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A b s t r a c t 

This r e s e a r c h d i s c u s s e s a number of computer-based mathematical 

models which are designed to a s s i s t planners to make s t r a t e g i c 

d e c i s i o n s concerning the a l l o c a t i o n s of s o c i a l s e r v i c e s r e s o u r c e s . 

A new model i s p o s t u l a t e d which uses c u r r e n t p a t t e r n s of ca r e to 

de r i v e a s e t of a l t e r n a t i v e modes or packages of c a r e , chooses 

a s u i t a b l e s e t of a l l o c a t i o n s of c l i e n t s to packages of care 

w i t h i n given r e s o u r c e c o n s t r a i n t s and can be used to explore the 

e f f e c t on resou r c e requirements of demographic changes, and to 

explore a l t e r n a t i v e ways of c a r i n g f o r c l i e n t s i f populations expand 

and/or r e s o u r c e s are reduced. Comparisons are made with the DHSS 

Balance of Care model and with other models. An e x p l o r a t i o n i s 

in c l u d e d of the weighting v a l u e s used i n the p o s t u l a t e d model's 

o b j e c t i v e f u n c t i o n . 
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CHAPTER 1 

INTRODUCTION 



I n t r o d u c t i o n 

T h i s t h e s i s i s concerned with t h e use o f mathematical 
models t o a s s i s t d e c i s i o n - m a k e r s who are planning f u t u r e 
p r o v i s i o n o f s o c i a l s e r v i c e r e s o u r c e s . The t y p e o f d e c i s i o n 
i s that made at County H a l l l e v e l and concerns planning 
w i t h i n a county r a t h e r than n a t i o n a l planning. 

Chapter 2 d i s c u s s e s the problem of planning the p r o v i s i o n 

of s o c i a l s e r v i c e s and shows how a mathematical model, 

which r e p r e s e n t s the care given to c l i e n t s i n the form of 

s o c i a l s e r v i c e s , can be used i n the planning process to 

suggest to the planners a l t e r n a t i v e yet acc e p t a b l e p a t t e r n s 

of care for changed c l i e n t populations and s p e c i f i c r e s o u r c e 

c o n s t r a i n t s . 

Chapter 3 d e s c r i b e s the data on c l i e n t s and s e r v i c e s which 

was made a v a i l a b l e by Durham County C o u n c i l and which was 

obtained from a census conducted by the Durham U n i v e r s i t y 

B u siness School (D.U.B.S.). D e t a i l s of the a n a l y s e s of the 

data are given i n Chapter 6. 

Chapter 4 d i s c u s s e s mathematical models f o r planning s o c i a l 

s e r v i c e s r e s o u r c e s . F i r s t l y , the general problem and 

techniques of m u l t i p l e - c r i t e r i a - d e c i s i o n - m a k i n g are 

di s c u s s e d , together with t h e i r a p p l i c a t i o n to the s o c i a l 

s e r v i c e s planning problem. Secondly, s e v e r a l mathematical 

models, w h i c h have been proposed t o a i d t h e planners o f s o c i a l 

s e r v i c e s , are considered. Among these a re the f i r s t Balance 



o f Care model; the DUBS goal-programming model; the 

r e v i s e d Balance o f Care model (SPRAM); a d e c i s i o n a l g o r i t h m 

model; and a model proposed w i t h i n Durham County C o u n c i l . 

Chapter 5 d i s c u s s e s t h e development o f a new model, t h e 

a u t h o r ' s l i n e a r programming model w i t h a l t e r n a t i v e modes 

of care (LPAM). I n i t i a l l y the DUBS goal-programming model 

was i n v e s t i g a t e d and a l i n e a r model was developed from t h i s . 

The l i n e a r model proved to be a form of c a p a c i t a t e d t r a n s p o r t a t i o n 

model and did not model the a c t u a l a l l o c a t i o n process, so a 

f u r t h e r development was to in c l u d e a l t e r n a t i v e modes of ca r e , 

f i x e d i n accordance with the c a r i n g p a t t e r n s i n use at the 

time of the DUBS census. D e t a i l s are given of how the model 

was developed and co n s t r u c t e d f o r a s i n g l e c l i e n t group, 

then f o r a random sample of c l i e n t s and then f o r the C h e s t e r - l e -

S t r e e t d i s t r i c t . T h i s model has a u t i l i t y f u n c t i o n which 

i n c o r p o r a t e s weights, r e p r e s e n t i n g the pr e f e r e n c e s of s o c i a l 

workers f o r c a r i n g f o r p a r t i c u l a r c a t e g o r i e s of c l i e n t s by 

p a r t i c u l a r modes of c a r e . An i n v e s t i g a t i o n of the f e a s i b i l i t y 

region f o r the val u e s of these weights i s a l s o d e s c r i b e d i n 

Chapter 5: a model was developed which r e p r e s e n t s the c o n s t r a i n t s 

upon the va l u e s of the weights. T h i s w e i g h t - c o n s t r a i n t s model 

was used to an a l y s e the s e n s i t i v i t y of the weights f o r the 

LPAM model as a p p l i e d to one c l i e n t group and as ap p l i e d 

to the C h e s t e r - l e - S t r e e t d i s t r i c t . 

