  
systems models. He conceded t h a t  i n  t h e  e a r l y  phases  of  t h e  
modeling p r o j e c t  t h e  g o a l s  were t o o  ambi t ious  and should have 
been r ega rded  i n s t e a d  a s  a s p i r a t i o n s .  However, he s t r e s s e d  t h a t ,  
a s  had been demonstrated on t h e  p rev ious  day,  t h e  p r o j e c t ' s  work 
was now proceeding  w i t h  much more modest g o a l s .  D r .  Gibbs noted  
t h a t  t h e  p reva l ence  models do have u n i v e r s a l  u s e f u l n e s s  a s  t hey  



had been implemented i n  France  and t h e  GDR. H e  a l s o  n o t e d  t h a t  
t h e  r e s o u r c e  a l l o c a t i o n  model i s  b e i n g  u s e d  a t  t h e  p r e s e n t  t i m e  
by p l a n n e r s  i n  t h e  UK. 

D r .  Gibbs acknowledged t h a t  it i s  d i f f i c u l t  t o  communicate 
w i t h  p l a n n e r s ,  b u t  t h a t  a n  i m p o r t a n t  a i d  i s  a  l i n k  w i t h  n a t i o n a l  
i n s t i t u t i o n s .  Such a  l i n k  makes it p o s s i b l e  t o  c l a r i f y  t h e  com- 
p l e x  s t r u c t u r a l  a s p e c t s  o f  a  n a t i o n a l  h e a l t h  c a r e  sys tem,  which 
must  b e  c o n s i d e r e d  i n  t h e  p a r a m e t e r i z a t i o n  and implementa t ion  o f  
a  model i n  a  p a r t i c u l a r  n a t i o n a l  c o n t e x t .  

D r .  Fuchs-Kit towski  t u r n e d  t o  t h e  problem o f  o b t a i n i n g  
r e l i a b l e  d a t a  f o r  u s e  i n  h e a l t h  c a r e  model ing.  H e  p o i n t e d  o u t  
t h a t  t h e  t y p e  o f  d a t a  a v a i l a b l e  d i f f e r s  a c c o r d i n g  t o  t h e  coun- 
t r y  b e i n g  s t u d i e d .  For  i n s t a n c e ,  i n  t h e  USA t h e  b e s t  m o r b i d i t y  
d a t a  a r e  c o l l e c t e d  t h r o u g h  random sample s u r v e y s  o f  t h e  popula-  
t i o n .  H e  conc luded  by s a y i n g  t h a t  mode l ing ,  however p r o b l e m a t i c ,  
d o e s  b r i n g  a  s c i e n t i f i c  approach  t o  d e c i s i o n m a k i n g .  

The n o r n i n g ' s  d i s c u s s i o n  was b r o u g h t  t o  a  c l o s e  by D r .  
Andersson,  who e l a b o r a t e d  on h i s  economic model o f  env i ronment  
and h e a l t h .  H e  e x p l a i n e d  t h a t  h i s  model was d i r e c t e d  toward  
e q u i l i b r i u m - d i s e q u i l i b r i u m  p r o c e s s e s  r a t h e r  t h a n  o p t i m i z a t i o n .  
H e  n o t e d ,  t o o ,  t h a t  it i s  b e s t  t o  s t u d y  economies  o f  s c a l e  from 
t h e  p o i n t  o f  view o f  t e c h n o l o g y .  Speak ing  o f  t h e  way t h e  d e a t h  
o f  c h i l d r e n  is handled  i n  h i s  model,  D r .  Andersson e x p l a i n e d  t h a t  
c h i l d r e n  a r e  n o t  a  p a r t  o f  t h e  p r o d u c t i v e  economic s e c t o r ,  b u t  
a r e  c o n s i d e r e d  consumers o f  m e d i c a l  r e s o u r c e s .  
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Development o f  N a t i o n a l  
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FUTURE DIRECTIONS FOR THE IIASA HEALTH 
CARE SYSTEMS MODELING TASK 

E.N. S h i g a n  

I n  1978-79, t h e  H e a l t h  Care  Systems Task w i l l  c o n t i n u e  t o  
work i n  t h r e e  main d i r e c t i o n s  on t h e  e l a b o r a t i o n  o f  t h e  n a t i o n a l  
h e a l t h  c a r e  sys tems  model: e x p e r i m e n t a l ,  s c i e n t i f i c ,  and t e c h -  
n i c a l .  

DIRECTION ONE 

The e x p e r i m e n t a l  ( a p p l i e d )  method i s  t h e  c o n t i n u a t i o n  
o f  e x p e r i m e n t a t i o n  on a l l  p r e v i o u s l y  e l a b o r a t e d  IIASA models 
(POPULATION, MEMOD, AMER, DRAM) i n  d i f f e r e n t  IIASA NMO coun- 
t r ies .  The r e g i o n a l  h e a d q u a r t e r s  f o r  Europe o f  t h e  World 
H e a l t h  O r g a n i z a t i o n  (WHO) c o u l d  l e n d  u s  some s u p p o r t  i n  t h i s  
r e s p e c t .  When t e s t i n g  t h e s e  models i n  a  number o f  c o u n t r i e s ,  
i t  s h o u l d  b e  n o t e d  t h a t  t h e r e  i s  an e s t i m a t e d  d e v i a t i o n  de-  
pending  on d i f f e r e n t  socioeconomic and o t h e r  s i t u a t i o n s  found 
i n  t h e s e  c o u n t r i e s .  By means o f  t h e  same methodology,  it is  
p o s s i b l e  t o  compare e x i s t i n g  h e a l t h  c a r e  s y s t e m s  i n  t h e s e  coun- 
tr ies and t o  a i d  WHO i n  i t s  dec i s ionmaking  p r o c e s s .  

DIRECTION TWO 

Our s c i e n t i f i c  d i r e c t i o n  i s  a  r e f l e c t i o n  o f  f u r t h e r  develop-  
ment o f  t h e  e x i s t i n g  model and t h e  e l a b o r a t i o n  o f  new computer 
submodels .  As  s e e n  from t h e  r e p o r t  on t h e  AMER model,  it i s  
b a s e d  on t h e  a g g r e g a t e d  d a t a  on a l l  k i n d s  o f  d i s e a s e s  a s  w e l l  
a s  on a g g r e g a t e d  r e s o u r c e s .  During 1978-79, a t t e n t i o n  w i l l  
f o c u s  on t h e  e l a b o r a t i o n  o f  d i s a g g r o g a t e d  m o d e l s  f o r  e s t i m a t i n g  
r e s o u r c e  r e q u i r e m e n t s .  F o r  t h i s  purpose ,  i n f o r m a t i o n  on t h e  
d i f f e r e n t  c l a s s e 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 ,  
and t h e  s t r u c t u r e  o f  manpower, b e d s ,  and o t h e r  h e a l t h  c a r e  re- 
s o u r c e s  w i l l  b e  u s e d .  The e l a b o r a t i o n  of s u c h  a  model r e q u i r e s  
a  g r e a t  d e a l  o f  " r o u t i n e "  and s c i e n t i f i c  d a t a .  The development  
of t h i s  approach  depends  i m p o r t a n t l y  on t h e  s u p p o r t  o f  d i f f e r e n t  
n a t i o n a l  c e n t e r s ,  e s p e c i a l l y  on t h e i r  s u p p l y i n g  i n f o r m a t i o n .  

The h e a l t h  manpower  m o d e l  i s  aimed a t  f o r e c a s t i n g  t h e  r e -  
q u i r e m e n t s  o f  d i f f e r e n t  manpower r e s o u r c e s ,  i n c l u d i n g  d o c t o r s ,  
n u r s e s ,  and u n d e r g r a d u a t e  and p o s t g r a d u a t e  t r a i n e e s  f o r  t h e  
v a r i o u s  s p e c i a l t i e s .  T h i s  model w i l l  be  e l a b o r a t e d  i 1 1  c o l l a b -  
o r a t i o n  w i t h  t h e  Systems and D e c i s i o n  S c i e n c e s  Area. 



Mode l ing  i n t e r a c t i o n  among i n t e r n a l  and e x t e r n a 2  s u b s y s t e m s  
o f  t h e  n a t i o n a l  h e a l t h  c a r e  s y s t e m .  I n  t h e  modeling p roces s ,  
a t t e n t i o n  w i l l  be focused on t h e  r e l a t i o n s h i p  o f  t h e  d i f f e r e n t  
h i e r a r c h i c a l  l e v e l s  ( v e r t i c a l  r e l a t i o n s h i p )  t o  d i f f e r e n t  sub- 
systems o f  t h e  same l e v e l  ( h o r i z o n t a l  r e l a t i o n s h i p ) .  Taking 
i n t o  c o n s i d e r a t i o n  t h e  h e a l t h  c a r e  sys t em ' s  g r e a t  dependence 
on t h e  e x t e r n a l  system, it i s  a l s o  fo re seen  t h a t  we w i l l  simu- 
l a t e  t h e  r e l a t i o n s h i p  o f  t h e  i n t e r n a l  medical  subsystems t o  
v a r i o u s  socioeconomic, envi ronmenta l ,  e t c .  f a c t o r s .  

