
The IIASA Health Care Resource 
Allocation Submodel: DRAM 
Calibration for Data from the South 
West Health Region, UK

Aspden, P.

IIASA Working Paper

WP-80-115

June 1980 



Aspden, P. (1980) The IIASA Health Care Resource Allocation Submodel: DRAM Calibration for Data from the South West 

Health Region, UK. IIASA Working Paper. WP-80-115 Copyright © 1980 by the author(s). http://pure.iiasa.ac.at/1354/ 

Working Papers on work of the International Institute for Applied Systems Analysis receive only limited review. Views or 

opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other 

organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work 

for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial 

advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on 

servers or to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 

mailto:repository@iiasa.ac.at


NOT FOR QUOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 

THE IIASA HEALTH CARE RESOURCE 
ALLOCATION SUBMODEL: DRAM 
CALIBRATION FOR DATA FROM THE 
SOUTH WEST HEALTH REGION, UK 

P. Aspden 

June 1980 
WP-80-115 

Working Papers are interim reports on work of the 
International Institute for Applied Systems Analysis 
and have received only limited review. Views or 
opinions expressed herein do not necessarily repre- 
sent those of the Institute or of its National Member 
Organizations. 

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
A-2361 Laxenburg, Austria 



THE AUTHOR 

P h i l i p  Aspden, seconded from t h e  Ope ra t i ona l  Research Uni t  o f  
t h e  Department of  Hea l th  and S o c i a l  S e c u r i t y ,  U K ,  was a IIASA 
r e s e a r c h  s c h o l a r  from 1 9 7 9  t o  1980.  



FOREWORD 

The principal aim of health care research at IIASA has 
been to develop a family of submodels of national health care 
systems for use by health service planners. The modeling work 
is proceeding along the lines proposed in the Institute's 
current Research Plan. It involves the construction of linked 
submodels dealing with population, disease prevalence, resource 
need, resource allocation, and resource supply. 

This paper is a second application by Philip Aspden of the 
DRAM (Disaggregated Resource Allocation Model). The first such 
paper analyzed in-patient care for ~zechoslovakia using 1976 
data. Here, 1975 and 1976 data for the South West Region of 
England have been used to successfully predict the resource 
allocations for 1977, thus showing how DRAM could be used to 
aid health care planners in their analysis of future needs. 

Related publications in the Health Care Systems Task are 
listed at the end of this report. 

Andrei Rogers 
Chairman 
Human Settlements 
and Services Area 
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ABSTRACT 

In many developed countries the problem of allocating 
resources within the Health Care System (HCS) is perennial. 
Health care admininstrators are continually asking what are 
the consequences of changing the mix of resources. The 
disaggregated resource allocation model (DRAM) has been - 
developed to assist heaith care afiinistrators with this 
problem. The model simulates how the HCS in aggregate 
allocates limited supplies of resources between competing 
demands. The principal outputs of the model are the numbers 
of patients treated in different categories, and the modes 
and quotas of treatment they receive. 

Health care planners in the South West Health Region of 
England are concerned about the consequences for hospital in- 
patient care of increasing the number of hospital doctors and 
decreasing the number of hospital beds. This paper indicates 
how DRAM could be used to assist in the solution of this pro- 
blem. Parameters were estimated for a model of hospital in- 
patient care for the region. This model consisted of seven 
patient categories (general surgery, general medicine, obstetrics 
and gynaecology, traumatic and orthopaedic surgery, otorhinolary- 
gology, paediatrics and ophthalmology) and two resource types 
(hospital beds and hospital doctors). The ability with which 
this model was able to reproduce actual allocations or resources 
had similarities with a model (of identical structure) of 
.Czechoslovakian hospital in-patient care. 

It was considered appropriate to reduce the number of 
patient categories to three (general surgery, general medicinetad 
obstetrics and gynaecology). Parameters for this three-patient- 
category model were re-evaluated. Within the assumed predictive 
accuracy of this model, it successfully predicted health care 
resource allocation across time and space. 



The three-patient-category/two-resource type model was 
then used to explore the consequences of changing the mix of 
resources in the South West Health Region. Firstly, the 
consequences of changes from the existing resource levels 
which involved no estimated increase in running costs were 
considered. More general changes where this constraint no 
longer held, were then examined. 
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THE IIASA HEALTH CARE RESOUXCE ALLOCATION SUBPIODEL: 
DRAM CALIBRATION FOR DATA FROM THE SOUTH WEST HEALTH 
REGION, UK 

1.  INTRODUCTION 

One of the responsibilities of the South West Regional 

Health Authority (SWRHA), UK, is the provision of hospital 

in-patient care. An issue facing the health care planners 

in the South West Health Region (SWHR) is the determination 

of the appropriate mix of hospital resources for in-patient 

care. In the particular, the planners wish to know the con- 

sequences (in terms of changes in admission rates and resource 

supply levels per patient) of increasing the number of hospital 

doctors and decreasing the number of hospital beds. 

DRAM (disaggregated - - resource - allocation model) - is designed 

to help answer such a question. It is one of the submodels 

being developed by the Health Care Systems Task at the Inter- 

national Institute for Applied Systems Analysis. DRAM was 

formulated by Gibbs (1978) and further developed by Hughes 

(1978a, b, c). 

This working paper describes how DRAM can be used to help 

answer the above question. The paper begins with a brief des- 

cription of DRAM (section 2). This is followed by a section 

describing how the DRAM variables have been defined for SWHR 

hospital in-patient care. 



Section 4 gives details of the DRAM parameter estimation 

process. The next section shows how DRAM could be used to 

investigate the consequences of changing the mix of hospital 

beds and hospital doctors for hospital care in the SWHR. The 

methodology used in the paper is similiar to that used by 

Aspden and Ruznak (1980) to parameterize DRAM for hospital in- 

patient care in Czechoslovakia. 

All the analyses described in the paper have been carried 

out using aggregated data from the SWHR, and with little con- 

tact with officials of the SWRHA. To a certain extent, there- 

fore, these analyses are of an indicative nature. In appro- 

priate places, the paper indicates where more detailed analyses 

would be beneficial. 

2. A HEALTH CARE RESOURCE ALLOCATION PlODEL - D W I  

Health services cannot be administered in a rigid, centralized 

way. In every country, doctors have clinical control over the 

treatment of their patients, and it is local medical workers 

who ultimately determine how to use the resources (e.g. hos- 

pital beds, nurses) available to them. The specific question 

underlying DRAM is: If the decision maker provides a certain 

mix of resources, how will the HCS allocate them? 

There are two assumptions about the bahavior of the HCS 

in the model. First it is assumed that there is never suffi- 

cient supply of resources to meet all the potential (or ideal) 

demands for them. The model simulates the balance chosen by 

the many agents in the HCS (doctors, nurses, social workers), 

between different treatment categories, between alternative 

combinations (modes) of care within the same treatment cate- 

gory, and between quality of care and numbers treated. The 

second assumption is that the aggregate behavior of the agents 

in the HCS can be represented as the maximization of a utility 

function whose parameters can be inferred from results of pre- 

vious choices. Thus when the model is parameterized, it can 

be used to estimate the consequences of different allocations 

of resources. 



The v a r i a b l e s  used i n  DRAM a r e  a s  f o l l o w s :  

X 
jk  

= numbers o f  i n d i v i d u a l s  i n  t h e  j th p a t i e n t  c a t e g o r y  

who r e c e i v e  r e s o u r c e s  i n  t h e  k- th mode of  c a r e  

( p e r  head o f  popu la t i on  p e r  y e a r )  

X 
jk  

= t h e  i d e a l  number o f  i n d i v i d u a l s  i n  t h e  j th p a t i e n t  

c a t e g o r y  who shou ld  r e c e i v e  r e s o u r c e s  i n  t h e  k- th 

mode of  c a r e  ( p e r  head o f  p o p u l a t i o n  p e r  y e a r )  

assuming no c o n s t r a i n t  on r e s o u r c e  a v a i l a b i l i t y  

'jkR = supp ly  o f  r e s o u r c e  t ype  R r e c e i v e d  by each  i n d i v i -  

d u a l  i n  t h e  j th p a t i e n t  c a t e g o r y  i n  t h e  kth mode 

o f  c a r e  

'jkR = t h e  i d e a l  l e v e l s  o f  supp ly  o f  r e s o u r c e  t y p e  R f o r  

each  i n d i v i d u a l  i n  t h e  jth p a t i e n t  c a t e g o r y  i n  t h e  

kth mode o f  c a r e  assuming no c o n s t r a i n t  on resou rce  

a v a i l a b i l i t y *  

R R  = t h e  a v a i l a b i l i t y  o f  r esou rce  t ype  R ( p e r  head o f  

popu la t i on  p e r  y e a r )  

C R  = marg ina l  c o s t  o f  r e s o u r c e  t ype  R when a l l  demands 

a r e  s a t i s f i e d  

The u t i l i t y  f u n c t i o n  ( Z )  used i n  DRAM d e p i c t s  t h e  many 

a g e n t s  who c o n t r o l  t h e  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  a s  

seek ing  t o  a t t a i n  i d e a l  l e v e l s  o f  s e r v i c e  ( X )  and supp ly  ( Y ) ,  

b u t  where t h e  u rge  t o  i n c r e a s e  t h e  a c t u a l  l e v e l s  o f  s e r v i c e  

( x )  and supp ly  ( y )  d e c r e a s e s  w i t h  i n c r e a s i n g  v a l u e s  of  x  and y .  

The c o s t s  o f  d i f f e r e n t  r e s o u r c e s  a r e  i n t r oduced  s o  t h a t  t h e  

marg ina l  i n c r e a s e s  i n  Z when i d e a l  l e v e l s  a r e  ach ieved  (x = X ,  

y  = Y )  equa l  t h e  marg ina l  r e s o u r c e  c o s t s .  Beyond t h e s e  l e v e l s ,  

e x t r a  r e s o u r c e s  a r e  o n l y  u s e f u l  a s  assets and n o t  f o r  t r e a t i n g  

p a t i e n t s .  

* 
I n  t h e  s e q u e l ,  x , y  a r e  used t o  deno te  { x  1,  {y jkR1 respec-  

j k  
t i v e l y ,  w i t h  a  l i k e  n o t a t i o n  f o r  s i m i l a r l y  s u b s c r i p t e d  

v a r i a b l e s .  



These assumptions have expressed in mathematical form as 

follows: 

subject to 

C C x  
j k jkYjkil 

= Ril V R  

where 

(3) a .  ( > O )  is a parameter measuring the relative impor- 
I 

tance of treating the ideal number of individuals 

Xjk; higher values indicate greater importance 

(4) Bjke 0 0 )  is a parameter measuring the relative im- 

portance of achieving the ideal level Y jke; again, 

higher values indicate greater importance 

Hughes (1978~)  has shown that the solution of the optimi- 

zation problem in equation 1 is as follows 



where p is a weighted sum 
jk 

of the terms 

and where X k  are the solutions of the following set of equations 

'jk!L+' a.+l 3 
0 = -Re + 1 " Y ( A e )  for all !2 

jk jkR (Pjk) 
j k 

The algorithm for determining the solutions (equations 2 and 3) 

has been developed by Hughes and Wierzbicki(l980). This algo- 

rithm has been programmed, and requires no specialized software. 

Experience has shown that the computer program is easily trans- 

ferred from computer to computer. 