Chapter 6 r e t u r n s t o a d i s c u s s i o n o f t h e c l i e n t - d a t a and 

s e r v i c e - d a t a and t h e i r a n a l y s e s . D e s c r i p t i o n s are g i v e n o f 

th e DUBS census d a t a and some i n c o n s i s t e n c i e s t h e r e i n , t h e 

summaries of c l i e n t groups and s e r v i c e usage, the a n a l y s i s 

o f a l t e r n a t i v e modes or packages o f car e i n use at t h a t t i m e , 

the c l u s t e r a n a l y s e s performed t o e s t a b l i s h a s e t o f a l t e r n a t i v e 



modes o f care f o r each c l i e n t group and f i n a l l y t h e s e l e c t i o n 

and a n a l y s i s o f the d a t a f o r C h e s t e r - l e - S t r e e t d i s t r i c t . 

Chapter 7 c o n s i d e r s some i m p l e m e n t a t i o n s o f t h e Balance o f 

Care model i n d i f f e r e n t r e g i o n s , v i z W i l t s h i r e , E a s t Sussex, 

West M i d l a n d s and Cornwall. Comparisons are made where p o s s i b l e 

between the surveys i n those regions and i n Durham. 

Chapter 8 d i s c u s s e s and comapres the use of two models (the 

DHSS/A. Anderson SPRAM model and the author's LPAM model) 

for planning f u t u r e a l l o c a t i o n s of r e s o u r c e s when there are 

changes i n demography and i n resource p r o v i s i o n . Probable 

demographic changes are d i s c u s s e d f o r the p e r i o d up to 1991 

and the r e s u l t s of applying the LPAM model to these changes 

i n C h e s t e r - l e - S t r e e t d i s t r i c t are shown. A small s e t of t e s t 

data i s used to make d e t a i l e d comparisons of the e f f e c t s of 

applying the two models under the same c o n d i t i o n s of changes 

i n demography and i n r e s o u r c e a v a i l a b i l i t y . T h i s demonstrates 

how the SPRAM model plans f u t u r e a l l o c a t i o n s which are l i t t l e 

changed from c u r r e n t a l l o c a t i o n s and how the LPAM model's 

f u t u r e a l l o c a t i o n s are o f t e n r a d i c a l l y d i f f e r e n t from the 

c u r r e n t a l l o c a t i o n s . The opportunity which t h i s l a t t e r o f f e r s 

the planners i s d i s c u s s e d . 

Chapter 9 d i s c u s s e s some l i m i t a t i o n s of the work done so f a r 

w i t h the LPAM model and c o n s i d e r s how t h i s model could be 

a p p l i e d and extended i n p r a c t i c e . Some p o s s i b l e changes i n 

c l i e n t group d e f i n i t i o n s , modes of care and s e r v i c e s p e c i f i c a t i o n s 



are d i s c u s s e d together with the p o s s i b i l i t y o f using Durham 

County C o u n c i l ' s " p r i o r i t i e s and p o i n t s " system t o determine 

the weighting values needed. 

F i n a l l y , Chapter 10 presents C o n c l u s i o n s . 

References to p u b l i c a t i o n s are l i s t e d i n a l p h a b e t i c a l order 

and are c i t e d w i t h i n the main t e x t , as are the Appendices. 

The Appendices c o n t a i n lengthy r e s u l t s or d e t a i l s of a n a l y s e s , 

c a l c u l a t i o n s and procedures. F i g u r e s contained i n the main 

t e x t are p o s i t i o n e d immediately a f t e r the r e l e v a n t s e c t i o n . 
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CHAPTER 2 

THE PROBLEM OF PLANNING THE PROVISION OF SOCIAL SERVICES 

- & 



The Problem o f P l a n n i n g t h e P r o v i s i o n o f S o c i a l S e r v i c e s 