S ince  t h e  n a t i o n a l  h e a l t h  c a r e  systems model i s  o r i e n t e d  
toward t h e  dec is ionmaker ,  g r e a t  a t t e n t i o n  w i l l  be p a i d  t o  h i s  
o r  h e r  p a r t i c i p a t i o n  i n  and expe r i ence  w i t h  t h e  modeling pro- 
c e s s .  E x i s t i n g  misunders tandings  between t h e  decisionmaker and 
model-bui lder  mainly depend on t h e i r  d i f f e r e n t  p r o f e s s i o n a l  ex- 
p e r i e n c e  and knowledge. Thus i n v e s t i g a t i o n  o f  t h e  decisionmaking 
expe r i ence  i n  d i f f e r e n t  s i t u a t i o n s ,  i t s  g e n e r a l i z a t i o n ,  and mathe- 
m a t i c a l  d e s c r i p t i o n  i s  very  impor t an t  f o r  modeling n a t i o n a l  h e a l t h  
c a r e  systems.  

The b e h a v i o r  o f  t h e  d e c i s i o n m a k e r  w i l l  be s t u d i e d  i n  i t s  
d i f f e r e n t  s i t u a t i o n s ,  t imes ,  and r eg ions  (Gabrovo-Bulgaria, 
southwes t  r eg ion  o f  t h e  UK,  e t c .  ) . 

DIRECTION THREE 

The t e c h n i c a l  d i r e c t i o n  o f  t h e  a c t i v i t i e s  o f  t h e  Heal th  
Care Systems Task i s  very  c l o s e l y  connected w i t h  IIASA's 
I n f o r m a t i c s  Task. I t  may be p o s s i b l e  t o  a r r a n g e  f o r  t h e  ex- 
change o f  medical  i n fo rma t ion ,  programs, and models w i th  t h e  h e l p  
o f  t h e  computer network system. Such remote use  o f  t h e  IIASA and 
o t h e r  computer models e l a b o r a t e d  a t  d i f f e r e n t  c e n t e r s  w i l l  speed 
up t h e  p roces s  o f  modeling h e a l t h  c a r e  systems and w i l l  make t h e  
u t i l i z a t i o n  o f  t h e s e  computer models easy  f o r  dec is ionmakers  who 
may be a l l o c a t e d  very f a r  from t h e  computer c e n t e r .  

P rev ious  exper iments  conducted a t  IIASA between computer 
c e n t e r s  a t  IIASA and B r a t i s l a v a  (Czechoslovakia)  have shown 
p r a c t i c a l  use  i n  t h i s  d i r e c t i o n .  The t e c h n i c a l  r e l a t i o n s h i p  
o f  t h e  IIASA Modeling Heal th  Care Systems Task w i t h  n a t i o n a l  
computer c e n t e r s  and WHO ( a t  i t s  headqua r t e r s  a s  w e l l  a s  i t s  
o f f i c e  i n  Copenhagen) w i l l  be very  f r u i t f u l  f o r  bo th  s i d e s .  
But ,  above a l l ,  che a c t i v i t i e s  o f  t h e  smal l  Modeling Heal th  
Care Systems Task a t  IIASA c l o s e l y  depends on t h e  a c t i v i t i e s  
and s u p p o r t  o f  n a t i o n a l  and i n t e r n a t i o n a l  c e n t e r s  and on co l -  
l a b o r a t i o n  w i t h i n  IIASA. 



SOCIOECONOMIC INFLUENCES IN HEALTH 
AND HEALTH CARE MODELING 

P. Fleissner* 

INTRODUCTION 

Every simulation model in the field of systems analysis 
results from an abstraction process; it is not possible to 
model the real world as it is, nor is it possible to reproduce 
reality on a computer. Rather, one is obliged to simplify the 
complexity of the sector under investigation by means of a 
theory. Such a theory should reflect the essential elements 
and processes of the sector in question. 

If we apply these very general considerations to health 
care modeling, we must immediately ask: "Which concept of 
health and illness is (or should be).used to construct a health 
care model?" We must keep in mind that the type of model, the 
variables, and the interrelations always reflect the scientist's 
point of view and his or her concepts about illness, health, 
and health care. Of course, the model will also reflect--if 
the model is oriented toward empirical testing and practical 
application--the limitations of available data and the existing 
health care information systems. 

A review of the literature yields numerous ways of looking 
at health, illness, and the health care system (HCS). Seven 
approaches presently dominate the thinking of the scientific 
community** : 

1. The biological concept of health (morbidity and 
mortality, disease as a disturbance of equilibrium, 
and genetic and environmental theories of disease). 

2. The psychological concept of health (perceived health 
and illness, perceived deviance). 

3. The social concept of health (disability within the 
context of the socioeconomic environment). 

*I would like to thank Loretta Hervey for her editorial 
assistance. 

**The first five concepts were summarized by P. Purola in 
a paper delivered at the International Workshop on Health 
Policy within the Framework of Societal Policy, Vienna, 
Austria, January 1977. 



4 .  The b e h a v i o r a l  c o n c e p t  o f  h e a l t h  ( s i c k  r a t e ,  s i c k  
l e a v e s ,  p r o p e n s i t y  f o r  s e e k i n g  c a r e ,  r i s k - t a k i n g  
b e h a v i o r ,  i .e. , smoking) . 

5. The economic c o n c e p t  o f  h e a l t h  ( l o s s  o f  income, 
c o s t  o f  c a r e ,  l o s s  of  p r o d u c t i v i t y ,  s o c i a l  c o s t s ,  
e t c . )  . 

6 .  The m a n a g e r i a l  approach  t o  h e a l t h  ( t h e  optimum 
o r g a n i z a t i o n  and d i s t r i b u t i o n  o f  c a r e  w i t h i n  t h e  
e x i s t i n g  s t r u c t u r e  o f  t h e  h e a l t h  c a r e  s y s t e m ) .  

7 .  The p o l i t i c a l  c o n c e p t  o f  h e a l t h  (which g r o u p s  o f  
p e o p l e  i n f l u e n c e  t h e  h e a l t h  c a r e  sys tem and p o s s i b l e  
changes  i n  t h e  s t r u c t u r e  and r a n g e  o f  h e a l t h  c a r e ) .  

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

8 .  The i a t r o g e n i c  c o n c e p t  o f  d i s e a s e  ( d i s e a s e  c a u s e d  by 
m e d i c a l  c a r e ) .  

To p r o p e r l y  i n t e r p r e t  h e a l t h  c a r e  mode l s ,  it i s  n e c e s s a r y  
t o  i d e n t i f y  t h e  c o n c e p t s  on which t h e y  a r e  b a s e d .  A  r e c e n t  
r e v i e w  by t h e  IIASA team [ I ] ,  o f  e x i s t i n g  models  i n  t h i s  f i e l d  
c o n c e n t r a t e d  on  t h i s  q u e s t i o n .  W e  found t h a t  most models  a r e  
b a s e d  e i t h e r  on  t h e  b i o l o g i c a l  o r  economic c o n c e p t s  o f  h e a l t h .  
BioZog icaZ  models  u s u a l l y  c o n s i d e r  s e x ,  a g e ,  and c a t e g o r y  o f  
d i s e a s e ,  w h i l e  e c o n o m i c  models f o c u s  most o f t e n  on  t h e  problem 
o f  a l l o c a t i o n  o f  h e a l t h  c a r e .  

O t h e r  c o n c e p t s  o f  h e a l t h  a r e  r a r e l y  used  a s  a  b a s i s  f o r  
model b u i l d i n g .  V a r i a b l e s  such  a s  t h e  e t i o l o g y  o f  i l l n e s s ,  
working c o n d i t i o n s ,  l e i s u r e  t i m e  a c t i v i t i e s ,  e d u c a t i o n ,  income, 
and h o u s i n g  ( i n  b r i e f ,  soc ioeconomic  s t a t u s )  have  n o t  y e t  been 
i n c l u d e d  i n  h e a l t h  c a r e  models .  I t  a p p e a r s  t h a t  t h i s  i s  n o t  
o n l y  d u e  t o  t h e  p r e v a i l i n g  view o f  medic ine  a s  a  " h a r d "  s c i e n c e ,  
b u t  a l s o  d u e  t o  ( 1 )  l a c k  o f  d a t a ,  ( 2 )  l a c k  o f  a p p r o p r i a t e  
mode l ing  methods a n d ,  p e r h a p s  ( 3 )  t h e  b e l i e f  t h a t  s o c i a l  c o n d i -  
t i o n s  c a n n o t  b e  i n f l u e n c e d  i n  t h e  s h o r t  r u n .  

During t h e  p a s t  month, I have  e v a l u a t e d  e x i s t i n g  e m p i r i c a l  
e v i d e n c e  c o n c e r n i n g  t h e  i n f l u e n c e  of  soc ioeconomic  v a r i a b l e s  
on  h e a l t h  s t a t u s  ( a s  measured by m o r b i d i t y  and m o r t a l i t y ) .  
The r e s u l t s  o f  n e a r l y  e v e r y  s t u d y  s u p p o r t  t h e  h y p o t h e s i s  t h a t  
low s o c i a l  s t a t u s  i s  l i n k e d  t o  poor  h e a l t h  s t a t u s  i n  Western 
c o u n t r i e s .  

SOME EMPIRICAL RESULTS FOR AUSTRIA 

I have  a t t e m p t e d  t o  tes t  w h e t h e r  t h i s  r e l a t i o n s h i p  h o l d s  
i n  A u s t r i a .  Two t y p e s  o f  d a t a  w e r e  a n a l y z e d - - o f f i c i a l  mor- 
t a l i t y  s t a t i s t i c s  and r e s p o n s e s  t o  a  s u r v e y  o f  a  r e p r e s e n t a t i v e  



sample of the Austrian population. The results of the analysis 
are presented in two parts: first, the influence of selected 
socioeconomic factors and medical supply indicators on mortal- 
ity rates are evaluated; and second, survey data dealing with 
physical and psychological complaints, sick leaves, and hos- 
pital stays are analyzed according to the socioeconomic status 
of the respondents. 