3. DEFINITION OF THE DRAM VARIABLES FOR HOSPITAL IN-PATIENT 
CARE IN THE SOUTH WEST HEALTH REGION 

3.1. Introduction 

As mentioned earlier, an issue facing the SWHR health care 

planners, is the determination of the appropriate mix of hos- 

pital resources for in-patient care. In particular, what are 

the consequences (in terms of changes in admission rates and 

in levels of service per patient) of increasing the number of 

hospital doctors and reducing the number of hospital beds. 

The aim of this paper is to help answer this problem by para- 

meterizing DRAM for the two resources, hospital beds and hospital 



doctors. Hospital in-patient data was available for the years 

1975, 1976, and 1977 for each Area Health Authority (AHA) in the 

SWRHA. The initial approach adopted was to develop a model for 

data from 1975 and 1976 and test it using 1977 data. Section 3 . 3  

considers the choice of treatment categories and section 3.4 dis- 

cusses the resource measures adopted for each of the resource 

types. (It will be assumed that there is only one mode of care: 

namely, in-patient care). The following section gives a brief 

description of how hospital in-patient care is organized in the 

South West Health Region. 

3.2. Hospital In-patient Care in the SWHR 

In England, health care is provided by two independently 

administered organizations, the Regional Health Authority (RHA) 

and the Local Authority (LA). England is divided into 14 RHAs. 

They are financed by the central government and provide medical 

and nursing services via hospitals, clinics, and home visits. 

The LA, financed by local taxes and the central government, 

provides personal social services such as residential homes, 

social workers, home helps and the home meals service. 

The South West Health Region covers about 7000 sq.miles 

in the south west of England. In shape it is long and thin, 

being about 250 miles long and never wider than about 70 miles. 

The region is rival in character with pockets of highly ur- 

banized development at the main centers, especially Bristol 

and Plymouth. 

Administratively the SWRHA is divided into five Area 

Health Authorities: Avon, Cornwall, Devon, Gloucestershire, 

and Somerset. All but one of these AHA are further sub- 

divided into Health Districts. In all there are 13 Health 

Districts in the South West Health Region. Each District 

serves a population of about 250,000 and provides almost the 

whole range of hospital services. Types of care for which 

there is relatively little demand (e.g. plastic surgery) are 

provided in Regional or National Centers. 



3.3. The Choice of Treatment Categories 

Two common ways of defining hospital treatment categories 

are by "treatment speciality" or by the International Classi- 

fication of Diseases (ICD) Code. The latter is a more detailed 

categorization. However, most measures of hospital resource 

are normally given in terms of the amount of resource available 

for a speciality (e-g. the available beds in the speciality of 

general medicine). In this study, patient categories are either 

single specialities or groups of specialities. 

In choosing the treatment categories, it is necessary to 

take into account certain requirements imposed by the DRAM 

parameter estimation process (Appendix A). It is assumed 

that each AHA for each year provides an independent data 

point, i.e. the same utility function Z (x,y) (equation 1 )  

holds across space and across time. One implication (others 

are discussed in section 4) of this is that each chosen treat- 

ment group should be self sufficient in each area, i.e. if 

general medicine is chosen, all (or almost all) general medi- 

cine patients should be treated in the area in which they arise. 

Thus treatment categories which are regarded as "regional" 

specialities must be excluded. In theory, with regard to all 

the major specialities, each AHA is meant to treat all the 

patients within its area. In practice patients for reasons 

of convenience, etc.,cross boundaries to receive treatment 

in areas in which they do not live. Such "cross boundary 

patient flows" are taken into account when the Central Govern- 

ment allocates financial resources to the Health Regions 

[Department of Health and Social Security (1976)l. The SWRHA 

uses estimates of resident ("defined") populations adjusted 

for cross boundary patient flows for the planning of hospital 

activity in the region. These adjusted ("catchment") population 

estimates will be used in this paper to calculate patient cate- 

gory admission rates. It is assumed that the same "catchment" 

population estimates apply to all the treatment groups. Un- 

fortunately, it was not possible to check this assumption. 

Here is an example where it would be appropriate to carry out 



some further analysis. A comparison of "defined" and "catch- 

ment" populations for 1977 is given in Table 1 [SWRHA (1979)l. 

Table 1.  Comparison of "defined" and "catchment" population 
estimates for the South West Health Region for 1977. 

"Defined" "Catchment" 

Avon 788,400 

Cornwall 413,600 

Devon 947,200 

Gloucestershire 492,700 

Somerset 364.700 

Another requirement for chosen treatment categories arises 

from the fact that in the D M  formulation, the resource levels 

are treated as continuous variables. This means that the basic 

unit of each resource (e. g. a hospital bed year) should be small 

compared to the total amount of the resource devoted to a treat- 

ment category in each year in each AHA. Hence treatment cate- 

gories should not be too small. 

Having taken the above into account, the following initial 

set of treatment categories was chosen 

-- General surgery (including urology) 

-- General medicine (including cardiology) 

-- Obstetrics and gynaecology 

-- Traumatic and orthopaedic surgery 

-- Otorhinolaryngology 

-- Paediatrics (including special care baby units) 

-- Ophthalmology 



This is the same set of treatment categories for which 

Aspden and Ruznak (1980) parameterized DRAM for Czechoslovakian 

hospital in-patient care. 

Data on the number of patients admitted to hospital in the 

SWHR in 1975, 1976, and 1977 for all the above patient categories 

were taken from the Department of Health and Social Security 

(DHSS) Statistical Return SH3. 

3.4. The Resource Measures for the Resource Types -Hospital 
Beds and Hospital Doctors 

In Aspden and Ruznak (1980) the question was asked: Which 

are the most important health care resources for hospital in- 

patient care? Although this paper is concerned with hospital 

beds and hospital doctors, this question is still appropriate. 

The aim of the work described in this paper is to help plan 

hospital in-patient care, and the implication is that the most 

important resource inputs are probably hospital beds and hos- 

pital doctors. However, there may be other important resource 

types (e.g. nurses, operating theaters, diagnostic and techni- 

cal support facilities) which have an important bearing on hos- 

pital performance. It would be worthwhile investigating the 

importance of some of these other resource types. 

Given that a model of hospital in-patient care is to be 

parameterized for two resource types - hospital beds and hospital 

doctors -it is necessary to decide how these resources are to 

be measured. The unit for hospital beds was taken to be avail- 

able beds per 1000 population in a particular area. This means 

that the supply variable (yjkQ) is available bed-days per patient. 

This has the advantage over the more usual measure of occupied 

bed-days per patient (i.e. length of stay) of eliminating the 

separate estimation of occupancy rates. 

With regard to hospital doctors, there are several possi- 

ble measures. The aim is to find the measures which best ex- 

plain the variations in admission rates and supply levels per 

patient. Examples of possible measures are: 



(a) The number of hospital doctors (incl. anesthetists 

pathologists, surgeons) involved with a particular 

treatment category 

(b) The number of hospital doctors of all grades belong- 

ing to the specialities which treat a particular 

treatment category (For example, if the treatment is 

"general medicine", then this measure would be the 

number of doctors within the general medicine special- 

ty. ) 

(c) The number of senior hospital doctors (consultants in 

UK) belonging to the specialities which treat a parti- 

cular treatment category 

(dl The number of anesthetists involved with a particular 

treatment category 

These measures are not exclusive, since, for instance, measures 

(c) and (d) could be used simultaneously. However, some of 

these measures may be difficult to calculate, as it would be 

difficult to allocate the time of a pathologist or an anesthe- 

tist to the various treatment categories. In this study measure 

(c) was adopted as it was the only one for which data was available at 

the Institute (the unit of measurement was taken to be doctor 

days per 1000 population - one doctor year = 225 doctor days). 

However, there is a difficulty associated with this measure and 

this concerns the number of consultants available per year per 

area for each of the patient categories, otorhinolaryngology, 

paediatrics,and ophthalmology. During 1975-1977, this figure 

was between 2 and 3 per year for the AHAS, Cornwall, Gloucester- 

shire, and Somerset (the other two AHAS, averaged about seven 

consultants per area per treatment category over the same period). 

This suggests, given the requirement (arising from the fact that 

the measures of resource availability in DRAM are assumed to be 

continuous variables) in section 3.3, that these three categories 

should perhaps be excluded from the analysis. This will be con- 

sidered later. 



The above difficulty, suggests that it might be worthwhile 

considering the number of hospital doctors of - all grades within 

a specialty [measure (b) 1 as a measure of the resource type hos- 

pital doctors. This was the measure used in Aspden and Ruznak 

(1980). 

Data on the levels of bed supply for the seven patient 

categories for each AHA were taken the from DHSS Statistical 

Return SH3. Data on the supply of consultants for the seven 

patient categories were taken from SWRHA (1977, 1978, 1979). 

4. PARAMETER ESTIMATION FOR DRAM - USING HOSPITAL IN-PATIENT 
DATA FROM THE SOUTH WEST HEALTH REGION 

4.1. Introduction 

The problem of calibrating DRAM hospital in-patient data 

from the South West Health Region is now considered. Estimates 

are required for three groups of parameters: 

(1) The ideal levels X,Y at which patients would be 

admitted and receive resources, if there were no 

constraints on resource availability 

(2) The power parameters a,B which reflect the relative 

importance of achieving the ideal levels X and Y 

(For instance, if an a is relatively high then it 

is relatively more important to treat the corres- 

ponding X. ) 

(3) The relative costs,C,of the different resources - 
in this case hospital beds and hospital doctors 

In what follows the parameter {X,Y,a,f3) will be estimated 

from actual allocations of resources. However, if estimates of 

the ideal levels (X,Y) derived from morbidity surveys and sur- 

veys of clinical opinion were available, then these could have 

been used. The cost parameters will be determined exogenously. 

In estimating the parameter set {x,Y,~,B) the approach 

of Hughes (1978~)  will be followed. This is described in 



Appendix A. The approach assumes that each AHA for each year 

provides an independent data point, i.e. the same utility func- 

tion Z(x,y) holds across time and space. This implies that the 

parameter set {x,Y,a,B) should not change over time and space. 

Some justification will be given for this. 

(1) The ideal levels, X, at which patients should be 

admitted. 

X is a measure of the morbidity in the community. 

Morbidity is related to the demographic structure 

of society. Table 2 gives the proportions of the 

population in the five AHAs in the following im- 

portant care groups: 

a. children 

b. women of child bearing age 

c. women (in need of gynaecological care) 

d. elderly 

Although there is some variation across the region 

with regard to the proportion of elderly people, 

overal1,Table 2 suggests it is not unreasonable to 

say that from a demographic point of view, the poten- 

tial calls on the health care system are likely to be 

the same for each AHA. 

The need for hospital in-patient services is not a 

function of age and sex alone. Many other factors 

are known to play a part: social,occupational, here- 

ditary environmental, etc. However, it is very diffi- 

cult to quantify their effect. Frequently used proxy 

indicators of morbidity [DHSS (1976)l are mortality 

statistics. Table 3 gives some of the mortality 

rates for the five AHA'S. 
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Table 3 suggests again that it would not be unreason- 

able to say that the potential calls on the health 

care system are likely to be approximately the same 

for each AHA. 

The changes in the various factors (e .g. age, sex, 

social, environmental, etc.) which affect the need 

for hospital in-patient services are likely to be 

small over a period of about five years. Hence it 

can be assumed that the parameter X does not change 

over the time period under consideration. 