The problem o f lo n g - r a n g e p l a n n i n g i s t o r e c o g n i s e l o n g - t e r m 

needs and t o plan t h e p r o v i s i o n o f r e s o u r c e s t o meet those 

needs. Good planning should help o r g a n i s a t i o n s t o achieve 

b e t t e r performance and to improve e f f i c i e n c y . Planning the 

p r o v i s i o n of s o c i a l s e r v i c e s r e q u i r e s c o n s i d e r a t i o n of the 

needs of i n d i v i d u a l s for s o c i a l s e r v i c e s , c o n s i d e r a t i o n of 

what should be regarded as "good performance" i n pro v i d i n g 

fo r those needs and c o n s i d e r a t i o n of how reso u r c e s can be 
7 

provided to meet those needs. T.A. Booth i n "Planning f o r 

Welfare" d i s c u s s e s the system f o r a l l o c a t i n g r e s o u r c e s to 

wel f a r e and the workings of the expenditure process through 

which c o l l e c t i v e c h o i c e s are made about the a l l o c a t i o n of 

re s o u r c e s i n the personal s o c i a l s e r v i c e s . Booth views 

the expenditure process as a h i e r a r c h y of decision-making, 

from W h i t e h a l l to County H a l l and from the Treasury to area 

s o c i a l work teams, which encompasses a l l those r a t i o n i n g 

and r e s o u r c e d e c i s i o n s which together f i n a l l y determine who 

gets how much of which r e s o u r c e s . 
25 

The DHSS i n "Care i n A c t i o n " has s a i d that s t a t u t o r y 

r e s p o n s i b i l i t y for the per s o n a l s o c i a l s e r v i c e s r e s t s with 

e l e c t e d l o c a l government. The government i n d i c a t e s broad 

n a t i o n a l p o l i c i e s , i s s u e s guidance where nec e s s a r y and has a 

general concern f o r standards. There i s o n l y a small number 

of d i r e c t c o n t r o l s and these are b e i n g reduced as a matter o f 

general government p o l i c y towards l o c a l government. 



T h i s t h e s i s i s c o n c e r n e d p r i m a r i l y w i t h t h e t y p e of d e c i s i o n 

made a t County H a i l l e v e l . I t i s c o n c e r n e d w i t h t h e b e s t 

ways o f m e e t i n g l o c a l needs f o r p e r s o n a l s o c i a l s e r v i c e s 

w h i l s t r e c o g n i s i n g t h e c o n s t r a i n t s upon p r o v i s i o n of r e s o u r c e s 

"Meeting l o c a l n e e d s " i m p l i e s t h a t needs s h o u l d be s a t i s f i e d 

but i s i n s u f f i c i e n t l y s p e c i f i c to be used as a guide to 

planning. Decomposition of t h i s goal shows that s a t i s f a c t i o n 

i s viewed d i f f e r e n t l y by the d i f f e r e n t i n d i v i d u a l s and groups 

involved. The apparent d i f f e r e n c e s may not matter i n the 

circumstances when i n f i n i t e r e s o u r c e s are a v a i l a b l e to f u l f i l 

any needs expressed or determined, but i n p r a c t i c e r e s o u r c e s 

are never i n f i n i t e : they are c o n s t r a i n e d . The c o n s t r a i n t s 

may be caused by i n s u f f i c i e n t a v a i l a b i l i t y owing to i n c o r r e c t 

p r o v i s i o n of r e s o u r c e s or, more u s u a l l y , by i n s u f f i c i e n t 

funds to provide a l l r e s o u r c e s which could be d e s i r e d . 

5 

Bevan has d i s c u s s e d the way i n which those planners a f f e c t e d 

by cuts i n r e s o u r c e s need to be able to accommodate them. 

There i s a need f o r " d e c i s i o n s robust to an u n c e r t a i n f u t u r e " 

so that a c t i o n s can be s e l e c t e d now to s a t i s f y immediate 

p r e s s u r e s f o r commitment of r e s o u r c e s , but these a c t i o n s 

n e v e r t h e l e s s should enable p r e f e r r e d longer-term s t r a t e g i e s 

to be implemented and s t i l l allow f l e x i b i l i t y of choice 
53 

between f u t u r e s t r a t e g i e s . S i r K. Sharp , w r i t i n g i n 

r e l a t i o n to the Nat i o n a l Health S e r v i c e , has s a i d that i t i s 

t h e t a s k o f t h e NHS t o u t i l i s e t h e r e s o u r c e s a t i t s d i s p o s a l 

to p r o d u c e the most " u s e f u l " o u t p u t s and t h a t d e c i s i o n s on 

r e s o u r c e a l l o c a t i o n s h o u l d be t a k e n i n t h e c o n t e x t of t h e 

s t r a t e g i c aims o f t h e s e r v i c e . 

- 8 -



I n S o c i a l S e r v i c e s the planning process i n v o l v e s the 

p r o v i s i o n and d i s p o s i t i o n of r e s o u r c e s such as s o c i a l workers, 

home-helps, r e s i d e n t i a l homes, day c e n t r e s , e t c i . e . both 

s t a f f and p h y s i c a l r e s o u r c e s or s e r v i c e s . Although the 

i n d i v i d u a l s o c i a l worker i s concerned with the p r o v i s i o n 

of r e s o u r c e s f o r the needs of each i n d i v i d u a l c l i e n t , the 

planners need to c o n s i d e r groups of c l i e n t s and types of c a r e 

r a t h e r than care f o r an i n d i v i d u a l c l i e n t . 