Socioeconomic Status and Mortality Rates 

This part of the analysis focused on the correlation be- 
tween mortality rates and selected socioeconomic indicators 
(nationality, religion, education, type of employment, etc.). 
Mortality data were stratified by sex, age (19 age groups), 
and province*. Correlation coefficients were computed at 
1 percent, 5 percent, and 10 percent levels of significance. 

Table 1 shows the correlation between male mortality rates 
by age group and selected socioeconomic indicators for the 
years 1969-1973 in Austria. Note the high correlation between 
infant mortality rates and parental employment in the mining 
industry (5 percent significance). High mortality is also 
associated with provinces in which a large percentage of the 
population works in agriculture and forestry. It is not sur- 
prising that mortality rates are also high among the self- 
employed, an occupational category consisting largely of farm- 
ers. Other occupational categories subject to high mortality 
rates include construction workers and skilled blue-collar 
workers. As may be expected, correlations between mortality 
rates and indicators of socioeconomic status are quite weak 
for the under-15 age groups. 

Gross Regional Product per Capita and Mortality 

Data in Table 2 show the association between mortality 
rates and the gross regional product per capita for 1 1  economic 
sectors in Austria. The only strong relationship, measured in 
terms of elasticities, is found between the mortality rate and 
the gross regional product per capita in the agriculture and 
forestry sector. The term "elasticity" denotes the factor of 
change in the dependent variable associated with a unit change 
in the independent (economic) variable. There is little dif- 
ference in the findings for male and female employees in the 
various economic sectors. 

- 
*Niederosterreich, OberOsterreich, Burgenland, Salzburg, Karnten, 
Steiermark, Tirol, and Vorarlberg. Vienna was excluded because 
the health of its population is affected by special factors, 
such as environmental pollution. 



Table 1. Correlation matrix: male mortality by age groups 
(1969 to 1973) and socioeconomic indicators, Austria 
(Vienna excluded) , 197 1 . 

Age groups 

Socioeconomic i n d i c a t o r s  0-1 1-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 

Percentage of  populat ion 
i n  each ca tegory  

Working populat ion 0 1  

Agr icu l tu re  and f o r e s t r y  02 

Energy and water 03 

Mining 04 ++ 
Industry and manu- 

f a c  t u r i n g  t r a d e  0 5 ++ 
Construct ion 06 

Trade and s t o c k s  0 7 ++ 
Hotels  and r e s t a u r a n t s  08 - 
T r a f f i c  and communication 09 ++ -- - - 

Banking and insurance 10 - -- --- -- -- 
Other s e r v i c e s  11 -- + 
Unknown 12 - 
Self-employed 13  

Employed by self-employed 
family member 14 - - 

Tota l  employed 15 ++ 
White-collar workers 16 + -- - --- -- -- 
S k i l l e d  workers 

Other  workers 

Univers i ty  educat ion 19 

High school  educat ion 2 0 

Medical educat ion 
( inc lud ing  t r a d e  school)  21 

Apprentice educat ion 22 -- + 
Other educat ion 

( inc lud ing  primary) 2 3 

R e t i r e d  24 - - ++ +++ + + ++ 
Unknown profess ion  25 - - + - 

Levels  o f  s i g n i f i c a n c e :  +++, --- 1 percen t  
++, -- 5 percen t  

+, - 10 percent  



Average for 
40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85 85+ a l l  age groups 



T a b l e  2 .  M o r t a l i t y  r a t e s  (1969-1973) and g r o s s  r e g i o n a l  p r o d u c t  
p e r  c a p i t a ,  A u s t r i a  (Vienna e x c l u d e d ) ,  1971. 

E l a s t i c i t i e s  

Economic sec tor  Male Female 

Agriculture and fores try  +++ .32 +++ .36 
Industry - .07 - .05  
Manufacturing trade --- -. 45 -- -.48 
Construction --- -. 43 -- -.48 
E l e c t r i c i t y ,  gas ,  water --- -.28 - - -. 3 1  
Traf f ic  -- -. 35 - -. 37 
Trade - - .24 - - .26 
Banking --- -. 38 --- - .45 
Housing - - .48 - - .55 
Public s e r v i c e s  -. 52 -. 59 
Other serv ices  - - - .20 - - -. 22 
Total gross  product per capita - - - .54 - - .57 

Levels  o f  s ign i f i cance:  

+++, --- 1 percent 
++, -- 5 percent 
+, - 10 percent 

I n d i c a t o r s  o f  Medical  Supply and M o r t a l i t y  

The a n a l y s i s  o f  t h e  i n f l u e n c e  o f  medica l  s u p p l y  ( a s  measured 
by d e n s i t y  o f  p h y s i c i a n s  and a v a i l a b i l i t y  o f  b e d s )  on m o r t a l i t y  
r a t e s  d i d  n o t  p r o v i d e  c o n c l u s i v e  r e s u l t s .  A s  T a b l e  3  shows, t h e  
d e n s i t y  o f  g e n e r a l  p r a c t i t i o n e r s  and o f  t o t a l  p h y s i c i a n s  was n o t  
a s s o c i a t e d  s i g n i f i c a n t l y  w i t h  m o a t a l i t y  r a t e s .  The h i g h  e l a s t i c -  
i t y  between m o r t a l i t y  and d e n s i t y  o f  d e n t i s t s  s h o u l d  b e  i n t e r -  
p r e t e d  a s  an  example o f  e c o l o g i c a l  f a l l a c y :  d e a t h  r a t e s  a r e  lower  
i n  w e a l t h y  r e g i o n s  and d e n t i s t s  a r e  most l i k e l y  t o  se t t l e  i n  such  
r e g i o n s .  

N u t r i t i o n  and M o r t a l i t y  

An i n v e s t i g a t i o n  o f  t h e  p o s s i b l e  c o n n e c t i o n  between n u t r i t i o n  
and m o r t a l i t y  r a t e s  y i e l d e d  t h e  most  s i g n i f i c a n t  r e s u l t s  (Tab le  4 ) .  
E l a s t i c i t i e s  g r e a t e r  t h a n  two were computed f o r  t h e  amount o f  
money s p e n t  f o r  food and m o r t a l i t y  r a t e s .  When t h e  food budge t  
was d i s a g g r e g a t e d  by t y p e  o f  food  p u r c h a s e d ,  t h e  f o l l o w i n g  c o r -  
r e l a t i o n s  were found:  p u r c h a s e  o f  e g g s ,  m i l k ,  f r u i t ,  n u t s ,  vege- 
t a b l e s ,  j u i c e ,  t e a ,  c o f f e e ,  and p r e p a r e d  food i s  l i n k e d  t o  reduced 
m o r t a l i t y  r a t e s ;  p u r c h a s e  o f  meat ( i n  A u s t r i a  m o s t l y  p o r k ) ,  b r e a d ,  
s p i c e s ,  wine ,  and m i n e r a l  w a t e r  seem t o  r a i s e  m o r b i d i t y  r a t e s  
s i g n i f i c a n t l y  . 

T a b l e  5 shows s i g n i f i c a n t  c r o s s - c o r r e l a t i o n s  between d i f -  
f e r e n t  t y p e s  o f  food consumption,  a s  measured by t h e  p e r c e n t a g e  



T a b l e  3. M o r t a l i t y  r a t e s  (1969-1973) a n d  m e d i c a l  s u p p l y  
i n  A u s t r i a  (V ienna  e x c l u d e d )  , 1971 .  

E l a s t i c i t i e s  

Medical  s u p p l y  i n d e x  Male Female 

D e n s i t y  o f  GPs . 00 .07 
Dens i ty  o f  s p e c i a l i s t s  - -. 25 -. 28 
D e n s i t y  o f  d e n t i s t s  - - -. 3 1  - - -.34 
D e n s i t y  o f  M D s  i n  t r a i n i n g  -.09 -. 09 
D e n s i t y  o f  a l l  MDs  -. 27 -. 28 
Beds a c t u a l l y  a v a i l a b l e  .ll -14 
D e n s i t y  o f  beds  -. 14 -. 14 

T a b l e  4 .  M o r t a l i t y  r a t e s  (1969-1973)  a n d  n u t r i t i o n  i n  
A u s t r i a ,  e x p e n d i t u r e s ,  1973.  