(2) The ideal levels of resources, Y, which patients 

should receive. 

Styles of clinical management differ. Much variation 

in lengths of stay is likely to be unrelated to re- 

source supply. In the absence of a detailed study, 

it is assumed in this paper that the aggregate be- 

havior of clinicians in terms of ideal standards of 

care is the same for each AHA. 

Over time, however, lengths of stay in hospital are 

known to be declining. A study carried out in England 

[DHSS (1978)l showed that the mean duration of length 

of stay for all acute specialities was 12.5 days in 

1967 and 9.6 days 10 years later. This represents 

an average annual reduction of 2-7% per year assuming 

the same case mix. Such a decrease can be thought 

of as an "improvement in technology" or an "improve- 

ment in productivity". Two implications follow from 

this result. Firstly, the ideal levels of hospital 

resources which patients should receive decrease 

over time. Secondly, the levels of hospital resources 

must be "discounted over time". Accordingly, it has 

been assumed that 100 bed-days in 1975 is equivalent 

to 97.5 bed-days in 1976, and 100 doctor-days in 1975 

is equivalent to 97.5 doctor-days in 1976, and so on 



for other years*. 

Table 4  gives the percentage changes in hospital ad- 

missions and resource supply from 1 3 7 5  to 1 9 7 6  and 

from 1 9 7 6  to 1 9 7 7  for all the seven patient categories 

for the South West Health Region. 

Table 4.  Percentage changes in hospital admissions and resource 
supply for the seven patient categories for the South 
West Health Region. 

Admissions +4.3% 1 . 5 %  

Available bed supply - 4 . 1 %  
(for seven patient 
categories) 

Consultant supply +l. 8 %  -1  - 2 %  
(for seven patient 
categories) 

The changes from 1 9 7 6  to 1 9 7 7  are consistent with an 

approximate 2 . 5 %  improvement in "productivity"/ 

"technical" development. However the changes from 

1 9 7 5  to 1976 ,  suggest an increase in "productivity" 

of about 8 %  with regard to bed supply, and 2.5% with 

regard to consultant supply. Note that in 1975, there was a 

strike of the junior hospital doctors in England. 

* 
In this study it has been assumed that lengths of stay (and 
hence available bed-days per patient and doctor-days per patient) 
are decreasing at the same rate for all patient categories. 
This is an approximation since it is known that rates of de- 
crease of lengthof stay vary with patient category. The London 
Planning Consortium ( 1  9 7 9 )  studied this issue in some detail. 
From an analysis of 1 9 6 2 - 1 9 7 5  data from England and Wales they 
predicted the rate of decrease of annual length of stay for 1 9 7 6  
for a variety of specialities. The following estimates are taken 
from their report - general surgery 1 .1$ ,  general medicine 2 .6%,  
gynaecology 3 .4%,  paediatrics 3 .8%,  ophthalmology 1 .9%.  



Some of  t h e  d i f f e r e n c e  i n  " p r o d u c t i v i t y "  between 1975 

and 1976 may be because o f  t h i s  s t r i k e .  I f  t h i s  i s  

t h e  c a s e  t h e n  it w i l l  l e a d  t o  t h e  i n t r o d u c t i o n  of  some 

e r r o r  i n t o  t h e  DRAEl parameter  e s t i m a t i o n  p rocess .  

( 3 )  The power paramete rs  (a, B )  . 
These paramete rs  r e f l e c t  t h e  r e l a t i v e  impor tance t h a t  

t h e  Hea l th  Care  System g i v e s  t o  a c h i e v i n g  t h e  i d e a l  

l e v e l s  X and Y .  I t  has  been assumed t h a t  t h i s  aggre-  

g a t e  behav io r  w i l l  n o t  change ove r  t h e  t i m e  p e r i o d  

under c o n s i d e r a t i o n .  

I n  summary it h a s  been assumed t h a t  t h e  same u t i l i t y  func- 

t i o n  ho lds  o v e r  t i m e  and space ,  excep t  t h a t  t h e  i d e a l  l e v e l s  o f  

c a r e  p e r  p a t i e n t  change ove r  t i m e .  

The parameter  e s t i m a t i o n  p rocess  was c a r r i e d  o u t  i n  t h r e e  

s t a g e s .  Models w e r e  c a l i b r a t e d  f o r  bed supp ly  and d o c t o r  supp ly  

s e p a r a t e l y .  Then a  two r e s o u r c e  (beds  and d o c t o r s )  model was 

c a l i b r a t e d .  Th i s  p r o c e s s  i s  d e s c r i b e d  n e x t .  Before  do ing  t h i s ,  

i t is  necessa ry  t o  ex tend  f u r t h e r  t h e  n o t a t i o n  o f  s e c t i o n  2. 

The model pa ramete rs  w i l l  be e s t i m a t e d  from 1 0  d a t a  p o i n t s .  The 

a c t u a l  d a t a  f o r  d a t a  p o i n t  i ( i  = 1,2,N) w i l l  be  r e p r e s e n t e d  

t h u s  - x .  ( i ) ,  Y j  a (i) w i t h  t h e  mode s u b s c r i p t  k  removed a s  t h e r e  
3 

i s  o n l y  one mode. Thus t h e  amount o f  r e s o u r c e  t y p e  R used a t  

d a t a  p o i n t  i i s  

F u r t h e r ,  l e t  G . ( i )  and 9 be t h e  p r e d i c t e d  l e v e l s  u s i n g  
3 j 

DRAM g i ven  a  p a r t i c u l a r  parameter  set (X,Y,a,B) and r e s o u r c e  

a v a i l a b i l i t i e s  R a ( i )  a t  d a t a  p o i n t  i. The fo l l ow ing  measures 

o f  goodness-o f - f i t  can  t hen  be d e f i n e d  



where w is weighted average of x.(i) and v is a weighted aver- 
j I 

age of y (i). As an indication of the goodness-of-fit of DRAP4, 
i a 

it is useful to make the following comparisons 

4.2. Parameter Estimation for DRAM with One Resource - ~ospital  
Doctors 

DRAM was parameterized firstly for one resource - hospital 

doctors-The parameters for this model were estimated using the 

techniques described in Appendix A. They are given in Table 5. 

Figures 1  and 2 give the admission rates and supply levels per 

patient, both actual and from the model (using the parameters 

in Table 5), plotted against total doctor-days per 1 0 0 0  popula- 

tion for each of the 10 data points. Total doctor-days (per 

1000  population) is defined to be the number of doctor-days 

actually available for all seven patient categories. 

Figure 1  shows that admission rates for general medicine 

increase as total doctor supply increases. General surgery ad- 

mission shows a similar tendency except that the rate of increase 

is slower. Further the figure suggests that the admission rate 

for general medicine is more elastic to total doctor supply than 

the admission rate for general surgery. This is an indication 

that the a for general medicine is less than the u for general 

surgery. Table 5 shows that the estimated a for general medicine 

is indeed less than the estimate for general surgery. 
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Figure 1 .  Admission rates. 
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Figure 2. Supply levels (doctors) . 



F igu re  2 a l s o  shows t h a t  doctor -days p e r  p a t i e n t  f o r  both  

g e n e r a l  su rge ry  and o b s t e t r i c s  and gyneacology i n c r e a s e  a s  t h e  

t o t a l  d o c t o r  supp ly  i n c r e a s e s ,  i . e . ,  t h e  supp ly  l e v e l s  f o r  t h e s e  

two c a t e g o r i e s  a r e  e l a s t i c  t o  t h e  t o t a l  d o c t o r  supp ly .  Tab le  5 

shows t h a t  low B's have been es t ima ted  f o r  t h e s e  two c a t e g o r i e s .  

I n  t h e  one- resource v e r s i o n  o f  DRAM, t h e  model assumpt ions 

imply t h a t  f o r  each p a t i e n t  ca tego ry ,  t h e  admiss ion r a t e s  and 

supp ly  l e v e l s  p e r  p a t i e n t  shou ld  monoton ica l ly  i n c r e a s e .  Fig- 

u r e s  1 and 2 show t h a t  f o r  some c a t e g o r i e s  DRAM f a i l s  t o  rep ro -  

duce much o f  t h e  observed r e s u l t s .  A comparison between SS; 
j 

and S S ~  and SS; and S S ~  i n d i c a t e s  how w e l l  t h e  model re- 
j ' j 1 j 1 

produces t h e  observed r e s u l t s .  I n  t h e  p a r a m e t e r i z a t i o n  p rocess  

w e  are seek ing  p a r a m e t e r s ' ( ~ , ~ , c i , B }  which s imu l t aneous l y  make 

t h e  r a t i o s  S S ~ ;  . / s s ~  and S S ~  s m a l l  i e .  , < 1 ) . If, f o r  i n -  
3- j j 2 

s t a n c e ,  SS;./SSX i s  approx imate ly  one,  t h e n  t h e  model does  n o t  
I j 

rep roduce  t h e  a c t u a l  r e s u l t s  any b e t t e r  t han  t a k i n g  t h e  mean o f  

a l l  t h e  a c t u a l  x 
j ' 

Tab le  5 i n d i c a t e s  t h a t  DRAM has  been most 

s u c c e s s f u l  i n  rep roduc ing  a c t u a l  admiss ion r a t e s  f o r  g e n e r a l  

s u r g e r y ,  g e n e r a l  medic ine and p a e d i a t r i c s ,  and reproduc ing  a c t u a l  

supp ly  l e v e l s  p e r  p a t i e n t  f o r  g e n e r a l  s u r g e r y ,  o b s t e t r i c s  and 

gynaecology,  and p a e d i a t r i c s .  

4 . 3 .  Parameter  Es t ima t i on  f o r  DRAM wi th  One Resource - H o s p i t a l  
Beds 

The parameter  e s t i m a t e s  when t h e  r e s o u r c e  i s  h o s p i t a l  beds 

a r e  g i ven  i n  Tab le  6. F i g u r e s  3  and 4  g i v e  t h e  admiss ion r a t e s  

and supp ly  l e v e l s  pe r  p a t i e n t ,  bo th  a c t u a l  and from t h e  model 

( u s i n g  t h e  paramete rs  i n  Tab le  6)  p l o t t e d  a g a i n s t  t o t a l  bed-days 

p e r  1000 popu la t i on  f o r  each  of  t h e  10 d a t a  p o i n t s .  T o t a l  bed- 

days ( p e r  1000 p o p u l a t i o n )  i s  d e f i n e d  t o  be  t h e  number o f  bed- 

days  a v a i l a b l e  f o r  a l l  t h e  seven  c a t e g o r i e s .  

Examinat ion o f  t h e  r a t i o s  S S ~  . / s s ~  and SS? /Ssy j1  i n  Table 
I j j 1 

6,  s u g g e s t s  t h a t  t h i s  v e r s i o n  of  DRAM has  been most s u c c e s s f u l  

i n  rep roduc ing  a c t u a l  admiss ion r a t e s  f o r  p a e d i a t r i c s  and 

ophthalmology and reproduc ing  a c t u a l  supp ly  l e v e l s  p e r  p a t i e n t  

f o r  g e n e r a l  s u r g e r y ,  g e n e r a l  medic ine,  and o to rh ino la r yngo logy .  
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Figure 3. Supply levels (beds) . 