One a i d to planning i s to use a mathematical model which 

r e p r e s e n t s the c o n d i t i o n s being planned ( i . e . the needs of 

c l i e n t s , w i t h i n the region under c o n s i d e r a t i o n , and the 

r e s o u r c e s a v a i l a b l e c u r r e n t l y and i n f u t u r e ) and which i n c l u d e s 

some measure of performance i n r e s p e c t of meeting c l i e n t needs. 
40 

As McDonald s a y s : "A model's c o n t r i b u t i o n i s towards 

e s t i m a t i n g the r e s o u r c e s needed to achieve a d e s i r e d p o s i t i o n 

or to i n d i c a t e the l i k e l y p o s i t i o n t h a t would r e s u l t from some 

planned p r o v i s i o n of r e s o u r c e s . Whether one s i t u a t i o n i s 

b e t t e r than another i s not something a model should decide". 

The emphasis i n model-building i s thus to a s s i s t the p l a n n e r s , 

to provide a means by which they can measure the e f f e c t s of 

v a r i o u s d i f f e r e n t p o l i c i e s f o r s e r v i c e p r o v i s i o n or the 

e f f e c t s of d i f f e r e n t changes i n needs. The models d i s c u s s e d 

vary from the p u r e l y d e s c r i p t i v e type of model which 

r e p r e s e n t s what occurs under v a r i o u s c o n d i t i o n s to the 

normative type of model which recommends a s p e c i f i c course 

of a c t i o n , i . e . s p e c i f i c a l l o c a t i o n s of s e r v i c e to c l i e n t s . 
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I n each of the models d i s c u s s e d , the " c l i e n t s " are the 

p o t e n t i a l r e c e i v e r s of s o c i a l s e r v i c e s whose needs are 

as s e s s e d by s o c i a l workers. These c l i e n t s are i n d i v i d u a l 

members of the population at l a r g e , who may be, f o r example, 

e l d e r l y and i n f i r m , or c h i l d r e n at r i s k of abuse, or mentally 

i l l a d u l t s , e t c . The c l a s s i f i c a t i o n of c l i e n t s i s one aspect 
34 

of model-building and i s considered by J o l l i f f e et a l , 

who used c l u s t e r a n a l y s i s to d e r i v e c l i e n t groups f o r the 

e l d e r l y , as w e l l as by each of the model-builders whose 
49 

work i s d i s c u s s e d here. P r e n t i c e d i s c u s s e s the choice 
of c l i e n t groups f o r a s o c i a l s e r v i c e s planning system proposed 

f o r County Durham by a team from Durham U n i v e r s i t y B usiness 
43 44 

School. Nelson ' intro d u c e s the DUBS r e s e a r c h and d i s c u s s e s 

the o r g a n i s a t i o n a l context f o r planning d e c i s i o n s . 

Another aspect i s the c l a s s i f i c a t i o n of s e r v i c e s or r e s o u r c e s 

and these may c o n s i s t of, f o r example, meals-on-wheels 

d e l i v e r e d to a c l i e n t ' s home, r e s i d e n c e i n a g e r i a t r i c 

home, v i s i t s by a h e a l t h v i s i t o r , e t c . 

The present author was given a c c e s s to data on c l i e n t s 

and s e r v i c e s obtained from a census conducted by the 

Durham U n i v e r s i t y Business School (DUBS). The census 

data i s d e s c r i b e d b r i e f l y i n Chapter 3 and the author's 

a n a l y s e s of the data are d e t a i l e d i n Chapter 6. 
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Perhaps the most d i f f i c u l t aspect of modelling i n t h i s 

s i t u a t i o n i s the d e f i n i t i o n of what i s meant by "best 

s a t i s f a c t i o n of need". One approach to the planning 

problem i s to attempt to minimise the cos t o f providing 

resources t o meet recognised needs but t h i s assumes that 

c o s t m i n i m i s a t i o n i s the o b j e c t i v e and that recognised 

needs can somehow be met. I n p r a c t i c e the cos t of providing 

s e r v i c e s i s what c o n s t i t u t e s a major c o n s t r a i n t , u s u a l l y 

expressed i n some form of budget or l i m i t a t i o n on the 

q u a n t i t i e s of r e s o u r c e s a v a i l a b l e , and the o b j e c t i v e i s 

"to best s a t i s f y recognised needs" w i t h i n given c o n s t r a i n t s . 

Since the needs of the c l i e n t groups are many and v a r i o u s , 

i t i s apparent t h a t the planners have to meet m u l t i p l e 

c r i t e r i a i n order to s o l v e t h e i r problem. 