E l a s t i c i t i e s  

Male Female 

1 Food budge t  i n  A u s t r i a n  s c h i l l i n g s  p e r  month --- -2.15 --- -2.43 

P e r c e n t a g e  s p e n t  f o r :  

2 Meat, mea t  p r o d u c t s  +++ 2.03 ++ 2.13 
3 F i s h  - 6 6  - 9 8  

4 Eggs --- -3.11 - - -3.40 
5 Milk --- -. 9 1  --- -1.03 
6 F a t  ++ .38  .38 
7 Bread - 9 8  1.02 
8 F r u i t  - - -. 93 - - -. 96 
9 Nuts -- - .63  - - .80 

1 0  Vege tab le s  -- -1.12 - -1.17 
11 P o t a t o e s  -. 30 -. 37 
12  S p i c e s  1.32 1 .17 
1 3  Beverages  + 1.11 1.18 
14 Beer - .43 -. 60 
1 5  Wine + - 3 7  + -40  
1 6  Brandy - . 4 1  -.62 
17 Othe r  a l c o h o l i c  beve rages  .10 .12  
1 8  J u i c e  ( f r u i t ,  v e g e t a b l e )  -- - .67 - - .70 
1 9  Mine ra l  w a t e r  ++ .26  ++ .29  
20 O t h e r  n o n a l c o h o l i c  beve rages  - 1 3  .18  
2 1  Tea,  c o f f e e  - - -.84 -- -. 94 
22 P repa red  f o o d  - - -.90 - - -. 90 
23 E a t i n g  o u t  . 00 .14 

L e v e l s  o f  s i g n i f  i c a n c e :  

+++, --- 1 p e r c e n t  
++, -- 5 p e r c e n t  

+, - 10 p e r c e n t  
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o f  t h e  food  b u d g e t  s p e n t  on e a c h  o f  t h e  22 c a t e g o r i e s  o f  food .  
The d a t a  i n d i c a t e  t h a t  t h e r e  a r e  s i g n i f i c a n t  i n t e r c o r r e l a t i o n s  
among " h e a l t h y "  t y p e s  o f  food ,  a s  d i s c u s s e d  above ,  a s  w e l l  a s  
among " u n h e a l t h y "  f o o d s .  Moreover,  t h e r e  a r e  a lways s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n s  between foods  from t h e  two g r o u p s .  The 
p e r c e n t a g e  o f  e x p e n d i t u r e s  f o r  " h e a l t h y "  foods  i s  p o s i t i v e l y  
c o r r e l a t e d  w i t h  o v e r a l l  food  e x p e n d i t u r e s ;  moreover ,  t h e  per -  
c e n t a g e  o f  e x p e n d i t u r e s  f o r  " u n h e a l t h y "  foods  i s  n e g a t i v e l y  
c o r r e l a t e d  w i t h  o v e r a l l  food e x p e n d i t u r e s .  

Socioeconomic S t a t u s  and Morb id i ty  

I n  1973, a  r e p r e s e n t a t i v e  sample o f  90,000 A u s t r i a n  c i t i z e n s  
p a r t i c i p a t e d  i n  a  h e a l t h  s u r v e y .  Q u e s t i o n n a i r e s  were u s e d  t o  
c o l l e c t  d a t a  on  s u c h  h e a l t h  s t a t u s  v a r i a b l e s  a s  p h y s i c a l  and 
p s y c h o l o g i c a l  c o m p l a i n t s ,  i l l n e s s e s ,  d o c t o r  v i s i t s ,  and  h o s p i t a l  
v i s i t s .  * 

Cases  o f  i l l n e s s  r e p o r t e d  by s u r v e y  r e s p o n d e n t s  w e r e  grouped 
i n t o  12 d i a g n o s t i c  c a t e g o r i e s .  They a r e :  

A. I n f l u e n z a  

B.  C h r o n i c  b r o n c h i t i s ,  as thma,  e t c .  

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

D. H e a r t  a t t a c k  

E. D i s e a s e s  o f  t h e  d i g e s t i v e  s y s t e m  

F. N e u r a l g i c  d i s e a s e s  

G.  D i s e a s e s  o f  t h e  s p i n e  and  j o i n t s  

H .  Eye d i s e a s e s  

I .  E a r  d i s e a s e s  

J .  S k i n  d i s e a s e s  

K. F r a c t u r e s ,  o t h e r  i n j u r i e s  

L. A l l  o t h e r  c a u s e s  

Socioeconomic s t a t u s  was measured by t y p e  o f  employment: 

* I  am i n d e b t e d  t o  t h e  A u s t r i a n  C e n t r a l  S t a t i s t i c a l  O f f i c e  f o r  t h e  
s p e c i a l  p r o c e s s i n g  o f  t h e  q u e s t i o n n a i r e s  which p e r m i t t e d  m e  t o  
a n a l y z e  t h e  d a t a  a c c o r d i n g  t o  t h e  soc ioeconomic  s t a t u s  o f  t h e  
r e s p o n d e n t s .  



1  . A p p r e n t i c e ,  b l u e - c o l l a r  

2 .  A p p r e n t i c e ,  w h i t e - c o l l a r  

3 .  U n s k i l l e d ,  b l u e - c o l l a r  

4 .  S e m i s k i l l e d ,  b l u e - c o l l a r  

5 .  S k i l l e d ,  b l u e - c o l l a r  

6 .  A s s i s t a n t  ( u n s k i l l e d ) ,  w h i t e - c o l l a r  

7. U n q u a l i f i e d ,  w h i t e - c o l l a r  

8 .  S e m i q u a l i f i e d ,  w h i t e - c o l l a r  

9 .  Q u a l i f i e d ,  w h i t e - c o l l a r  

10.  Q u a l i f i e d  m a n a g e r i a l ,  w h i t e - c o l l a r  

11.  Self -employed 

12.  Employed by  h e a d  o f  f  arnily 

T h r e e  o f  t h e  employment c a t e g o r i e s  r e p r e s e n t  b l u e - c o l l a r  workers ;  
f i v e ,  w h i t e - c o l l a r  w o r k e r s ;  two, t h e  se l f -employed  and t h e i r  
r e l a t i v e s ;  and  two, a p p r e n t i c e  s t a t u s .  Q u e s t i o n n a i r e  r e s p o n s e s  
were  a n a l y z e d  a c c o r d i n g  t o  t h e  a g e  and s e x  o f  t h e  r e s p o n d e n t s ,  
a s  w e l l  a s  by d i a g n o s t i c  g r o u p  and soc ioeconomic  c a t e g o r y .  

I n  T a b l e s  6 and 7 ,  t h e  c a s e s  of  i l l n e s s ,  by d i a g n o s t i c  g r o u p ,  
r e p o r t e d  by r e s p o n d e n t s  i n  e a c h  soc ioeconomic  c a t e g o r y  a r e  com- 
p a r e d  t o  t h e  r e s p o n s e s  g i v e n  by t h e  members o f  t h e  o t h e r  s o c i o -  
economic c a t e g o r i e s .  A  p l u s  s i g n  (+) f o r  soc ioeconomic  c a t e g o r y  
i i n  row j  and  column k  means t h a t  t h e  f r e q u e n c y  o f  o c c u r r e n c e  
o f  c a s e s  o f  i l l n e s s  o f  d i a g n o s t i c  g roup  k  i s  h i g h e r  f o r  c a t e g o r y  
j  t h a n  f o r  c a t e g o r y  i ,  t o  a 10 p e r c e n t  l e v e l  o f  s i g n i f i c a n c e .  
By c o n s t r u c t i n g  a  h e a l t h  s t a t u s  i n d e x  (HSI) where  

HSI f o r  = number o f  + s i g n s  i n  m a t r i x  f o r  c a t e g o r y  i 
c a t e g o r y  i number o f  + and  - s i g n s  i n  m a t r i x  f o r  c a t e g o r y  i 

it i s  p o s s i b l e  t o  o b t a i n  a  r e l a t i v e  measure o f  r e p o r t e d  h e a l t h  
s t a t u s  f o r  e a c h  soc ioeconomic  c a t e g o r y .  The HSI c o r r e c t s  f o r  
d i f f e r e n c e s  i n  sample  s i z e  t o  a c e r t a i n  d e g r e e .  I ts r a n g e  i s  
0  I. HSI 1 1 .  

The HSI c a n  b e  u s e d  t o  r a n k  t h e  soc ioeconomic  a a t e g o r i e s  
a c c o r d i n g  t o  t h e i r  r e l a t i v e  h e a l t h  s t a t u s .  A s  shown i n  T a b l e  8 ,  
t h e  se l f -employed  s e e m  t o  e n j o y  t h e  b e s t  r e l a t i v e  p o s i t i o n  w i t h  
r e g a r d  t o  h e a l t h  s t a t u s ,  f o l l o w e d  by w h i t e - c o l l a r  w o r k e r s .  Blue- 
c o l l a r  w o r k e r s  g e n e r a l l y  r a n k  l o w e s t .  O u a l i f i e d ,  m a n a g e r i a l  



Table 6. Cases of reported illness by employment category (male). 

1. Apprentice, blue-collar 2. Apprentice, white-collar 
(HSI* = -71) (i) (HSI = .20) 

Diagnostic group (k) + 

A B C D E F G H I J K L  A B C D E F G H I J K L  

x 1 
2 + + 
3 - + +  + + +  - 

Socio- 4 - + +  + + +  
economic 5 + + + +  - + 
category 6 + + + + - 

(j) 7 + - 
4. 