AVAILABLE BED-DAYS PER 1000 POPULATION 

KEY - Actual Model redictions 

GEN SURG 1 
GEN MED 2 
OBST & GYNAE 3 
TRAU & ORTHO 4 
OTORH I NO 5 
PAEDIATRICS 6 
OPHTH 7 

I 4 

20' 4 
4 4 4 

4 4 
Q 

B l 6 .  -@ 4 4 
Z 
W 
H 2 rn 

2 1 2 -  2 

a 
W 3 
L4 3 3 3 3 

Y m 
cn 8 v 3 3 eJ < 

>r 
3 
I 
n 

1 2 .  

8 .  

1 
1 1 1 

1 1 
m m 1 

1 

7 3 0  8 0 0 850 900  950  

AV.AILABLE BED-DAYS PER 1000 POPULATION 



AVAILABLE BED-DAYS PER 1000 POPULATIOEJ 

KEY - 
A c t u a l  M o d e l  P r e d i c t i o n s  

GEN SURG 1 
GEN HED 2 

0 
OBST & GYNAE 3 
TRAU & ORTHO 4 
OMRHINO 5 
PAEDIATRICS 6 
OPkTl'B 7 

3 

AVAILABLE BED-DAYS PER 1000 POPULATION 

Figure 4. Admission rates. 



A s  mentioned e a r l i e r ,  t h e  model assumpt ions f o r  a one- 

r e s o u r c e  v e r s i o n  o f  DRAM imply t h a t  f o r  each  p a t i e n t  c a t e g o r y ,  

t h e  admiss ion r a t e s  and supp ly  l e v e l s  p e r  p a t i e n t  shou ld  mono- 

t o n i c a l l y  i n c r e a s e  a s  t o t a l  r esou rce  supp ly  i n c r e a s e s .  Some of  

t h e  a c t u a l  v a r i a t i o n  i n  F i g u r e s  1 -  4 do n o t  f o l l ow  t h i s  p a t t e r n .  

However, f a i l u r e  o f  t h e  a c t u a l  d a t a  t o  f o l l ow  t h i s  p a t t e r n  does 

no t  imply t h a t  a two- resource DM1 w i l l  n o t  rep roduce  t h e  a c t u a l  

d a t a  a s  t h e s e  a r e  l i k e l y  t o  be i n t e r a c t i o n s  between t h e  two re- 

sou rces  n o t  i n d i c a t e d  i n  t h e  f i g u r e s .  

I n  t h i s  s e c t i o n  and t h e  p rev ious  one,  two one- resource ve r -  

s i o n s  of  DRAM have been paramete r i zed  f o r  seven p a t i e n t  c a t e -  

g o r i e s .  The e x t e n t  t o  which t h e  two models can reproduce a c t u a l  

d a t a  do  n o t  comp le te ly  o v e r l a p .  I n  a two- resource model, it is  

hoped t h a t  t h e g o o d  p a r t s  o f  t h e  i n d i v i d u a l  models w i l l  be re- 

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

i t i e s  o f  t h e  r e s o u r c e s  w i l l  be a b l e  t o  rep roduce  more o f  t h e  

observed behav io r .  

4 . 4 .  Parameter  Es t ima t i on  f o r  DRAM w i t h  Two Resources - H o s p i t a l  
Beds and H o s p i t a l  Doctors .  

To c a l c u l a t e  t h e  paramete rs  f o r  DFU4.M f o r  two r e s o u r c e s  - 
h o s p i t a l  d o c t o r s  and h o s p i t a l  beds -it i s  necessa ry  t o  e s t i m a t e  

t h e  r a t i o  o f  t h e  marg ina l  c o s t s  o f  t h e s e  resouces  ( C  ) when a l l  R 
needs f o r  h e a l t h  c a r e  a r e  m e t .  F u r t h e r ,  s i n c e  t h e  f o l l ow ing  

a n a l y s i s  u s e s  average  c o s t s , i t  has  been assumed t h a t  t h e  above 

r a t i o  e q u a l s  t h e  r a t i o  of  t h e  average  c o s t s  f o r  t h e  two r e s o u r c e s  

a t  t h e  c u r r e n t  r e s o u r c e  l e v e l s .  

From Hea l t h  S e r v i c e  Cos t ing  Returns  f o r  1977 (SWRHA 1977b) 

t h e  average  n e t  t o t a l  c o s t  (1976/77) p e r  i n - p a t i e n t  day f o r  

( a c u t e )  h o s p i t a l s  w i t h  o v e r  100 beds  f o r  t h e  South  West Hea l t h  

Region i s  a s  f o l l ows :  

Medical  S t a f f  

~ u r s i n g  S t a f f  11.53 (19 
Medical  and S u r g i c a l  S u p p l i e s  3.78 (1,) 

3 

Diagnos t i c  and Paramedica l  Suppor t  
S e r v i c e s  2.97 (Iu) 
Genera l  S e r v i c e s  (Admin i s t r a t i on ,  
C a t e r i n g ,  Domest ic,  E s t a t e  Management) 13.51 ( I5)  

35.51 (TOT) 



On average for the seven patient categories under consi- 

deration, there is approximately one doctor-day for every 50 

bed-days. The problem is now to allocate the above cost head- 

ings between the two resource types. The measure of hospital 

doctor resource has been taken as the number of consultants. 

Consultants generally had a team of junior doctors and support 

staff. The measure of this resource type can therefore be re- 

garded as the number of "consultant teams". Thus the cost of 

this resource type must include the cost of employing a con- 

sultant and his team (i.e. cost I1). It can be argued that the 

use of some or all of the medical and surgical supplies is di- 

rectly proportional to the number of consultant teams. Thus 

some or all of this cost shouldbe attributedto the hospital doc- 

tor resource type. A similar argument holds for Diagnostic and 

Paramedical Support Services. Three possible allocations of 

costs to the hospital doctor resource type were considered. 

(1) Only medical staff costs contribute 

The cost ratio of one doctor-day to one bed-day 

is taken to be 50 I1 
= 5.85 

TOT-I 

(2) Medical staff and diagnostic and paramedical support 

services costs contribute 

The cost ratio of one doctor-day to one bed-day is 

taken to be 50 (11+14) 
= 11.61 

TOT-I -I4 

(3) Medical staff, diagnostic and paramedical support 

services, and medical and surgical supplies costs 

contribute 

The cost ratio of one doctor-day to one bed-day is 

taken to be 50(11+13+14) 
= 20.91 

TOT-11-13-I4 



In the remainder of the paper, for parameter estimation 

purposes, the marginal cost ratio (when all demands for health 

care are satisfied) of one doctor-day to one bed-day has been 

taken as ten. The above analysis has been somewhat crude, and 

a more detailed analysis of the ratio of the costs of the two 

resources may be worthwhile. However, empirical evidence shaws that 

parameter estimates may not be sensitive to changes in this 

ratio. 

Using the above ratio, the parameters for the two-resource 

version of DRAM were estimated. They are given in Table 7. A 
A A 

comparison of the ratios SSX./SS~ and SSyjQ/ssYjQ, between the 
I j 

two-resource model and the two individual resource models 

given in Table 8. Overall the results of the-two-resource 

model are similar to the results of the two individual models 

(taking the better results were appropriate). For the two- 

resource model, a reduction in the reproducibility of actual 

results for admission rates is balanced by an improvement for 

supply levels. 

If the patient categories are ordered by the measure 

ssx SSY j +A-+  SSY j 2 

ssx 
j ssYjl ssYj2 

then the following ranking is produced (lowest first) : 

-- General Medicine 

-- Paediatrics 

-- General Surgery 

-- Otorhinolaryngology 

-- Obstetrics and Gynaecology 

-- Traumatic and Orthopaedic Surgery 

-- Ophthalmology 

Aspden and Ruznak (1980) parameterized a two-resource 

(hospital beds and doctors) DRAM for Czechoslovakian hospital 

in-patient care. Ordering the same seven treatment categories 



Table 7. Two-resource (hospital beds and doctors) D M  parameter estimates for 
South West Health Region in-patient care. 

Trea tmen t  
c a t e g o r y  

Admiss ion r a i e s  - s u p p l y  l e v e l s ;  beds  - Supp ly  l e v e l s :  d o c t o r s  - 
x a ssx SSX. Y 

j l  'jl s s y j l  s s y j l  y j 2  B j 2  sspj2 j j j 
SSY 

G e n e r a l  S u r g e r y  23  5 .7  .025 .026 1 5  . 5 1  .056 .138 .25 3.7 . I 3 5  .2 12 

Genera l  Medic ine 28 .001 .239 .395 1 9  .53  .030 .079 .28  9 .5  .047 .078 

O b s t e t r i c s  and 24 2 .7  .057 .058 8 .6  8 . 3  .086 .081 .22 .87 .146 .293 
Gynaecology 

T r a u m a t i c a n d o r t h o -  12 2.2 .535 .517 2 1  1 . 9  . I 7 9  . I 9 4  .39 5 . 1  .085 .096 
p a e d i c  S u r g e r y  

O t o r h i n o l a r y n g o l o g y  5.9 1.0 .385 .390 1 6  .001 .119 .285 . 7 0  1.0 .587 .756 

P a e d i a t r i c s  12 .001 .170  .307 1 7  1.0 .205 .197 .37 1 . 7  .184 .372 

Ophthalmology 2 .6  5 . 0  .237 .234 16  1.0 .284 .203 1.1 1.8 .711  .843 



A A 

Table 8. Comparison of S S X . / S S ~  and SSy. /ssyjp. 
I j  ~g 

Treatment Two i n d i v i d u a l  resource  model Two resource  model 
ca tegory  A d m i s s i p s  SuEpl; l ~ v e l s : d o c t o r s  Supply 1evels:beds Admissions Supply 1 ~ v e l s : d o c t o r s  Supply 1evels:beds 

Min {SSX ./SSYj SSy /SSy ss9 j 1 /Ssyj l  SSSj /SSX j S S ~  j /SSY j ss? j 2 /SSY j 2 
from Tab le  5 & 6 from Tab le  5 from Tab le  5 from Table 7 from Tab le  7 from Tab le  6 

General  Surgery .38 .47 

General  Medicine .51 .79 

O b s t e t r i c s  & 

Gynaecology 

Traumatic & or tho-  1.01 - 8 3  
paed ic  Surgery 

Otorh inolaryngology .87 .95 

P a e d i a t r i c s  - 74  .71  

Ophthalmology .72 .93 



by the same measure, produces the following list (lowest first): 

-- General Medicine 

-- General Surgery 

-- Ophthalmology 

-- Obstetrics and Gynaecology 

-- Otorhinolaryngology 

-- Traumatic and Orthopaedic Surgery 

-- Paediatrics 

The lists are very similar, apart from the switching of 

paediatrics and ophthalmology, and suggest the hypothesis that 

the levels of hospital beds and doctors are more important for 

forecasting admission rates and supply levels per patient for 

general surgery and general medicine than for traumatic and 

orthopaedic surgery. 