37 
Longbottom d i s c u s s e s techniques f o r resou r c e a l l o c a t i o n 

f o r p u b l i c s e r v i c e s and the use of " i n f e r r e d b e n e f i t " models 
4. 

such as that proposed i n Bayat et a l which i n c l u d e s a measure 

of e f f e c t i v e n e s s intended to provide the l i n k between c l i e n t 

needs and the a v a i l a b i l i t y of r e s o u r c e s . T h i s measure uses 

a combination of e f f e c t i v e n e s s c o e f f i c i e n t s , r e p r e s e n t i n g the 

c o n t r i b u t i o n of a p a r t i c u l a r r e s o u r c e to a p a r t i c u l a r c l i e n t 

category, and weightings, r e p r e s e n t i n g p r i o r i t i e s i n r e s p e c t 

of c a r i n g f o r d i f f e r e n t c a t e g o r i e s of c l i e n t s . 
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P r e n t i c e d i s c u s s e s some fundamental concepts of 

i n f e r r e d worth planning and Louni gives an account of 

s e v e r a l published s t u d i e s on a l l o c a t i n g care to the e l d e r l y 

and d i s c u s s e s the problems of resource a l l o c a t i o n and the 
45 

s e t t i n g of appropriate o b j e c t i v e s . Nelson and Wiper, i n 

the DUBS r e s e a r c h , chose to co n s i d e r o b j e c t i v e s i n the form 

of t a r g e t s of a l l o c a t i o n , with weightings f o r c a t e g o r i e s and 

s e r v i c e s . T h i s attempt to formulate a goal programming model 
52. 

r e f e r s to the work of Said who d i s c u s s e s a goal formulation 

model f o r p u b l i c systems which i n c o r p o r a t e s an i n t e r a c t i v e 

procedure i n c l u d i n g s o l u t i o n of a goal programming model at 

each stage. S a i d suggests that the goals themselves become 

an intermediate f a c t o r which the p o l i c y makers use to 

generate an agreeable s e t of p o l i c i e s , whether or not there 

i s an agreement on goa l s . 
Most r e s e a r c h e r s have attempted to de f i n e some form of goal, 

41 
f o r example Mooney attempts to maximise b e n e f i t by equating 

marginal s o c i a l c o s t and marginal s o c i a l b e n e f i t i n each care 
56 

l o c a t i o n ( f o r the e l d e r l y ) . Torrance et a l use m u l t i -

a t t r i b u t e u t i l i t y to measure s o c i a l p r e f e r e n c e s (of the c l i e n t ) 

f o r a system of h e a l t h s t a t e s : t h i s i s i n r e l a t i o n to c o s t -

e f f e c t i v e n e s s and benef t s of i n t e n s i v e c a r e f o r c h r o n i c a l l y 

d i s a b l e d young c h i l d r e n . George , Fox and Canvin use 

weightings i n the o b j e c t i v e f u n c t i o n of a mathematical 

programming model to f i n d the optimal throughput of h o s p i t a l 

p a t i e n t s , g i v i n g p r e f e r e n c e to the c a t e g o r i e s with higher 

urgency and g i v i n g d i f f e r e n t weightings to d i f f e r e n t diagnoses. 

The values of the weightings were s u b j e c t i v e l y decided u s i n g 

an i t e r a t i v e p rocess, but George et a l comment that i f a 

s o l u t i o n has u n d e s i r a b l e c h a r a c t e r i s t i c s because of the 
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weights used, a new s o l u t i o n can be found by a l t e r i n g the 

weights i n l i n e with the d e c i s i o n maker's judgement. 

A l g i e \ Hey and Malien d i s c u s s ranking the preferences 

of s e v e r a l d e c i s i o n makers to reach a group preference : 

they r e f e r to t h i s as "judgement a n a l y s i s " and have a p p l i e d 

i t to choose those s o c i a l s e r v i c e s which must be cut i n 

preference to o t h e r s . 

SO,*! 

Rousseau and Gibbs have used a u t i l i t y f u n c t i o n to 

r e p r e s e n t t h e i r o b j e c t i v e i n r e l a t i o n to a h o s p i t a l bed 

usage model. T h i s assumes e v e r - i n c r e a s i n g u t i l i t y w ith 

i n c r e a s e s i n admission r a t e s and with length of s t a y . 

The u t i l i t y f u n c t i o n i s s i m i l a r i n concept to that of 
40 15 McDonald as extended by Coverdale and Negrine for the 

Balance of Care p r o j e c t . T h i s i s d i s c u s s e d f u r t h e r i n S e c t i o n 
2 

4.2. Aspden , Mayhew and Rusnak d e s c r i b e d a s i m i l a r u t i l i t y 

f u n c t i o n f o r a model of h e a l t h c a r e r e s o u r c e a l l o c a t i o n i n 

C z e c h o s l o v a k i a . T h i s assumes e v e r - i n c r e a s i n g u t i l i t y 

with i n c r e a s e s i n the numbers of c l i e n t s r e c e i v i n g 

r e s o u r c e s . 