8 + + + + +  - + 
9 + + -  - - +  
10 + +  + +  - + 
1 1 -  + + + +  - - -  
12 - + - 

3. Unskilled, blue-collar 4. Semiskilled, blue-collar 
(HSI = -38) (HSI = -13) 

A B C D E F G H I J K L  A B C D E F G H I J K L  

5. Skilled, blue-collar 6. Assistant (unskilled), 
(HSI = -26) white-collar (HSI = .32) 

A B C D E F G H I J K L  A B C D E F G H I J K L  

*~eaith status index 



Table  6 .  ( con t inued )  

7 .  U n q u a l i f i e d ,  w h i t e - c o l l a r  
( H S I  = - 7 1 4 )  

A B C D E F G H I J K L  

1 - + 
2  + 
3 + 
4  + 
5 + 
6 

x 7  
8 
9 

10 
11 

9. Q u a l i f i e d ,  w h i t e - c o l l a r  
( H S I  = - 7 3 )  

A B C D E F G H I J K L  

11. S e l f - e m p l o y e d  
( H S I  = - 7 6 )  

A B C D E F G H I J K L  

I +  - - - -  + + + 
2 + + -  + 
3 - +  + + + +  
4  + + + + + +  
5 + + + + + + +  
6 + + 
7  
8 + + 
9 + - + 

10 + + - + 
x l l  

1 2  - 

8. S e m i q u a l i f i e d ,  w h i t e -  
col lar  ( H S I  = - 5 0 )  

A B C D E F G H I J K L  

10. Q u a l i f i e d  m a n a g e r i a l ,  
w h i t e - c o l l a r  ( H S I  = - 4 7 )  

A B C D E F G H I J K L  

1 2 .  Employed by h e a d  of 
f a m i l y  ( H S I  = - 9 6 )  

A B C D E F G H I J K L  



Table 7. Cases of reported illness by employment category (female) . 
1. Appren t i ce ,  b l u e - c o l l a r  2. A p p r e n t i c e ,  w h i t e - c o l l a r  

(HSI* = - 9 5 )  (HSI = -60 )  

D i a g n o s t i c  g r o u p  (k l  + 

A B C D E F G H I J K L  

x l  
2 + + 
3 + + + 

Socio-  4 + + 
economic 5 + 
c a t e g o r y  6 

( j l  7 +  + 
8 

+ 9 +  
+ 
+ 

1 0 +  + + + 
11 + 
12 + + - 

3.  U n s k i l l e d ,  b l u e - c o l l a r  
(HSI = .26)  

A B C D E F G H I J K L  

5. S k i l l e d ,  b l u e - c o l l a r  
(HSI = - 4 5 )  

A B C D E F G H I J K L  

A B C D E F G H I J K L  

4. S e m i s k i l l e d ,  b l u e - c o l l a r  
(HSI = .24)  

A B C D E F G H I J K L  

6. ~ s s i s t a n t  ( u n s k i l l e d )  , 
w h i t e - c o l l a r  (HSI = .75l 

A B C D E F G H I J K L  

*Hea l th  s t a t u s  i ndex  



T a b l e  7.  ( c o n t i n u e d )  

7. Unqualified, white-collar 
(HSI = -4782) 

A B C D E F G H I J K L  

9. Qualified, white-collar 
(HSI = -55) 

A B C D E F G H I J K L  

11. Self -employed 
(HSI = .83) 

A B C D E F G H I J K L  

1 - 
2 +  - + 
3 + + + 
4 + + + + + 
5 + + 
6 - 
7 + 
8 + 
9 +  - 
l o + + +  + 

xll 
12 - 

8. Semiqualified, white- 
collar (HSI = -481) 

A B C D E F G H I J K L  

10. Qualified managerial, 
white-collar (HSI = 0.00) 

A B C D E F G H I J K L  

12. mployed by head of 
family (HSI = -77) 

A B C D E F G H I J K L  



T a b l e  8 .  Order  o f  r e l a t i v e  h e a l t h  s t a t u s  a s  measured by t h e  
h e a l t h  s t a t u s  i n d e x ,  by soc ioeconomic  c a t e g o r y  and  
i l l n e s s  g roup ,  A u s t r i a ,  1973 ( a p p r e n t i c e s  e x c l u d e d ) .  

Health 
s t a t u s  Male Female 

B e s t  Employed by head o f  fami ly  S e l f  -employed 

t S e l f  -employed Employed by head o f  fami ly  

Q u a l i f i e d ,  whi te -co l lar  A s s i s t a n t ,  whi te -co l lar  
Unqua l i f i ed ,  whi te -co l lar  Q u a l i f i e d ,  w h i t e - c o l l a r  
Semiqual i f  i e d ,  whi te -co l lar  Semiqua l i f i ed ,  w h i t e - c o l l a r  
Qua l i f i ed  managerial ,  white- Unqua l i f i ed ,  whi te -co l lar  

c o l l a r  

Unsk i l l ed ,  b l u e - c o l l a r  S k i l l e d ,  b l u e - c o l l a r  
Unsk i l l ed ,  b l u e - c o l l a r  

A s s i s t a n t  ( u n s k i l l e d ) ,  white-  Semisk i l l ed ,  b l u e - c o l l a r  
c o l l a r  

1 S k i l l e d ,  b l u e - c o l l a r  Qua l i f i ed  managerial ,  white-  
Worst S e m i s k i l l e d ,  b l u e - c o l l a r  c o l l a r  

w h i t e - c o l l a r  f e m a l e  workers  d e v i a t e  f rom t h i s  p a t t e r n ,  f o r  t h e i r  
r e l a t i v e  h e a l t h  s t a t u s  i s  l o w e s t  among female  workers .  P e r h a p s  
t h i s  i s  due t o  t h e  stress o f  compet ing  w i t h  men on  t h e  job  i n  
a d d i t i o n  t o  f u l f i l l i n g  t h e  u s u a l  o b l i g a t i o n s  ( k i t c h e n ,  c h i l d r e n ,  
h o u s e h o l d ) .  T h i s  c o u l d  a l s o  b e  a  r e a s o n  why u n q u a l i f i e d ,  s e m i -  
q u a l i f i e d ,  and  q u a l i f i e d  female  w h i t e - c o l l a r  workers  have  lower  
HSI v a l u e s  t h a n  t h e i r  male  c o l l e a g u e s .  These r e s u l t s  h o l d  f o r  
b o t h  r e p o r t e d  f requency  o f  o c c u r r e n c e  o f  i l l n e s s  and r e p o r t e d  
d u r a t i o n  o f  i l l n e s s .  

The h i g h  HSI v a l u e  f o r  t h e  se l f -employed  (mos t ly  f a r m e r s )  
r e l a t i v e  t o  o t h e r  workers  i s  n o t  e a s y  t o  i n t e r p r e t .  A s  i n  e v e r y  
i n v e s t i g a t i o n  o f  t h i s  t y p e ,  it i s  d i f f i c u l t  t o  judge whether  
h e a l t h  s t a t u s  i s  due t o  good r e s i s t a n c e  t o  i l l n e s s  o r  f a v o r a b l e  
e n v i r o n m e n t a l  c o n d i t i o n s ,  o r  whe ther  it r e s u l t s  from r e l u c t a n c e  
t o  r e p o r t  i l l n e s s  o r  a  low s e n s i t i v i t y  toward  p e r c e i v i n g  i l l n e s s  
The f a c t  t h a t  o t h e r  A u s t r i a n  s t u d i e s  have found t h a t  female  
f a r m e r s  i n  t h e i r  t h i r t i e s  have m o r t a l i t y  r a t e s  a b o u t  t h r e e  t i m e s  
h i g h e r  t h a n  t h e  A u s t r i a n  a v e r a g e  i n d i c a t e s  t h a t  t h e  h i g h  HSI 
s c o r e s  do n o t  n e c e s s a r i l y  c o r r e s p o n d  t o  good h e a l t h .  

Tab le  6 i n d i c a t e s  t h a t  s e m i s k i l l e d  b l u e - c o l l a r  workers  have 
t h e  l o w e s t  HSI ( . 1 3 ) .  F o r  each  d i a g n o s t i c  g roup  t h e  s i g n s  a r e  
n e g a t i v e ,  w i t h  t h e  e x c e p t i o n  o f  i n f l u e n z a  and h e a r t  a t t a c k .  The 
two h i g h e s t  c a t e g o r i e s  o f  w h i t e - c o l l a r  workers  and a p p r e n t i c e s  
r e p o r t e d  more i n f l u e n z a .  T h i s  may r e s u l t  from a  g r e a t e r  s e n s i -  
t i v i t y  toward  i l l n e s s  among workers  i n  t h e s e  soc ioeconomic  
c a t e g o r i e s .  



Noteworthy is  the f i n d i n g  t h a t  t h e  h i g h e s t  r a t e s  o f  h e a r t  
a t t a c k s  among males  were r e p o r t e d  by u n s k i l l e d  a s s i s t a n t  whi te -  
c o l l a r  ( s t r a t u m  6 )  and m a n a g e r i a l  w h i t e - c o l l a r  workers  ( s t r a t u m  
1 0 ) .  The h i g h  r a t e s  among l o w - s t a t u s  w h i t e - c o l l a r  males  c h a l -  
l e n g e  t h e  p o p u l a r  b e l i e f  t h a t  t h e  "manager c l a s s "  h a s  t h e  h i g h e s t  
r i s k  o f  h e a r t  a t t a c k .  

Looking s p e c i f i c a l l y  a t  women, soc ioeconomic  d i f f e r e n c e s  
i n  r e p o r t e d  r a t e s  o f  h e a r t  a t t a c k  a r e  n o t  h i g h l y  v i s i b l e .  
S e m i q u a l i f i e d  w h i t e - c o l l a r  workers  r e p o r t e d  h i g h e r  r a t e s  t h a n  
u n q u a l i f i e d  w h i t e - c o l l a r  workers .  T h e r e  w e r e  n o  s i g n i f i c a n t  
d i f f e r e n c e s  between t h e  r a t e s  f o r  o t h e r  s t r a t a .  

Numerous o b s e r v a t i o n s  c o u l d  b e  made a b o u t  t h e  r e p o r t e d  r a t e s  
o f  i l l n e s s  by employment c a t e g o r y  a s  p r e s e n t e d  i n  T a b l e s  6  and 7 .  
However, s p a c e  l i m i t a t i o n s  p e r m i t  o n l y  one  a d d i t i o n a l  comment: 
male  a p p r e n t i c e s  have  h i g h e r  i n j u r y  r a t e s  t h a n  a l l  o t h e r  s t r a t a ,  
w i t h  t h e  e x c e p t i o n  o f  s e m i s k i l l e d  b l u e - c o l l a r  males .  A s  d i s -  
c u s s e d  above ,  t h e s e  g roups  a l s o  s c o r e d  v e r y  low on t h e  HSI. 
These r e s u l t s  i n d i c a t e  t h e  u r g e n t  need f o r  p r e v e n t i v e  h e a l t h  
programs d i r e c t e d  a t  t h e s e  workers .  