As Table 7 indicates, the two-resource DRAM is able to 

reproduce the observed results better for some treatment cate- 

gories than for others. Ideally, for planning purposes, a 

better model would be desirable. To achieve this further ana- 

lysis is necessary, requiring access to health care planners 

within the SWRHA, and access to more detailed data. For in- 

stance, it would be interesting to consider whether 

Any improvements could be gained by disaggregating 

the patient categories 

There are better resource measures of the resource 

types hospital beds and hospital doctors; for instance, 

using the "total number of hospital doctors of all 

grades within a speciality", rather than "the total 

number of consultants within a speciality" 

Cross-area flows of patients vary with patient category 

Other resource types should be introduced into the 

model (e.g. diagnostic services, aneasthetists, nurses, 

operating theaters) to improve its explanatory power 



In the remainder of this paper, only the patient categories - 
general surgery, general medicine, and obstetrics and gynaecology, 

will be considered. This is because a "consultant-year" is pro- 

bably too coarse a measure of the hospital doctor resource type, 

and for this reason the patient categories - otorhinolaryngology, 

paediatrics, and ophthalmology -have been excluded. Traumatic 

and orthopaedic surgery has been excluded (pending further ana- 

lysis) because so far there is no indication that for this cate- 

gory total available hospital beds and doctors are related to 

admission rates and supply levels per patient. In terms of re- 

sources, the three chosen patient categories utilize 64% of the 

bed-days and 55% of the bed-days of the 7  patient categories. 

A two-resource DRAM was parameterized for the general 

surgery, general medicine, and obstetrics and gynaecology treat- 

ment categories, using 1975  and 1976 data. The parameters are 

given in Table 9. In the next section this model is "tested" by 

using it to predict the outcomes for 1977  and by comparing these 

predictions with the observed data. 

4.5. Predicting the Allocation of Health Care Resources in 1977 
Using a Model Developed from 1 9 7 5  and 1976  Data 

Section 4.1. considered how the DRAM parameter set {X,Y,a,B) 

changed over time. It was considered that for the time scales 

under consideration, only the parameter Y changed with time. It 

was assumed that the actual supply levels per patient where 

reduced annually by 2 i X .  The parameters in Table 9  were cal- 

culated from 1 9 7 5  and 1976  data, with the 1976  data standardized 

to 1975  ( as indicated in Section 4 . 1 . ) .  Thus the Y parameters 

in Table 9  relate to 1975.  By a process of trial and error, it 

was found that the Y parameters should be reduced by 6.8% to 

produce an average reduction of 5 %  in the supply levels per 

patient. The adjusted parameter set was used to predict the 

allocation of resources for 1977,  given the total available 

resources for the three patient categories actually allocated 

in 1977.  The predictions and actual results are given in Table 10. 

The question arises: Are the differences between observed 

and actual values consistent with the predictive accuracy of the 



Table 9. Two-resource (hospital beds and doctors) DRAM parameter estimates for 
South West Health Region in-patient care. 

Treatment  
c a t e g o r y  

Admission r a t e s  Supp ly  l e v e l s :  b e d s  - Supp ly  l e v e l s :  doctors-  
x a ss2 SSX Y B j l  sspj1 s s y j l  Y 
j j j j 11 j 2  'j2 sspj SSY 

Genera l  Su rge ry  26 4.2 -014 0.026 11 2.2 .058 -138  .24 11 .128 .2 12  

Genera l  Medic ine 45 -001 .131 0.395 1 5  2 . 0  -052 .079 .27 23 .061 -078  

O b s t e t r i c s  and 20  200 .069 -058  8 .6  6 . 5  .061 .081 -19  3.8 .118 .293 
Gynaecology 



Table 10 .  1977  Allocation of resouTce8 - model predictions and actual results. 

AVON CORNWALL DEVON GLOS SOMERSET 

Prediction Actual Prediction Actual Prediction Actual Prediction Actual Prediction Actual 

General Surgery 

Admission rate per 1000 pop 21.6 21.8 20.8 20.5 20.8 20.8 19 .O 19.7 20.7 21.5 
Bed-days per patient 9.6 9.9 8.3 7.5 8.4 9.4 10.6 10.1 8.2 8.6 
Doctor-days per patient 0.19 0.22 0.19 0.16 0.19 0.19 0.17 0.14 0.19 0.18 

General Medicine 

Admission rate per 1000 pop 19.8 17.9 15.9 18.6 15.9 14,l 9.9 10.3 15.7 12.4 
Bed-days per patient 12.6 12.2 10.8 10.3 10.9 11.4 14.0 13.8 10.6 12.6 
Doctor-days per patient 0.23 0.20 0.23 0.21 0.23 0.25 0.22 0.27 0.23 0.31 

Obstetrics and Gynaecology 

Admission rate per 1000 pop 19.6 23.1 19.6 18.0 19.6 19.4 19.6 20.3 19.6 19.0 
Bed-days per patient 7.7 7.5 7.2 7.8 7.3 6.8 8.0 8.6 7.2 7.1 
Doctor-days per patient 0.11 0.11 0.11 0.14 0.11 0.12 0.09 0.08 0.12 0.11 



model? To answer this question, it will be assumed that the 

error term associated with the prediction of x is normal, with 
j 

mean 0  and variance o 2; and the error term associated with the 
j 

prediction of y is normal with mean 0  and variance w 2 
I t 

will be estimated as follows 
j t '  

N ,. 
A li 

o = (= w ( )  from Table 9)  
j N-4 N-4 

N A 

li 

A li 
i= 1  

W = 
jg N-4 (= vj & r i )  from Table 9 )  

where in this instance N = 10  

(using the divisor (N-4) in the above expressions is discussed 

in Appendix C) . 
Thus if the difference between the observed and the actual 

value is divided by the appropriate standard deviation, the re- 

sulting standardized error variable is distributed normally with 

mean 0  and variance 1 .  There are 45 such variables, and a com- 

parison between these standardized error variables (calculated 

from Table 1 0 )  and the expectation given a normal distribution 

of mean 0  and variance 1  is given in Table 11. The table indi- 

cates that there is no statistical difference between the actual 

and theoretical deviations. This suggests that the model has 

successfully predicted the resource allocation in 1977 given 

the assumed predictive accuracy of the model. 



Table 11.  Distribution of standardized error variable. 

Actual 8 9  1 0  11  7  

Expected 
assuming normal 9  9  9  9  9  
distribution 
mean 0 variance 1  

5.  ILLUSTRATIVE EXAMPLES OF THE USE OF THE TWO-RESOURCE DRAM 
FOR SOUTH WEST HEALTH REGION IN-PATIENT HOSPITAL CARE 

In the previous section, the estimation of the parameters 

for a three-patient-category model of the South West Health 

Region in-patient hospital care was described. The model 

parameters were derived from 1 9 7 5  and 1 9 7 6  data, and it suc- 

cessfully predicted the results for 1977 .  Normally, the next 

stage would be to derive the DRAM parameters using all three 

years data, then use the new model to make predictions for 
4 

different allocations of resources. However, 1 9 7 5  was the 

year of the junior hospital doctors' strike referred to earlier. 

Its effect on the utilization of available health care resources 

is uncertain. In view of this, it was decided to estimate the 

parameters of the three-patient-category model using 1 9 7 6  and 

1 9 7 7  data only. The 1 9 7 7  data was adjusted to be compatible 

with the 1 9 7 6  data using the approach given in Section 4.1.  

The ( 1 9 7 6 )  parameter estimates are given in Table 1 2 .  Examina- 
A h 

tion of the ratios SSX./SSF and SSy /ssYjQ for Tables 9  and 
I j j Q 

12  indicates that the model derived from 1 9 7 6  and 1 9 7 7  data has 

reproduced the actual results better than the model derived from 

1975  and 1 9 7 6  data. 



Table 12. Two-resource (hospital beds and doctors) DRAM parameter estimates for 
South West Health Region in-patient care. 

'* 
Trea tmen t  
c a t e g o r y  

Admission rates Supp ly  leve ls :  b e d s  - Supp ly  leve ls :  d o c t o r s  
A A 

x a ss2 ssx Y 
j  j  j l  

B j l  SSYjl SSYjl Y B j 2  SSYj2 sSYJ2 
j  j  j  2  

G e n e r a l  S u r g e r y  26 2.4 .004 -013  1 3  .98  .053 . I 2 6  .28  2 .8  .I11 .258 

G e n e r a l  Med ic ine  32 .015 .155 .418 1 5  2 . 3  .038 .083 .25 5 . 0  . I 9 3  -188  

O b s t e t r i c s  and 3  3  .43  .040 .071  9 . 0  3.3 .037 .072 .19 2 .0  .099 .322 
Gynaecology 



5.1. Predicting the Allocation of Health Care Resources in 
the Wessex Health Region Using a Model Developed from 
South West Health Region Data 

Section 4.5. described how a three-patient-category DRAM 

made successful predictions across time in the same health 

region. This section describes how a three-patient-category 

model was used to make predictions across space for the same 

year. The three-category model (parameters given in Table 12) 

derived from South West Health Region data for 1976 and 1977 

was used to make predictions in the allocation of health care 

resources in the Wessex Health Region in 1976, given the actual 

resources available in the region for 1976. The Wessex health 

region adjoins the South West Health Region, and consists of 

four Area Health Authorities: 

Dorset (estimated resident population in 1976, 
576,000) 

Hampshire (1,459,000) 

Wiltshire (51 5,000) 

Isle of Wight (1 13,000) 

The Isle of Wight is an island off the coast of Hampshire and 

it only has a population of just over 110,000. This is a 

rather small population for prediction purposes, and so the 

Hampshire and the Isle of Wight areas were combined. The 

population of Wiltshire was augmented by 174,000 to take into 

account the fact that the Wiltshire Area Authority also pro- 

vides hospital care for some people living in the South Vest 

Health Region. (In the earlier calculations for the South 

West Health Region, the appropriate population figures were 

reduced by the corresponding amount.) In making the predic- 
'r* 

tions for Wessex, it was assumed that the same model was appli- 

cable to both Health Regions. This is implicitly assuming that 

morbidity patterns and aggregate behavior of the Health Care 

Systems are the same for both regions. Table 13 gives both 

the predicted and actual allocations of heatlh care resources 

for Wessex in 1976. 



T a b l e  13.  A l l o c a t i o n  o f  Resources  i n  t h e  Wessex H e a l t h  Region. 

HAMPSHIRE 
AND 

DORS ET ISLE OF WIGHT 
WILTSHIRE 

P r e d i c t e d  A c t u a l  P r e d i c t e d  A c t u a l  P r e d i c t e d  A c t u a l  

G e n e r a l  S u r g e r y  

Admiss ion rate p e r  1000 pop 20 .9  1 9 . 8  20.3 18 .7  21.5 22.4 
Bed-days p e r  p a t i e n t  9 .7  10 .9  9 . 5  9 . 4  9 . 8  9 .8  
Doctor-days p e r  p a t i e n t  .19 . 2 0  .18 .17 . 2 1  .19  

G e n e r a l  Medic ine 

Admission rate p e r  1000 pop 1 5 . 8  13 .5  1 4 . 0  1 3 . 8  1 7 . 3  14 .6  
Bed-days p e r  p a t i e n t  12 .5  13 .2  1 2 . 3  1 3 . 1  12 .6  12.9 
Doctor-days p e r  p a t i e n t  .24 .27 .24 .23  .24 .28  

O b s t e t r i c s  and Gynaecology 

Admiss ion rate p e r  1000 pop 20 .7  1 6 . 7  1 9 . 3  18 .7  21 .8  22 .5  
Bed-days p e r  p a t i e n t  7 .9 10 .3  7 . 8  8 . 5  8.0 8 .7  
Doctor-days p e r  p a t i e n t  -11 .14 .10 .14 .12 - 1 3  



Here again it is necessary to ask whether the differences 

between the observed and actual values are consistent with the 

predictive accuracy of the model. Using the methods of section 

4.5., the standardized error variables were calculated. A com- 

parison between the distribution of these variables and the ex- 

pectation is given in Table 14. A 2 test carried out on the 

data in Table 14 revealed that the two sets of data were not 
2 

statistically different (x, statistic not significant at the 

25% level). This suggests that the model has successfully pre- 

dicted the resource allocation in Wessex for 1976, given the 

assumed predictive accuracy of the model. 