The general problem of m u l t i p l e - c r i t e r i a - d e c i s i o n - m a k i n g i s 

d i s c u s s e d i n the i n t r o d u c t o r y paragraphs of Chapter 4. 

Subsequent paragraphs d e s c r i b e a number of mathematical 

models which have attempted to a s s i s t the planners i n the 

p a r t i c u l a r problem of m u l t i p l e - c r i t e r i a - d e c i s i o n - m a k i n g i n 

the planning of s o c i a l s e r v i c e s r e s o u r c e s . 

Before t h i s , however, Chapter 3 s e t s the scene f o r the 

s p e c i f i c problem of planning s o c i a l s e r v i c e s r e s o u r c e s 

i n County Durham, by d e s c r i b i n g the data a v a i l a b l e on 

c l i e n t s and s e r v i c e s . 



CHAPTER 3 

THE DURHAM UNIVERSITY BUSINESS SCHOOL (D.U.B.S.) CENSUS 
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3. The Durham U n i v e r s i t y Business School (D.U.B.S,) Census 

3.1 I n t r o d u c t i o n 

A r e s e a r c h team at Durham U n i v e r s i t y Business School 

(D.U.B.S.) had produced a s e t of papers "Design f o r 

a S o c i a l S e r v i c e s Planning System", ed i t e d by 
43 

E.G. Nelson . These d e s c r i b e a p r o j e c t sponsored 

j o i n t l y by D.U.B.S. and Durham County C o u n c i l (D.C.C.) 

S o c i a l S e r v i c e s Department. One of the papers, 

"Model f o r a 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 a i d " , 

by L. Wiper d e s c r i b e s a goal-programming model 

proposed f o r planning purposes. Another," Developmental 

re c o r d of S o c i a l S e r v i c e s c l i e n t grouping", by R.C. 

P r e n t i c e d i s c u s s e s the choice of c l i e n t groups and 

s e r v i c e s f o r planning purposes i n D.C.C. 

The 45 c l i e n t groups and 99 s e r v i c e s chosen by P r e n t i c e 

were subsequently used by the D.U.B.S. team to prepare 

a q u e s t i o n n a i r e or census form f o r completion by 

s o c i a l workers i n D.C.C. The completed q u e s t i o n n a i r e s 

provided a census of the c l i e n t population of D.C.C., 

with the exception of one d i s t r i c t o f f i c e , L a n c h e s t e r . 

For each c l i e n t , data was recorded at a s i n g l e point 

i n time i n 1977 w i t h the i n t e n t i o n of showing a d i s t r i b u t i o n 

of s e r v i c e s i n use and some i n d i c a t i o n of the 

u n s a t i s f i e d demand as expressed by s o c i a l workers. Data 

was recorded f o r 8216 c l i e n t s . Each case has a d i f f e r e n t 

l i f e so the census does not show an annual d i s t r i b u t i o n 

nor a demand i n t o t a l u n i t s of s e r v i c e . T h i s information 

would be a n e c e s s a r y input to a planning model and 

could be obtained by applying m u l t i p l i e r s to s e r v i c e 

p r o f i l e s based on annual throughputs of c l i e n t types. 
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The census data was sto r e d on a magnetic tape f i l e and 

v a r i o u s a n a l y s e s were performed as d e s c r i b e d i n 

another of the D.U.B.S. papers, "Census design and 

A n a l y s i s f o r s o c i a l s e r v i c e s planning and resource 

a l l o c a t i o n " , by M. Wheatley. 

That magnetic tape f i l e of the 1977 census provided 

the raw data to be used i n the author's r e s e a r c h . 
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3.2 The C l a s s i f i c a t i o n of S e r v i c e s and C l i e n t s 

3.2.1 The Complete Data 

The raw data from the 1977 census (the "Cendat" 

data) c o n t a i n s 8216 c l i e n t r e c o r d s , for each of which 

i s recorded 

a c l i e n t number 

a code for age group 

a code f o r sex 

- a c l i e n t group number 

a l i s t of up to ten codes f o r the a c t u a l 
s e r v i c e s r e c e i v e d at that time 

a l i s t of up to s i x codes f o r the a d d i t i o n a l 
s e r v i c e s d e s i r e d by the s o c i a l worker f o r the 
c l i e n t 

a l i s t of up to e i g h t codes f o r the a l t e r n a t i v e 
s e r v i c e s which could be s u p p l i e d , i f the 
a c t u a l s e r v i c e s were no longer a v a i l a b l e 

f u r t h e r comments 

Appendix 1 c o n t a i n s a l i s t of the c l i e n t groups and 

corresponding group numbers. 

Appendix 2 c o n t a i n s a l i s t of the s e r v i c e s a v a i l a b l e 

and corresponding s e r v i c e code numbers. 