Another  a n a l y t i c a l  p r o c e d u r e  a p p l i e d  t o  t h e  m o r b i d i t y  d a t a  
was t h e  c o n s t r u c t i o n  o f  " s i m i l a r i t y  m a t r i c e s "  f o r  t h e  12 s o c i o -  
economic g roups  ( T a b l e  9 ) .  S i m i l a r i t y  m a t r i c e s  a r e  based  on a  
comparison o f  r e p o r t e d  m o r b i d i t y  r a t e s  by age  g roup ,  and t h e  
e l e m e n t s  o f  t h e  m a t r i x  show t h e  number o f  s i g n i f i c a n t  d i f f e r e n c e s  
i n  r e p o r t e d  i l l n e s s  between two soc ioeconomic  g r o u p s  f o r  e a c h  o f  
t h e  f i v e  a g e  g roups .  I n  Tab le  9 ,  u s i n g  a  r a n g e  o f  0  t o  5,  a  0  
i n  t h e  i - t h  row and j - th  column i n d i c a t e s  t h a t  t h e r e  i s  no  s i g -  
n i f i c a n t  d i f f e r e n c e  between t h e  p e r c e n t a g e  o f  workers  i n  e a c h  
soc ioeconomic  g roup  who do  n o t  r e p o r t  s e v e r e  i l l n e s s  i n  any age 
g r o u p .  A 5 i n  t h e  i - t h  row and j - t h  column i n d i c a t e s  a  s i g n i f i -  
c a n t  d i f f e r e n c e  f o r  e a c h  age  group o f  t h e  two soc ioeconomic  c a t e -  
g o r i e s .  I n  t h i s  manner,  each  p a i r  o f  economic c a t e g o r i e s  i s  
a s s o c i a t e d  w i t h  a  g i v e n  d e g r e e  o f  s i m i l a r i t y  (DOS). 

A n a l y s i s  o f  t h e  m a t r i c e s  p o i n t s  o u t  c l u s t e r s  o f  soc ioeconomic  
c a t e g o r i e s  w i t h  s i m i l a r  p a t t e r n s  o f  r e p o r t e d  i l l n e s s  ( F i g u r e  1 ) .  
There  i s  a  h i g h  d e g r e e  o f  s i m i l a r i t y  (DOS = 0 )  among a l l  male  
b l u e - c o l l a r  workers  ( u n s k i l l e d ,  s e m i s k i l l e d ,  and  s k i l l e d ) ,  a s  
w e l l  a s  among u n s k i l l e d  and s e m i q u a l i f i e d  male  w h i t e - c o l l a r  
workers  and u n q u a l i f i e d  and s e m i q u a l i f i e d  male  w h i t e - c o l l a r  
w o r k e r s .  Q u a l i f i e d  male  w h i t e - c o l l a r  workers  and q u a l i f i e d  
m a n a g e r i a l  w h i t e - c o l l a r  workers  a l s o  show a  s i m i l a r i t y  i n  re- 
p o r t i n g  s e v e r e  i l l n e s s .  There  i s  a  h i g h  d e g r e e  o f  s i m i l a r i t y  
(DOS = 0 )  among a l l  f emale  w h i t e - c o l l a r  w o r k e r s .  O t h e r  p a i r s  
o f  soc ioeconomic  c a t e g o r i e s  t h a t  show s i m i l a r i t y  (DOS = 0 )  i n  
r a t e s  o f  r e p o r t e d  s e v e r e  i l l n e s s  a r e  m a n a g e r i a l  w h i t e - c o l l a r  
women and semiqua l  i f i e d  b l u e - c o l l a r  women, s e m i q u a l i  f i e d  whi te -  
c o l l a r  women and  s k i l l e d  b l u e - c o l l a r  women, and f i n a l l y  s k i l l e d  
female  b l u e - c o l l a r  workers  and s e m i s k i l l e d  b l u e - c o l l a r  women. 



T a b l e  9 .  P e r c e n t a g e  r e p o r t i n g  s e v e r e  i l l n e s s ,  A u s t r i a ,  1973.  
Degree o f  s i m i l a r i t y  ( W S )  between soc ioeconomic  g roups  
by a g e  ( a p p r e n t i c e s  e x c l u d e d )  . 

CONCLUSIONS 

Ma1 e  Female 

Three  e x t e n s i o n s  o f  h e a l t h  c a r e  mode l ing  a r e  s u g g e s t e d  h e r e  
t o  t a k e  i n t o  a c c o u n t  t h e  i n f l u e n c e  o f  soc ioeconomic  f a c t o r s  i n  
h e a l t h  c a r e .  Of c o u r s e ,  t h e s e  p r o p o s a l s  a r e  n o t  e x h a u s t i v e ,  and 
t h e y  may have t o  b e  m o d i f i e d  t o  m e e t  t h e  s p e c i f i c  i n t e r e s t s  o f  
t h e  o r g a n i z a t i o n  engaged i n  model ing.  However, t h e  i n c o r p o r a t i o n  
o f  t h e s e  a p p r o a c h e s  i n t o  h e a l t h  c a r e  models would make t h e  models 
more r e a l i s t i c  and more u s e f u l  f o r  a p p l i c a t i o n  t o  h e a l t h  c a r e  
management p rob lems .  

The S o c i a l  S t r a t a  Approach 
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1  

The f i r s t  approach  i n v o l v e s  d i s a g g r e g a t i n g  m o r t a l i t y /  
m o r b i d i t y  i n d i c a t o r s  by s o c i a l  s t r a t a .  T h i s  would make it pos-  
s i b l e  t o  i n c o r p o r a t e  t h e  e m p i r i c a l  p a r a m e t e r s  o f  t h e  pe r fo rmance  
o f  d i f f e r e n t  s o c i a l  g roups  i n t o  an o v e r a l l  h e a l t h  s t a t u s  i n d i c a -  
t o r .  The m e t h o d o l o g i c a l  approach  d i s c u s s e d  by P e t r o v s k y  e t  a l .  
( s e e  "Prob lem-Or ien ted  Globa l  Model ing:  Deve lop ing  a  H e a l t h  Care-  
O r i e n t e d  S i m u l a t i o n  Model") c o u l d  b e  used  i f  one  t a k e s  i n t o  a c c o u n t  
t h e  s o c i a l  s t r a t a  i n s t e a d  o f ,  o r  i n  a d d i t i o n  t o ,  age  g r o u p s .  The 
dynamics  o f  t h i s  s y s t e m  must b e  h a n d l e d  by a  s o c i a l  m o b i l i t y  model,  
which i n  t u r n  s h o u l d  b e  l i n k e d  t o  an  economic and demographic  model 
a s  shown i n  F i g u r e  2 .  
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1  

The B e h a v i o r a l  Approach 

T h e r e  is much e v i d e n c e  t h a t  consumption p a t t e r n s  o f  h e a l t h  
c a r e  depend on soc ioeconomic  v a r i a b l e s .  F o r  i n s t a n c e ,  i n  t h e  
model p r e s e n t e d  by K a i h a r a  ( s e e  "Ana lyz ing  Demands f o r  Medica l  
Care  by Computer S i m u l a t i o n :  An Example o f  A p p l i c a t i o n  o f  t h e  



F i g u r e  1 .  C l u s t e r s  o f  socioeconomic c a t e g o r i e s  w i t h  
s i m i l a r  p a t t e r n s  o f  r e p o r t e d  i l l n e s s .  

Hea l t h  Care  System Model") ,  t h e  " r a t e  o f  awareness"  o f  i l l n e s s  
among t h e  p u b l i c  depended on  socioeconomic s t a t u s .  Such r e l a t i o n -  
s h i p s  c o u l d  be  i n c o r p o r a t e d  i n t o  t h e  h e a l t h  c a r e  model th rough  t h e  
e n d o g e n i z a t i o n  o f  exogenous v a r i a b l e s .  I t  would a l s o  be p o s s i b l e  
t o  model changes i n  h e a l t h  behav io r  t h a t  r e s u l t  from implementa- 
t i o n  o f  s p e c i a l  programs,  such  a s  Medicare and Medicaid.  