Table 14. Distribution of standardized error variables. 

Actual 8 7 5 2 5 

Expected assuming 
normal distribution 5.4 5.4 5.4 5.4 5.4 
mean 0 variance 1 

5.2. Using the Two-Resource D m 4  to Predict the Consequences 
of Changes in Resource Mix in the South West Health 
Region 

In the introduction of this paper, the point was made that 

an issue facing the SWRHA Health Care Planners was the conse- 

quence of increasing the number of hospital doctors and re- 

ducing the number of hospital beds. Having indicated in ear- 

lier sections that within the assumed predictive accuracy the 

three-category D m 4  can successfully predict across space and 

time, we are now in a position to assist with the above problem 

for the general surgery (and urology), general medicine (and 

cardiology), and obstetrics and gynaecology patient categories. 



I n  t h e  f i r s t  app roach  t o  t h e  problem, changes  i n  r e s o u r c e  

mix w i l l  b e  c o n s i d e r e d  which d o  n o t  i n v o l v e  any  o v e r a l l  i n c r e a s e  

i n  m a r g i n a l  c o s t .  I t  w i l l  b e  assumed t h a t  t h e  m a r g i n a l  c o s t s  o f  

t h e  r e s o u r c e s  ( a t  e x i s t i n g  l e v e l s  o f  u t i l i z a t i o n )  a r e  s u c h  t h a t  

1  doc to r -day  = 10 bed-days. I n  1976, f o r  t h e  t h r e e  p a t i e n t  ca-  

t e g o r i e s  used  i n  t h e  model t h e  r e s o u r c e  a l l o c a t i o n  f o r  t h e  whole 

o f  t h e  SWHR was 530 bed-days p e r  1000 p o p u l a t i o n  and 10.0 d o c t o r  

d a y s  p e r  1000 p o p u l a t i o n s .  P r e d i c t i o n s  w i l l  now b e  c o n s i d e r e d  

o f  what would have happened i n  1976 had t h e  r e s o u r c e  mix been 

A 520 bed-days,  11 doc to r -days  p e r  1000 p o p u l a t i o n  

B 510 bed-days,  12 doc to r -days  p e r  1000 p o p u l a t i o n  

B e f o r e  d o i n g  t h i s ,  it must b e  demons t ra ted  t h a t  t h e  model re- 

produces  q u i t e  c l o s e l y  t h e  a c t u a l  a l l o c a t i o n  o f  r e s o u r c e  f o r  

1976. T a b l e  15 shows t h a t  t h e  a c t u a l  a l l o c a t i o n s  and t h e  model 

p r e d i c t i o n s  a r e  q u i t e  c l o s e .  

T a b l e  15.  1976 a l l o c a t i o n  o f  r e s o u r c e s  i n  t h e  Sou th  W e s t  
H e a l t h  Region.  

Admission r a t e s  Bed-days Doctor-days 
p e r  1000 pop. p e r  p a t i e n t  p e r  p a t i e n t  

P r e d i c t e d  A c t u a l  P r e d i c t e d  A c t u a l  P r e d i c t e d  Actu.a l  

G e n e r a l  
S u r g e r y  20.7 20.5 9.2 9.6 .19 .20 

G e n e r a l  
Med ic ine  15.2 14.7 12.2 12.2 - 2 4  .24 

O b s t e t r i c s  & 
Gynaecology 20.0 20.0 7.8 7.7 .12 .12 

F i g u r e  5  g i v e s  t h e  p e r c e n t a g e  changes  i n  t h e  model p r e d i c -  

t i o n s  f o r  1976 r e s o u r c e  l e v e l s  p r e d i c t e d  f o r  t h e  r e s o u r c e  mixes  

A and B.  F i g u r e  5  i n d i c a t e s  tha t  changes  i n  r e s o u r c e  mix would 
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Figure 5. Percentage changes in model predictions using 1976 data. 



have g iven  rise i n  1976 t o  on l y  a sma l l  i n c r e a s e  i n  admiss ion 

r a t e s .  Bed-days p e r  p a t i e n t  would have been s l i g h t l y  reduced 

and doctor -days p e r  p a t i e n t  would have been i nc reased  by a 

g r e a t e r  amount. 

The above a n a l y s i s  has  cons idered  t h e  consequences o f  

changing t h e  mix o f  r esou rce  i n  1976. I n  a r e a l  a p p l i c a t i o n  o f  

t h e  model, t h e  paramete rs  would be e s t i m a t e d  f o r  a g iven  year  

( o r  group o f  y e a r s )  and t hen  used t o  make e s t i m a t e s  f o r  some 

f u t u r e  y e a r s .  Th i s  w e  s h a l l  now do. The model c a l i b r a t e d  

from 1976 and 1977 d a t a  w i l l  be used t o  make p r e d i c t i o n s  f o r  

1978. I n  s e c t i o n  4.1. t h e r e  was a d i s c u s s i o n  of how t h e  para-  

meter set CX,Y ,~ ,B }  was l i k e l y  t o  change ove r  t i m e .  I t  was 

dec ided t h a t  it was on l y  necessa ry  t o  change t h e  i d e a l  supply 

l e v e l s  pe r  p a t i e n t .  I t  was assumed t h a t  t h e  average  supp ly  

l e v e l s  per  p a t i e n t  d e c l i n e d  by 2% p e r  annum. To make t h e  

p r e d i c t i o n s  f o r  1978, t h e  parameters  CY} w e r e  changed s o  a s  t o  

g i v e  an average  r e d u c t i o n  i n  supp ly  l e v e l s  p e r  p a t i e n t  of 5% 

a t  530 bed-days p e r  1000 popu la t i on  and 10.0 doctor -days pe r  

p a t i e n t  ( t h e  parameters  i n  Tab le  12 w e r e  c a l c u l a t e d  f o r  t h e  

year  1976) .  F igu re  6 g i v e s  t h e  percen tage  changes i n  model 

p r e d i c t i o n s  (us ing  t h e  1976 model) f o r  t h e  1976 mix of r e s o u r c e s ,  

p r e d i c t e d  f o r  t h e  two resou rce  mixes (below) us ing  t h e  1978 

mode 1 

A 520 bed-days, 11 doctor-days p e r  1000 popu la t i on  

B 510 bed-days, 12 doctor -days p e r  1000 popu la t i on  

The percen tage  changes g i ven  i n  F igu re  6,  t h u s  a r i s e  from 

two sou rces  

1 changes i n  t h e  r e s o u r c e  mix 

2 changes i n  CY} because o f  improvements i n  " p r o d u c t i v i t y "  

A f t e r  comparing F igu res  5 and 6,  it appea rs  t h a t  2 i s  l i k e l y  t o  

have a g r e a t e r  e f f e c t  i n  i n c r e a s i n g  admiss ion r a t e s  t han  1 .  The 

percen tage  changes i n  supp ly  l e v e l s  p e r  p a t i e n t  i n  F igu re  6 a r e  

less t han  t h o s e  i n  F igu re  5 ,  a s  would be expected s i n c e  t h e  i d e a l  
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levels of supply {Y) have been reduced. 

In the above analysis, the consequences in the SWHR of 

changing the resource mix have been considered in the case 

where there is no overall increases in marginal cost. This 

constraint will now be relaxed and more general changes con- 

sidered. Suppose it is required to compare the consequences 

in 1978 of two resource mixes 

C 530 bed-days, 10 doctor-days per 1000 population 

D 580 bed-days, 1 1  doctor-days per 1000 population 

Table 16 gives the model predictions for resource mixes C and D. 

The model predicts that more patients will be treated for 

resource mix D. Further, the model indicates the differential 

rates of increase. For instance, it is estimated that the ad- 

mission rate for general medicine is 10% higher for D than for 

C (aj is relatively small for general medicine - Table 12). 

Whereas, it is estimated that the admission rates for general 

surgery is only 2.6% higher for D than for C (a is relatively 
j 

high for general surgery). The model also predicts larger supply 

levels per patient for resource mix D. 

An alternative way of using the model would be to estimate 

the admission rates and supply levels per patient in 1978, for 

a range of total resource levels, for example for all combinations 

of 480,530,580 bed-days per 1000 population and 9,10,11,12 doctor- 

days per 1000 population. Having done this, one would take each 

patient category and see how admission rates and supply levels 

per patient vary with total resource levels. Figure 7 gives a 

possible way of illustrating the results for general surgery. 

In this graph, the axes are the resource availabilities. The 

figure indicates resource mixes where the model predicts the 

same admission rate ("contour lines"). Similar contour lines 

are given for the supply levels per patient. Thus the health 

care planner can see how predictions of admission rates and 

supply levels per patient vary with resource mix. 



Table 16. Predicted allocation of health care resources in SWHR. 

Treatment 
cateaorv 

Model Prediction Model Prediction 

530 bed-days per 1000 pop 

10 doctor-days per 1000 pop 

580 bed-days per 1000 pop 

11 doctor-days per 1000 pop 

z a Gen.Surg. 21.2 21.8 
2 E 8 
rn P, Gen.Med. 16.5 18.2 
rn m 
H W O  z E o Obst.& Gynae. 21.1 22.4 a 4 2 2  

rn 5 
B w Gen. Surg. 8.8 9.2 
A u 
? 2 Gen-Med. 11.4 11.7 
n PI 
W  
m iX Obst. & Gynae. 7.3 7.4 w 

PI 

: 5 
A w Gen. Surg. 0.19 0.20 
n H 
I B a A Gen.Med. 0.22 0.22 
0 PI 
E u i~ 0bst.a Gynae. 0.11 0.12 
8 2 
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6. CONCLUSION 

This working paper began by pointing out that a particular 

problem facing the health care planners in the South West Health 

Region, UK, is the consequence (in terms of changes in the 

admission rates and supply levels per patient of hospital re- 

sources) of increasing the number of hospital doctors and de- 

creasing the number of hospital beds for hospital in-patient care. 

The above problem has been considered within the context 

of the Disaggregated - - Resource Allocation - Model - (DRAM). Firstly, 

parameters were estimated for a model with seven patient cate- 

gories 

-- General surgery 

-- General medicine 

-- Obstetrics and gynaecology 

-- Traumatic and orthopaedic surgery 

-- Otorhinolaryngology 

-- Paediatrics 

-- Ophthalmology 

and two resource types 

-- Hospital doctors 

-- Hospital beds 

from 1975 and 1976 data from the South West Health Region. The 

ability with which this model was able to reproduce the actual 

1975 and 1976 resource allocations for the seven patient cate- 

gories had similarities with another model parameterized by 

Aspden and Ruznak (1980) for the same patient categories and 

the same resource types. For example, both models reproduced 

the actual resource allocations best for general surgery and 

general medicine. The actual resource allocations for traumatic 

and orthopaedic surgery were relatively poor in both models. 