The raw data was found to c o n t a i n a number of i n t e r n a l 

i n c o n s i s t e n c i e s : the e l i m i n a t i o n of these, the 

use of the data to produce c l i e n t / s e r v i c e a n a l y s i s , 

the subsequent r e d u c t i o n of the number of c l i e n t 

groups and s e r v i c e s i s d i s c u s s e d i n Chapter 6. The 

number of c l i e n t groups was reduced by the present 

author from 45 to 35 and the number of s e r v i c e s was 

reduced from 99 to 45. T h i s was achieved by 

e l i m i n a t i n g those groups which had very s m a l l 

f r e q u e n c i e s of occurrence and i n c l u d i n g c l i e n t s 

from those groups i n other appropriate c l i e n t 
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groups. S i m i l a r l y , s e r v i c e s which had very small 

f r e q u e n c i e s of o c c u r r e n c e were e l i m i n a t e d and an 

a l t e r n a t i v e s e r v i c e was s u b s t i t u t e d . I n e f f e c t , 

the s e r v i c e number of the a l t e r n a t i v e s e r v i c e became 

a code to designate a r e s o u r c e requirement for that 

s e r v i c e or f o r the one e l i m i n a t e d . 

The r e s u l t i n g data c o n s i s t e d of 8125 c l i e n t records 

belonging to 35 c l i e n t groups and r e c e i v i n g s e r v i c e s 

of 45 d i f f e r e n t types. 

Appendix 3 c o n t a i n s the r e v i s e d l i s t of 35 c l i e n t 

groups. 

Appendix 4 c o n t a i n s the r e v i s e d l i s t of 45 s e r v i c e 

codes. 

Appendix 5 c o n t a i n s the complete a n a l y s i s of numbers 

of c l i e n t s i n each of 35 groups r e c e i v i n g each of 

45 s e r v i c e s . 

3.2.2 C h e s t e r - l e - S t r e e t d i s t r i c t 

As i s d e s c r i b e d i n Chapter 6, the d i s t r i c t of 

C h e s t e r - l e - S t r e e t was chosen for f u r t h e r a n a l y s i s . 

Appendix 10 c o n t a i n s the complete a n a l y s i s for 

C h e s t e r - l e - S t r e e t of numbers of c l i e n t s i n each 

of 35 groups r e c e i v i n g each of 45 s e r v i c e s . 
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CHAPTER 4 

MATHEMATICAL MODELS FOR PLANNING SOCIAL SERVICES RESOURCES 
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4. Mathematical Models f o r P l a n n i n g S o c i a l S e r v i c e s R e s o u r c e s 

4.1 I n t r o d u c t i o n 

4.1.1 The G e n e r a l P r o b l e m o f M u l t i p l e - C r i t e r i a -

Decision-Making 

I n the study of d e c i s i o n making, the terms " m u l t i p l e 

c r i t e r i a " , " m u l t i p l e o b j e c t i v e " and " m u l t i p l e 

a t t r i b u t e " are f r e q u e n t l y used to d e s c r i b e d e c i s i o n 
39 

s i t u a t i o n s . K.R. Mac-Crimmon i n An o v e r v i e w o f 

m u l t i p l e o b j e c t i v e d e c i s i o n making" (1973) d i s t i n g u i s h e s 

between these terms as f o l l o w s : 

( i ) M u l t i p l e a t t r i b u t e d e c i s i o n problems deal 

with choosing among a s e t o f a l t e r n a t i v e s which a r e 

de s c r i b e d i n terms of t h e i r a t t r i b u t e s . ( " A t t r i b u t e s " 

may be termed c h a r a c t e r i s t i c s , a s p e c t s , f a c t o r s , 

performance parameters, components, e t c . ) An a t t r i b u t e 

could be, f o r example, c o s t , s i z e , or f u e l economy. 

Most of the techniques f o r d e a l i n g with m u l t i p l e 

a t t r i b u t e s r e q u i r e information about: 

the decision-maker's preference amongst v a l u e s 

of a given a t t r i b u t e (e.g. how much does he 

p r e f e r 5 mpg f u e l s a v i n g to 2 mpg f u e l s a v i n g ) ; 

the decision-maker's preference a c r o s s 

a t t r i b u t e s (e.g. how much more important i s 

cost than engine s i z e ) . 

M u l t i p l e a t t r i b u t e techniques e i t h e r d i r e c t l y ask the 

d e c i s i o n maker for an assessment of the s t r e n g t h s of 

these p r e f e r e n c e s or they i n f e r them from h i s past 

c h o i c e s . 
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( i i ) M u l t i p l e o b j e c t i v e d e c i s i o n models 

rec o g n i s e that a t t r i b u t e s of a l t e r n a t i v e s are oft e n 

j u s t means to higher ends ( i . e . the d e c i s i o n maker's 

o b j e c t i v e s ) . Techniques i n t h i s case r e q u i r e : 

preference information about the 

decision-maker's o b j e c t i v e s ; 

information about the r e l a t i o n s h i p between 

o b j e c t i v e s and a t t r i b u t e s . 