The P o l i t i c a l  Approach 

The p o l i t i c a l  f a c t o r s  t h a t  i n f l u e n c e  h e a l t h  c a r e  cou ld  be 
c o n s i d e r e d  by adding  " s o f t "  v a r i a b l e s  t o  t h e  h e a l t h  c a r e  model, 
b u t  would j u s t  be  n e c e s s a r y  t o  i d e n t i f y  t h o s e  g roups  o f  peop l e  
m a t e r i a l l y  i n t e r e s t e d  i n  t h e  h e a l t h  c a r e  system. The i n f l u e n c e  
of t h e s e  groups  on p o l i t i c a l  d e c i s i o n s  c o u l d  be i n d i c a t e d  by v a r i -  
a b l e s  t h a t  a r e  i n c o r p o r a t e d  i n t o  t h e  h e a l t h  c a r e ,  socioeconomic,  

F i g u r e  2 .  The i n c o r p o r a t i o n  o f  t h e  s o c i a l  s t r a t a  
approach i n t o  h e a l t h  c a r e  models (HCM) . 
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demographic ,  e t c . ,  models .  Using t h i s  approach ,  a complex model 
s t r u c t u r e  would be n e c e s s a r y  t o  h a n d l e  t h e  problem u n d e r  i n v e s t i -  
g a t i o n  i n  s u f f i c i e n t  d e t a i l .  I t  would be d e s i r a b l e  t o  have  an  
i n t e r a c t i v e  model o f  t h e  p o l i t i c a l  consensus  and /or  d e c i s i o n  
p r o c e s s e s  s o  t h a t  t h e  outcome o f  t h e s e  p r o c e s s e s  c o u l d  i n f l u e n c e  
v a r i a b l e s  i n  t h e  h e a l t h  c a r e  sys tem.  
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MEDICAL CARE DEMAND MODEL FOR ESTIMATING 
THE COST OF MEDICAL CARE 

K .  Atsumi, I .  Fu j imasa ,  and S.  K a i h a r a  

INTRODUCTION 

The c o s t  o f  m e d i c a l  c a r e  depends on t h e  demand f o r  t h a t  
c a r e ,  and e v e r y  c o u n t r y  i s  e x p e r i e n c i n g  a  g a p  between demand 
and s u p p l y .  

On t h e  one hand, medica l  demand can  b e  b a s i c a l l y  d e f i n e d  a s  
t h e  number o f  p a t i e n t s ,  i n c l u d i n g  s o - c a l l e d  l a t e n t  p a t i e n t s .  By 
u s i n g  t h e  m o r b i d i t y  model we have deve loped  [ I  , 2 ] ,  it i s  p o s s i b l e  
t o  e s t i m a t e  t h e  number o f  p a t i e n t s  i n  e a c h  d i s e a s e  c a t e g o r y .  

On t h e  o t h e r  hand,  a  c o u n t r y ' s  medica l  s u p p l y  is  s t r o n g l y  
i n f l u e n c e d  by t h a t  c o u n t r y ' s  g r o s s  n a t i o n a l  p r o d u c t  o r  g r o s s  
d o m e s t i c  p r o d u c t  and i t s  m e d i c a l  s t r u c t u r e .  Medical  c a r e  expen- 
d i t u r e s  p e r  p a t i e n t  d o  n o t  v a r y  w i d e l y  among t h e  v a r i o u s  deve loped  
c o u n t r i e s  where t h e  l e v e l  o f  medica l  t e c h n i q u e s  and t e c h n o l o g i e s  
a r e  s i m i l a r .  However any d i f f e r e n c e s  c a n  u s u a l l y  b e  a t t r i b u t e d  
t o  d i f f e r e n c e s  between manpower. c o s t s  and l e n g t h s  o f  h o s p i t a l  
s t a y .  

I n  a n a l y z i n g  medica l  c a r e  problems,  t h e  v a r i o u s  d i s e a s e s  
s h o u l d  be d i v i d e d  i n t o  two g r o u p s - - b i o l o g i c a l l y  g e n e r a t e d  d i s -  
e a s e s  and  s o c i o e c o n o m i c a l l y  i n f l u e n c e d  d i s e a s e s .  The r e a s o n  
f o r  t h i s  i s  t h a t  m e d i c a l  problems a p p a r e n t l y  d i f f e r  among d e v e l -  
oped c o u n t r i e s  due  t o  t h e i r  d i f f e r e n t  p o l i c i e s  f o r  t h e  s o c i o -  
e c o n o m i c a l l y  i n f l u e n c e d  d i s e a s e s .  T h e r e f o r e ,  from t h e  v i e w p o i n t  
o f  d e s i g n i n g  t h e  model,  v a r i o u s  d i s e a s e s  a r e  c l a s s i f i e d  i n t o  t h e  
same two c a t e g o r i e s - - t h o s e  f o r  which it i s  r e l a t i v e l y  e a s y  t o  
e s t i m a t e  t h e  number o f  t h e  p a t i e n t s  from t h e  p o p u l a t i o n  s t r u c t u r e  
and t h o s e  f o r  which i t  is  r a t h e r  d i f f i c u l t  t o  do  s o .  D e g e n e r a t i v e  
d i s e a s e s  such  a s  h e a r t  d i s e a s e ,  c a n c e r ,  e t c . ,  and a c u t e  i n f e c t i o u s  
d i s e a s e s  b e l o n g  i n  t h e  former  c a t e g o r y ,  t h a t  i s ,  d i s e a s e s  t h o u g h t  
t o  r e s u l t  from b i o l o g i c a l  c a u s e s .  Mental  d i s e a s e ,  d e n t a l  p rob lems ,  
a c c i d e n t s ,  e t c .  be long  i n  t h e  l a t t e r  c a t e g o r y ,  t h a t  i s ,  t h e y  a r e  
r e l a t e d  t o  soc ioeconomic  o r  s o c i o c u l t u r a l  c o n d i t i o n s .  

P r e s e n t l y ,  a l m o s t  a l l  medica l  c a r e  e x p e n d i t u r e s  a r e  s p e n t  on 
t h e  d e g e n e r a t i v e  d i s e a s e s  and a c u t e  i n f e c t i o u s  d i s e a s e s .  There- 
f o r e ,  i f  t h e  number o f  p a t i e n t s  i n  t h i s  c a t e g o r y  c o u l d  be e s t i -  
mated by t h e  u n i v e r s a l  m o r b i d i t y  model,  i t  would a l s o  be p o s s i b l e  
t o  e s t i m a t e  t h e  a c t u a l  n a t i o n a l  medica l  c a r e  c o s t .  I n  deve loped  
c o u n t r i e s ,  medica l  c a r e  e x p e n d i t u r e s  depend on m e d i c a l  s t r u c t u r e s  
and t h e  economical  u s e  o f  manpower and f a c i l i t i e s  and on p o l i c i e s  



f o r  p r e v e n t i o n ,  t r e a t m e n t ,  and r e h a b i l i t a t i o n .  Thus, f rom t h e  
v i e w p o i n t  o f  n a t i o n a l  h e a l t h  p l a n n e r s ,  it would b e  u s e f u l  t o  
o b t a i n  a n  e s t i m a t e  o f  t h e  numbers o f  p a t i e n t s  and o f  medica l  
c a r e  c o s t s  and  t o  compare t h e  c o s t s  w i t h  a c t u a l  m e d i c a l  expen- 
d i t u r e s  b o t h  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 .  

ESTIMATING THE ANNUAL COST OF IN-PATIENT CARE PER CAPITA 

F i g u r e  1  shows a  f l o w c h a r t  o f  o u r  demand model f o r  e s t i m a t i n g  
m e d i c a l  c a r e  c o s t s .  The a r e a  w i t h i n  t h e  s o l i d  l i n e  u s e s  J a p a n ' s  
s t a t i s t i c s ,  and t h e  a r e a  w i t h i n  t h e  d o t t e d  l i n e  u s e s  s t a t i s t i c s  
o f  o t h e r  c o u n t r i e s .  

W e  have d i v i d e d  t h e  v a r i o u s  d i s e a s e s  i n t o  t h e  18 g r o u p s  
shown i n  T a b l e  1 .  

T a b l e  2 shows t h e  p o p u l a t i o n  s t r u c t u r e  o f  t h e  deve loped  
c o u n t r i e s  which i s  b a s e d  on s t a t i s t i c 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 .  F o r  a n  e x a c t  e s t i m a t e ,  it would b e  n e c e s s a r y  t o  
u s e  one-year  a g e  s t r a t a .  However, t o  s a v e  c a l c u l a t i o n  t i m e ,  we 
u s e d  f o u r  s t r a t a - - 0 - 1  4 ,  15-34, 35-64, and 65-85. 

From t h e  d a t a  on  p o p u l a t i o n  and from p r e v a l e n c e  r a t e s  o f  
d i s e a s e s  c a l c u l a t e d  from [3], we c a l c u l a t e d  t h e  number o f  s i c k  
and t h e  t o t a l  s i c k  p e r  day f o r  J a p a n ,  and f o r  t h e  USA, and England 
a n d  Wales ( T a b l e  3 ) .  Then, u s i n g  t h e  r a t i o  o f  i n - p a t i e n t s  and o u t -  
p a t i e n t s  f o r  Japan  shown i n  T a b l e  4, we d i v i d e d  t h e  t o t a l  number 
o f  p a t i e n t s  i n t o  two g r o u p s - - i n - p a t i e n t  and o u t - p a t i e n t  v i s i t s  
p e r  day- - fo r  a l l  c o u n t r i e s  ( T a b l e  5 ) .  

By m u l t i p l y i n g  numbers o f  t h e  a n n u a l  bed-days p e r  c a p i t a  
by t h e  h o s p i t a l  c a r e  c o s t  r a t e  ( sample  v a l u e s  from t h e  J a p a n e s e  
i n - p a t i e n t  c o s t  s u r v e y ) ,  t h e  a n n u a l  i n - p a t i e n t  c a r e  c o s t  p e r  
c a p i t a  o f  a  t a r g e t  c o u n t r y  can  be e s t i m a t e d  on a  s t a n d a r d i z e d  
c o u n t r y  b a s e  ( T a b l e  6 )  .* And, u s i n g  t h e  same p r o c e d u r e ,  it i s  
p o s s i b l e  t o  e s t i m a t e  t h e  a n n u a l  o u t - p a t i e n t  c a r e  c o s t  ( T a b l e  6 ) .  

ESTIMATING THE BED UTILITY AND COST RATIOS 

I t  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  a n n u a l  i n - p a t i e n t  and 
o u t - p a t i e n t  c a r e  c o s t  o f  each  t a r g e t  c o u n t r y  th rough  m e d i c a l  
c a r e  c o s t  s u r v e y s .  