In the remainder of the paper, models with three patient 

categories were considered. Traumatic and orthopaedic was 



excluded because neither the SWHR model nor the Czechoslovakian 

model reproduced well the actual behavior for this category. 

Otorhinolaryngology, paediatrics and ophthalmology were all 

excluded because the measure of the hospital doctor supply 

was considered to be probably too coarse to be consistent 

with the DRAM assumptions. 

The parameters for a three-patient-category/two-resource 

DRAM were estimated from 1 9 7 5  and 1976  data. Within the assumed 

predictive accuracy of the model, D W I  successfully predicted 

the resource allocations for 1977  in the South !Jest Health 

Region. Similarly, the parameters for a three-patient-category/ 

two-resource DRAM were estimated from 1 9 7 6  and 1977  data from 

the South West Health Region. Within the assumed predictive 

accuracy of this model, DRAM successfully predicted the re- 

source allocations for 1976  in the Wessex Health Region, the 

region adjacent to the South West Health qegion. Thus the 

three-category DRAM successfully predicted across time and 

space. 

The second of the three-patient-category/two-resource 

models was then used to explore the consequences of changing 

the resource mix in the South West Health Region. For increases 

in the supply of doctors and decreases in the supply of beds 

which involved no overall increases in marginal cost, the model 

predicted that a small increase in admission rates would occur. 

Further runs of the model indicated that these increases would 

be smaller than the increases in admission rates arising be- 

cause of improvements in "productivity" in the health care 

system (provided total resource levels were kept fixed). The 

consequences of more general changes in the mix of hospital 

doctors and beds were also considered. 

All the above analyses have been carried out using aggre- 

gated data from the SWHX and with little contact with officials 

of SWRHA. To a certain extent, therefore, the analyses described 

in this paper are of an indicative nature. They indicate how 

DRAM could be used to explore the consequences for hospital in- 

patient care of changes in the mix of hospital resources. Yith 



access to health care planners within the region and more de- 

tailed data, a version of DRAM could be produced which gives 

a more comprehensive version of hospital in-patient care and is 

more capable of reproducing actual allocations of health care 

resources. In particular,improvements could be achieved by 

using a finer measure of hospital doctor supply, e.g. all hos- 

pital doctors within a speciality rather than just consultants. 

Improved accuracy may be achieved by assuming cross area flows 

of patients vary with patient category. This may be one of 

the reasons why the model is unable to reproduce actual allo- 

cations of resources for traumatic and orthopaedic surgery. 

Another reason could be that hospital beds and hospital doctors 

are not the important resources for this category of patient. 

In general, it would be worthwhile considering the inclusion 

of other resource types (e-g., operating theaters, nurses) into 

the model of hospital in-patient care. 



APPENDIX A: PARAMETER ESTIMATION FOR DRAM 

1. Introduction 

To estimate the DRAT1 parameters (X,Y,a, 6) for South West 

Health Region hospital in-patient care, the approach of Hughes 

(1978~)  was followed. The approach is described here in largely 

qualitative terms. The technical details can be found in 

Hughes (1978~)  . 
It is assumed the utility function Z (equation I), is 

applicable both to the whole of the South West Health Region 

and also to each of the individual areas within the region. 

Further, by making some adjustments (see section 4.1.) the 

same utility function can be used for each area for successive 

years. Thus each area provides an independent data point for 

each year to estimate (X,Y,a,B). The available data points 

are split into two approximately equal groups. Initial esti- 

mates of (X,Y) are provided, and the (a,B) are estimated using 

the first data set (details given below). Given these estimates 

of (a, B )  , new (X,Y) are then estimated from the second data set 

(details also given below) . Given these new (X,Y) further (a, B) 

are then estimated using the first data set and so on until 

successive estimates of (X,Y,a,B) only change by a small amount. 



Before discussing these two estimation procedures, it is 

necessary to introduce additional notation. Following the 

notation introduced in section 4.1., the N data points are 

defined as 

x (i) I yjkR (i) I RE (i) i = 1...N X is the Lagrange 
jk R 

multiplier associated with each resource constraint 

2. Estimates of (a, B) given (X,Y) 

To start the estimation process, A R  must be provided ex- 

ternally for each resource type. The same X is used for all R 
data points. More will be given later about the choice of X R ' 

Hughes (1978~) has indicated that in a certain sense un- 

biased estimates of (a,B) can be determined by solving itera- 

tively the following set of equations given (X,Y): 

where 
X a a are unknown constants jk' jk 

AjkR' BRm are known functions of a and B given X,Y, and A. 

and 
X 

E are random uncorrelated error terms with zero jk' jkR 
means. 



- 

Within the above iteration process, there is a mechanism to 

maintain the non-negativity conditions on (a,B). If at the 

end of an iteration an a or B is estimated to be negative, 

then the parameter is set to 0 . 0 0 1  if the prediction error 

for the parameter is small, otherwise it is reset to some 

arbitrary level (normally 1  or 5). The estimat'ion of (a,B) 

is depicted in Figure A l .  

Assume knowledge Fix A t  for 
of'X,Y,C each resource type 

I Calculate I 

(Estimate (0+1)-' 1 
(B+1) via regression 

Reset negative a,B B 

Figure Al. Estimation of {ci,B). 



3. Estimates of (X,Y) given (a,8) 

Hughes (1978~) shows that 

a. +I 
x = x (p. I 

jk ~k 
from equation 3 

jk 

1 

Y - - ~ ~ ~ ~ ( 5 )  'jkR+l from equation 2 
jk 

where p is a function of a, B ,  Y, and X. ~ h u s  aiven f a ,  ~1 , ( ~ , y j  j k 
can be estimated iteratively if 8 is knaam. Huhqes shms that if r.e can 

R 
specify 0 the ratio of type R resources at ideal levels to R 
current usage, i.e. 

then X R  can be determined. 

The above is the procedure for the first data point. For 

the second (and succeeding) data points the value of the ideal 

resource needs (i.e. 5 % XjkYjkg) specified for the first data 

point is used similarly to-determine h for the second (and R 
succeeding) data points. Thus the specification of OR at the 

first data pint is used to fix X R  for each of N data points. 

Each data point provides an estimate of ( X , Y ) .  A weighted 

average of the N estimates of (X,Y) is then produced. The 

estimation of (X,Y) is depicted in Figure A2. 



Assume knowledge 

v 
Calculate ideal resource levels 
C C (j k XjkYjke) for first data 

point and use these levels for 

the remaining data points 

Combine (XtY) 

for each data 

point to produce 

I 
weighted average 

Figure A2. Estimation of ideal levels. 



4 .  The Linkage Between t h e  Es t imat ion  Procedures 

The two e s t i m a t i o n  procedures a r e  l i n k e d  i n  t h e  fo l low ing  

manner : 

( 1 )  The e s t i m a t e s  of ( X , Y )  a r e  used a s  i n p u t  f o r  t h e  o t h e r  

procedure.  T h i s  i s  s i m i l a r  f o r  (a,B) 

( 2 )  Both e s t i m a t i o n  procedures r e q u i r e  t h e  i n p u t  of  v a l u e s  

f o r  A E .  These should  be c o n s i s t e n t  i n  t h e  fo l low ing  

sense .  Consider parameter  e s t i m a t i o n  when t h e r e  is 

one resou rce  t ype  and t e n  d a t a  p o i n t s  ( f i v e  d a t a  

po iAts  f o r  each procedure)  . I n  ( X , Y )  e s t i m a t i o n ,  

s e t t i n g  O1 means t h a t  X I  i s  f i x e d  f o r  t h e  f i v e  d a t a  

p o i n t s ,  e .g .  

R1 A 1 

Data p o i n t  1  600 1.5 
I t  2  540 1 .8  
II 3  520 2.0 
II 4 510 2.2 
I 1  5  480 2.6 

I f  d a t a  p o i n t s  6-10 have an average resou rce  l e v e l  o f  

535, t h e n  A f o r  t h e  ( a ,  B )  e s t i m a t i o n  should  s a t i s f y  

1.8<A<2.0. 

A r i s i n g  from t h e  second of  t h e  two l i nkage  mechanisms, is 

t h e  f a c t  t h a t  B E  must be provided e x t e r n a l l y .  0  i s  t h e  r a t i o  
2 

of t ype  E r e s o u r c e s  a t  i d e a l  l e v e l s  t o  c u r r e n t  usage a t  a  p a r t i -  

c u l a r  d a t a  p o i n t .  Heal th  c a r e  p l a n n e r s  should  be a b l e  t o  pro- 

v i d e  an  approximate e s t i m a t e  o f  t h i s  r a t i o .  The complete para-  

meter e s t i m a t i o n  p rocess  i s  g iven  i n  F igure  A3. 



Fix Ok for data point 1 

in data set A 

I Estimate (X,Y) I 

Estimate (a, B )  

from data set B 

~stimate (X,Y,a, B) 

unchanged s STOP 

Figure A3. The parameter estimation process. 



5. Measure o f  Goodness-of-Fi t  

I n  a d d i t i o n  t o  t h e  parameter  e s t i m a t i o n  mentioned above,  

it is a l s o  u s e f u l  t o  have some way o f  d e c i d i n g  whether  succes-  

s i v e  sets o f  (X,Y,a ,~)  a r e  " b e t t e r " .  I n  a d d i t i o n ,  i t i s  u s e f u l  

t o  c o n s i d e r  whether  d i f f e r e n t  v a l u e s  o f  0 g i v e  r ise t o  " b e t t e r "  R 
pa ramete r  sets.  L a s t l y ,  i t i s  i n t e r e s t i n g  t o  see i f  c e r t a i n  

pa rame te rs  from t h e  set  (X,Y,a,B) a r e  f i x e d  exogenously,  whether  

t h e  e s t i m a t i o n  p rocedure  produces " improved" paramete r  sets. 

The f o l l o w i n g  measure o f  goodness-o f - f i t  h a s  been used t o  

compare pa rame te r  sets: 

where 

( 1 )  x . ( i ) .  y j R  (i) ( i = 1  ... N )  a r e  t h e  a c t u a l  d a t a  p o i n t s  and 
3 

A 

. (i) , y j  r(i) ( i = 1 . .  . N )  a r e  t h e  p r e d i c t e d  l e v e l s  from 
3 

DRAM g i v e n  a  p a r t i c u l a r  parameter  set  and r e s o u r c e  

a v a i l a b i l i t . i e s  a t  d a t a  p o i n t  i a r e  

R (i) = C x . ( i ) y  ( i) ; 11 
j 

I j R 

( 2 )  w and v  a r e  s c a l i n g  f a c t o r s ,  set a s  f o l l o w s  - 
j jl R 

w i s  an average  ( p o s s i b l y  we ighted)  o f  x .  (i) , i = 1 . .  . N  
j J 

v  i s  an average  ( p o s s i b l y  we ighted)  o f  y  ( i ) ,  
111 1 R 

i = 1 . .  .N  ; 

( 3 )  t h e  modal s u b s c r i p t  h a s  been o m i t t e d .  