Tab le  6  shows i n - p a t i e n t  and o u t - p a t i e n t  c o s t s  i n  J a p a n ,  t h e  
USA, and England a n d  Wales.  However, t h e r e  i s  a  d i f f e r e n c e  i n  
l e n g t h s  o f  h o s p i t a l  s t a y  between Japan  and t h e  USA and England 

* T h i s  s t a n d a r d i z a t i o n  was o b t a i n e d  from a  J a p a n e s e  h o s p i t a l  s u r -  
vey.  But ,  i f  it c a n  b e  o b t a i n e d ,  t h e  i n t e r n a t i o n a l  mean v a l u e  
o f  p a t i e n t  s t a t i s t i c s  ( e . g . ,  bed-days p e r  c a p i t a  and l e n g t h  o f  
h o s p i t a l  s t a y )  should  b e  used i n  t h e  model. 
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T a b l e  2 .  P o p u l a t i o n  s t r u c t u r e  o f  d e v e l o p e d  c o u n t r i e s ,  
1 9 7 4  ( 1 0 0 , 0 0 0 s )  . 

Source: World Heal th  Organizat ion 

Regions and c o u n t r i e s  A l l  ages  0-14 15-34 35-64 65-85 

Free market total 7,028.2 1,748.5 2,166.5 2,341.1 769.7 
America total 2,338.4 607.2 765.6 728.6 237.0 

1. USA 2,113.9 546.2 688.9 660.7 218.2 
2. Canada 224.5 61.0 76.7 67.9 18.8 

Asia total 1,134.2 279.6 381.1 385.5 87 .1  
3. Japan 1,100.5 268.5 370.1 377.3 84.6 
4. I s r a e l  33.7 11.1 11.0 9.2 2.5 

Oceania t o t a l  162.3 46.7 51.5 50.4 13.7 
5. A u s t r a l i a  131.3 37.3 41.6 41.4 11.0 
6. New Zealand 31.0 9.4 9.9 9.0 2.7 

Europe t o t a l  7,169.6 1,784.5* 2,138.9* 2,533.8* 689.9* 
EC total 2,566.2 605.7 732.5 890.6 337.7 

7. Belgium 97.6 22.3 27.4 34.4 13.5 
8 .  Denmark 50.2 11.5 15.2 17 .1  6.5 
9. France 517.0 122.7 151.5 172.9 70.0 

10. GFR 619.8 138.7 174.2 220.9 86.0 
11. I r e l a n d  30.9 9.6 8.8 9 . 1  3.4 
12. I t a l y  551.9 134.2 154.5 197.9 65.1 
13. Luxembourg 3.6 0.8 1.1 1 . 3  0.5 
14. Nether lands 135.5 35.1 43.4 42.6 14.4 
15. UK--Eng. W. 492.2 113.5 137.2 171.9 69.7 
16. UK--N. I r e l a n d  15.4 4.5 4.5 4.8 1.7 
17. UK--Scotland - 52.1 12.8 14.7 17.7 6.9 

Free t r a d e  union 397.1 92.9 115.9 135.1 50.4 
18. A u s t r i a  74.9 16.8 21.1 24.9 11.1 
19. F in land  46.8 10.6 15.7 15.8 4.7 
20. Iceland 2.2 0.7 0.7 0.6 0.2 
21. Norway 40.0 9.6 9.9 13.3 5.4 
22. Por tuga l  87.8 23.9 25.2 29.7 9.0 
23. Sweden 81.6 16.9 23.6 29.0 12.1 
24. Swi tze r land  63.8 14.4 19.7 21.8 7.9 
25. Spain 340.4 94.8 95.5 117.1 33.0 
26. Greece 89.6 21.6 24.4 32.8 10.8 

C e n t r a l  p lann ing  c o u n t r i e s  3,776.3 969.5* 1,170.6* 1,358.2* 258. O* 
Comecon total 3,550.4 914.5 1,103.6 1,288.1 240.6 

27. USSR 2,497.5 669.7 776.1 925.4 122.8 
28. Bulgar ia  86.8 19.3 25.6 32.7 9.2 
29. Czechoslovakia 145.6 33.2 45.9 49.4 17 .1  
30. GDR 168.5 36.5 47.1 57.5 27.4 
31. Hungary 104.8 21.0 32.4 38.3 13.0 
32. Poland 336.9 82.0 113.3 110.3 31.3 
33. Romania 210.3 52.8 63.2 74.5 19.8 
34. Albania 16.3 
35. Yugoslavia 209.6 55.0 67.0 70.1 17.4 

Developed country t o t a l  10,804.5 2,718.0* 3,343.1* 3,699.3* 1,027.7* 

*Excludes Albania. 



Table 3 .  Total  s i c k  per  day f o r  Japan, t h e  
USA, and England and Wales per  
d i sease  category (1000s) . 

Disease 
ca tegory  England 
(j) Japan USA and Wales 
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and Wales.  T h e r e f o r e ,  i f  we want t o  compare t h e  r e a l  c o s t  and 
t h e  e s t i m a t e d  c o s t  o f  t h e  o t h e r  c o u n t r i e s  by J a p a n ' s  s t a n d a r d ,  
some i n d i c e s  s h o u l d  be i n t r o d u c e d .  The s t a n d a r d  i n - p a t i e n t  bed- 
d a y s  i n  Tab le  6 a r e  o b t a i n e d  from t h e  s t a n d a r d  ( J a p a n ' s  s t a t i s -  
t i cs )  l e n g t h  o f  s t a y .  T h e r e f o r e ,  t h e  s t a n d a r d  bed-days s h o u l d  
b e  c o r r e c t e d  by t h e  r a t i o  o f  t h e  d o m e s t i c  l e n g t h  o f  s t a y  and t h e  
s t a n d a r d  l e n g t h  o f  s t a y .  From t h i s  r a t i o  and t h e  a n n u a l  number 
o f  bed-days p e r  c a p i t a  o f  t h e  p a t i e n t s ,  t h e  w e i g h t e d  i n - p a t i e n t  
number i s  c a l c u l a t e d ,  which t e l l s  u s  how many p a t i e n t s  can  b e  
h a n d l e d  i n  t h e  s t a n d a r d  c o u n t r y  under  t h e  same l e n g t h  o f  s t a y  
o f  t h e  t a r g e t  c o u n t r y .  

Then, from t h e  weigh ted  i n - p a t i e n t  number and t h e  d o m e s t i c  
i n - p a t i e n t  number, which a r e  e a s i l y  a t t a i n a b l e  from t h e  n a t i o n a l  
s t a t i s t i c s ,  we c a n  c a l c u l a t e  t h e  bed u t i l i t y  r a t i o  (which i s  t h e  
e f f i c i e n c y  r a t e  o f  i n - p a t i e n t  c a r e )  : 

d o m e s t i c  i n -  a t i e n t  number 
Bed = weighted in-Fatient number - 

T h e r e f o r e ,  u s i n g  t h e s e  d a t a ,  t h e  c o s t  r a t i o  ( p e r  i n - p a t i e n t )  can  
b e  c a l c u l a t e d :  

d o m e s t i c  a n n u a l  
1  i n - p a t i e n t  c a r e  c o s t  C o s t  r a t i o  = 

bed u t i l i t y  r a t i o  ( e s t i m a t e d )  t o t a l  a n n u a l  ' 
i n - p a t i e n t  c a r e  c o s t  

RESULTS 

The m e d i c a l  c a r e  c o s t  o f  i n - p a t i e n t s  and o u t - p a t i e n t s ,  t h e  
bed u t i l i t y  r a t i o ,  and t h e  c o s t  r a t i o  were e s t i m a t e d  f o r  J a p a n ,  
t h e  USA and England and Wales ,  and a r e  summarized and compared 
i n  T a b l e  7 .  

The a c t u a l  numbers o f  i n - p a t i e n t  bed-days a r e  2500 i n  J a p a n ,  
1UU0 i n  t h e  USA, and 2130 i n  England,  w h i l e  t h e  numbers o f  i n -  
p a t i e n t  bed-days e s t i m a t e d  from J a p a n ' s  s t a t i s t i c s  a r e  25U0, 
2280, and  30U0, r e s p e c t i v e l y .  

The a v e r a g e  l e n g t h  o f  h o s p i t a l  s t a y s  is  4U.7 d a y s ,  J a p a n ;  
9 . 5  d a y s ,  USA; and 20.1 d a y s ,  England and Wales .  From t h e s e  
d a t a ,  t h e  r a t i o s  o f  d o m e s t i c  l e n g t h  o f  s t a y  f o r  t h e  USA and 
England and Wales t o  J a p a n  a r e  4.68 and 2.11,  r e s p e c t i v e l y .  

From t h e  r a t i o  and  t h e  number o f  t h e  e s t i m a t e d  i n - p a t i e n t s ,  
t h e  f o l l o w i n g  weigh ted  i n - p a t i e n t  numbers were c a l c u l a t e d :  USA, 
602; England and Wales,  1373. T h e r e f o r e ,  t h e  bed u t i l i t y  r a t i o s  
were c a l c u l a t e d  a s  2 .37 f o r  t h e  USA and 1.55 f o r  England and Wales. 
F i n a l l y ,  t h e  c o s t  r a t i o s  were c a l c u l a t e d :  J a p a n ,  1 .12;  USA, 0.62; 
and  England and  Wales,  0 .73.  












































































































































































































































































