I n  p r a c t i c e  it is  u s e f u l  t o  s p l i t  t h i s  measure i n t o  t h e  

f o l l ow ing  s e c t i o n s :  
A C) 

A x  . (i) -x (i) 
s s x  = 

C (  

3 
j j 

Thus 
h h 

SS = CSSX + C C ssy  
j j j a  111 



6. Computational Procedure 

Experience has shown that the parameter estimation proce- 

dure given in Figure A3 converges about half the time within 

6 to 9 iterations. Convergence is assumed when the change in 

parameter estimates is about 4 X .  

If there is no sign of convergence after seven iterations, 

the process should be stopped. Frequently, in such cases parater 

estimates are oscillating. Often this arises when the actual' 

admission rates (or resource supply levels per patient) exhibit 

great variation independent of total resource availability. 

Whether the estimation procedure converges or not the func- 

tion SS should be calculated and 
CI 
L 

A x. (i) -w. 
S S X  compared with 55; = T (-2 wj ) 

I j 

h a 

If SSx > S S ~  then W is a better predictor of the actual re- 
P P P 

sults than x (i). In a one-resource model, this normally arises 
P 

when x (i) is independent of total resource supply. In such 
P 

circumstances a better model fit (i.e. smaller SS) is normally 

achieved if X is fixed at w anda is set to a large number in 
P P P 

the parameter estimation process. 

A similar approach should be adopted if 

ssy > ssy j a  for a particular j R .  

As a result of the above conparison there are four options: 

(1)  parameter estimation procedure converged and no (X,Y, 

a,B) fixed. The (X,Y,a,B) should be regarded as the 

best estimates the method can produce. 

(2) Parameter estimation procedure converged and some 

(X,Y,a,B) fixed. The parameter estimation procedure 

given in Figure A3 should be run again. Convergence 

should occur again and after calculating SS, no further 

(X,Y,a,B) should be fixed. The second set of (X,Y,a,B) 



should be regarded as the best estimate the method 

can produce. 

(3) Parameter estimation procedure did not converge and 

no (X,Y,a,l3) fixed. This seems an unlikely event. 

In such cases perhaps the data points should be 

reallocated to the two groups, and the parameter 

estimation process started again. 

( 4 )  Parameter estimation procedure did not converge and 

some (X,Y,a,B) fixed. The parameter estimation pro- 

cedure given in Figure A3 should be run again and SS 
A A 

calculated. Further SSx and SSy comparisons should 
j j 2 

be carried out and more (X,Y,a,B) fixed if necessary, 

and so on. 

Normally a maximum of two runs of the procedure given in 

Figure A3, should produce usuable (XI Y, a, 6) . 

7 .  Illustrative Example 

In this section the methods described in the previous sec- 

tions will be illustrated. Parameters will be estimated from a 

set of data points x and y generated from the following model, 
j j 1 

X1 = 100 X2 = 100 

Y21= 10 Ideal level of resources = 2000 Yll' 13 units 

The data points are given in Table Al. In estimating the para- 

meters it will be assumed that the ideal level of resources is 

known, i.e. O 1  is known. The data points were randomly split 

into the two groups for estimation purposes as follows. 

Data set A - Estimation of (X,Y) data points 1,4,5,6,8 

Data set B - ~stimation of (a,B) data points 2,3,7,9,10 

The average resource levels of data set B is 1120. So using the 

linkage procedure described in section 4 of this Appendix, the 

value of A ,  in the (a,B) estimation should be set approximately 



Table Al. Data points. 

x, ( i )  x2 ( i )  y,, ( i )  y2, ( i )  X, ( i )  Y,, ( i )  + x ( i )  y2, ( i )  = R ( i )  
D a t a  p o i n t  i 2 

equal to the value of X at data point 6 arising from the (X,Y) esti- 
mation. 

Starting with the following initial values a = 1, a2 = 1, 1 
a l l  = 1, f321 = 1, the estimation procedure gave the following 

results 

Iteration 1 

Iteration 2 

Iteration 3 

Iteration 4 

XI = 65.7 X2 = 124.7 

Y l l =  5.30 Y21= 13.25 

X at data point 6 is 1.89 

X set at 1.98 

A at data point 6 is 3.13 

X set at 3.00 

a1 = 0.401 a = 11.6 2 
B l l  = 0.247 

62 1 
= 11.4 



Iteration 5 

Iteration 6 

Iteration 7 

Iteration 8 

Iteration 9 

A at data point 6 is 2.85 

A set at 2.80 

X at data point 6 is 2.64 

X set at 2.64 

a = 0.205 1 a2 = 10.1 

B l l  = 0.102 B2,= 10.0 

The above indicates that the ( Y  parameter estimates are 

quicker to stabilize at their true values than the (a, B) para- 

meter estimates. Other empirical evidence confirms this view 

that the (X,Y) parameter estimates stabilize quicker than the 

(a,@) parameter estimates. Fortunately the sensitivity analysis 

(described in Appendix B) indicates that less accurate estimates 

are required for the (a, (3) parameters than for the (X,Y) para- 

meters. 

Further empirical work has shown that even with the correct 

(X,Y) and the above data points, there will always be a small 

error in the estimates of (a,@). This is because A varies as 

the resource level changes and in the (a,B) estimation process 

it is assumed that the same X is valid for all data points. The 

error arising from this assumption in this particular case can be 

estimated by using the parameter values at Iteration 9 to repro- 

duce the original data, and measuring the error as the average 

of 100x/actual-estimated/for all data points for x1,x2 etc. 

actual 



Calculated on this basis the average error is 

for x, is 2.55 

X2 is 0.1% 

Y1 1 is 1.3% 

Y12 is C).2% 

This error can be regarded as small. 

8. Fixing the Value of 0 R 

In parameterizing DRAM for Czechoslovakia hospital in- 

patient care [Aspden and Ruznak (1980)], values of O R  were 

chosen so that actual resource levels were approximately 

40-75% of ideal levels. ~xamination of the differences be- 

tween actual results and model prediction indicated that the 

chosen values of O R  did not introduce bias. 

In this section the problem will be approached a little 

differently. The effect of using incorrect 8 will be consi- R 
dered by estimating the parameter set (X,Y,a,B) from the data 

in Table A1 assuming (i) the ideal level of resource is 2500 

units and (ii) the ideal level of resource is 1600 units. 

Table A2 gives the parameter estimates and the average abso- 

lute percentage errors (as defined earlier) for these estimates. 

The table indicates that errors in 8 do not introduce any R 
further error when considering the difference between actual 

results and model predictions. However, uncertainty about 8 
R 

implies uncertainty about the estimates (X,Y,a,B). In parti- 

cular, interpreting the estimates of (X,Y) as prediction of 

"ideal levels" of care must be done with some caution. 



Table A2. Parameter estimates. 

Ideal level=2500 Ideal level=1600 

Parameter B11=0.049 B21=9.1i6 B11=0.292 821=1 1.88 

estimates 
X1 =113.3 X2 =102.4 X1 =78.6 X2 =97.9 



APPENDIX B: SENSITIVITY ANALYSIS 

This appendix gives the results of a sensitivity analysis 

of the parameters of a one-resource DwI. The aim of the ana- 

lysis is to see how sensitive the model solution is of changes 

in the parameter set {x,Y,~,B}. This is important for two rea- 

sons. Firstly, such an analysis gives some indication on the 

relative accuracy with which the parameters should be estimated. 

Secondly, it indicates the effect of changes in the health care 

systems, e.g. changing morbidity patterns (changes in X), re- 

duction in length of stay (changes in Y). 

The basic model on which the sensitivity analysis was 

carried out is given in Table B1. The model solution for this 

parameter set is given in TableB2. In the sensitivity analysis, 

one parameter is perturbed (changes to .5  or 1.5 of its original 

value) and a new model solution calculated. The parameters per- 

turbed in this are marked by an ( * )  in Table B1. For each of the 

four types of parameters {X,Y,a,B} two parameter values are 

changed, one has a high numerical value and the other a low 

numerical value. For instance, for the parameter X X2 and X4 
j f  

have been perturbed, X2 is the largest X and X4 is the next 
j 

to the smallest. The results of the sensitivity analysis are 

given in Table B3. 



Table B 1 .  Basic parameter set. 

(Ideal number (Ideal number of 
Patient of patients units of resource 

01 
category j to be treated) j per patient) O j l  

1 69.3 .205* 16.6 316.88 

2 69.5* .001 23.1 6.03* 

3 45.5 5.711* 12.2* 3.06 

4 6.9* -969 39.4 1 - 0 0  

5 13.2 .8 70 19.4 1. 00* 

6 18.0 2.608 48.2* -001 

7 8.6 .001 34.1 1 .00 

Available resource R = 2119 units 

*parameter varied in sensitivity analysis 

Table B2. Model solution for basic parameter set. 

Patient 
category j x x ./X 

j I j Y j  1 



Table B3. Results of sensitivity analysis. 

Parameter  ( P . )  Pe rcen tage  Percen tage  Max p e r c e n t a g e  Max p e r c e n t a g e  
changed change i n  change i n  change i n  o t h e r  change i n  o t h e r  



The results of the sensitivity analysis (see Table B 3 ) ,  

indicate that changes in X and a have the greatest effect on 
j j 

x and changes in y and B 
1' j 1 j l Ion y j l0  

Further, changes in a 
j 

and y give rise to greater perturbations of the basic solution, 
j 1 

than do the same percentage changes in a and Bjl, i.e. the model 
j 

solution is more sensitive to changes in ideal levels of care, 

than to changes in the parameters respresenting the relative 

importance of achieving these ideal levels. 

The results given in the above paragraph indicate that 

greater accuracy is required in estimating the parameters 

(x,Y} than the parameters (a,B}. 



APPENDIX C: PREDICTIOid ERRORS FOR x and y 
ESTIMATED BY D R W  jk jk 

Suppose the D m 1  parameters (X,Y,a,f3) have been estimated 

from N data points, x (i) , yjkR (i). 
jk 

i=1.. .N. If D M 1  with 

this parameter set is now used to estimate x and yjkQ jk 
for 

given levels of resource RR, what confidence can be placed in 

these estimates? Can we estimate the variance of the difference 

between the prediction and an observed value? DRAM is a non- 

linear model and to produce an analytically exact solution to 

these problems would be very difficult. Instead, a simplified 

approach has been adopted. 
A h 

Let x (i) and yjkR(i) be the predicted levels using DRAM 
jk 

given the estimated parameter set (X,Y,a,f3) and resource avail- 

abilities R (i) at data point i (i=1.. .N) . R 

It will be assumed that the variance (02 ) of the pre- 
A jk 

diction x 

o m  , (&Ik ( 
i jk 

there are J 

(a similiar argument holds for - ) can be estimated jkR 
i)-x (i)) 2. What divisor should be used? Suppose 

jk 
' patient categories, K treatment modes, and L types 

of resources. DRAM predicts JK x 's and JKL y 's - in total 
jk jk 

JK (L+1) predictions. DRAM requires J (1 +k+2IZL) parameters, i . e. 

J(l+K+2KL) degrees of freedom can be considered lost. Further 

XL degrees of freedom are lost because there are L resource 

constraints at each data point. Thus the number of degrees 



of freedom considered lost per prediction is J(l+K+2KL)+NL . 
JK (L+1) 

When J=3, K=l, L=2, Y=10, this ratio is approximately 4. Thus 

4 degrees of freedom can be considered lost from z(: (i)-x (i)) 
i jk jk 

and it is assumed a could be estimated by 
jk 

This is a somewhat approximate approach and further analysis 

may prove worthwhile. 
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