P r e f e r e n c e s among a t t r i b u t e s are thus derived from 

the p r e f e r e n c e s among o b j e c t i v e s and the f u n c t i o n s 

r e l a t i n g a t t r i b u t e s to o b j e c t i v e s . In m u l t i p l e 

o b j e c t i v e models an a l t e r n a t i v e can be described 

e i t h e r i n terms of i t s a t t r i b u t e s or i n terms of 

the extent to which i t achieves the o b j e c t i v e s of 

the decision-maker. 

MacCrimmon thus shows th a t m u l t i p l e o b j e c t i v e d e c i s i o n 

techniques e x p l i c i t l y t r e a t the means-ends r e l a t i o n s h i p 

and are more complex than m u l t i p l e a t t r i b u t e models. 

MacCrimmon suggests t h a t m u l t i p l e - c r i t e r i a i s a term 

a p p l i e d most commonly to d e c i s i o n s which i n v o l v e both 

m u l t i p l e a t t r i b u t e s and m u l t i p l e o b j e c t i v e s although 

i t can be used f o r d e c i s i o n s i n v o l v i n g e i t h e r the one 

or the other. The d e c i s i o n maker may s e t up c r i t e r i a 

d i r e c t l y r e l a t e d to attainment of o b j e c t i v e s or to 

r e q u i r e d a t t r i b u t e l e v e l s . Despite t h i s , MacCrimmon 

chooses to use the term m u l t i p l e o b j e c t i v e i n general 

s i n c e i t encompasses m u l t i p l e a t t r i b u t e s as w e l l . 
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M.K. S t a r r and M. Zeleny i n "MCDM-State and 

fu t u r e of the a r t s " (1977) d i s c u s s the b a s i c 

concepts and n o t a t i o n of m u l t i p l e c r i t e r i a 

decision-making as f o l l o w s : 

They define a s e t of p o t e n t i a l or f e a s i b l e 

a l t e r n a t i v e s from which a s e l e c t i o n of one or more 

a l t e r n a t i v e s i s to be made or t h e i r ranking performed 

with r e s p e c t to given c r i t e r i a . 

Each a l t e r n a t i v e can be c h a r a c t e r i s e d by a number 

of a t t r i b u t e s . At any given time the decision-maker 

c o n s i d e r s a f i n i t e subset of s a l i e n t a t t r i b u t e s 

which are scored (measured or a s s e s s e d ) for each 

a l t e r n a t i v e . 

The a t t r i b u t e s are viewed as means o r information 

sources a v a i l a b l e to the decision-maker for fo r m u l a t i n g 

and a c h i e v i n g h i s o b j e c t i v e s . These o b j e c t i v e s are 

c l o s e l y i d e n t i f i a b l e with the decision-maker's values 

and needs : w h i l s t not being the a c t u a l a t t r i b u t e s they 

can be viewed as f u n c t i o n a l l y r e l a t e d to or d e r i v e d 

from some of the a t t r i b u t e s . 

S t a r r and Zeleny suggest that the main reasons f o r the 

d i s t i n c t i o n between a t t r i b u t e s and o b j e c t i v e a r e : 

(a) a t t r i b u t e s are g e n e r a l l y n u m e r i c a l l y 

measurable while o b j e c t i v e s are very 

d i f f i c u l t to a s s e s s by numbers; 

(b) t r a d e - o f f s between a t t r i b u t e l e v e l s can 

be more c l e a r l y defined on a t t r i b u t e s , 

w hile i n connection w i t h o b j e c t i v e s the 

very concept of a t r a d e - o f f i s fuzzy; 



( c ) a t t r i b u t e s are more e a s i l y c h a r a c t e r i s e d 

through u t i l i t i e s while o b j e c t i v e s may 

r e q u i r e fuzzy l i n g u i s t i c l a b e l s i n s t e a d . 

In r e a l i t y , however, both the a t t r i b u t e s and the 

o b j e c t i v e s are often involved i n a mixed f a s h i o n , 

so both c a t e g o r i e s are grouped together as " c r i t e r i a " . 

C r i t e r i a are then both the a t t r i b u t e s and the o b j e c t i v e s 

judged to be s a l i e n t i n a given d e c i s i o n s i t u a t i o n . 

There i s c l e a r l y no u n i v e r s a l agreement on the 

terminology used. I t seems however that " m u l t i p l e -

c r i t e r i a " i s a term which a p p l i e s to d e c i s i o n s 

i n v o l v i n g both m u l t i p l e a t t r i b u t e s and m u l t i p l e 

o b j e c t i v e s and thus may be used as a general 

d e s c r i p t o r . 
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4.1.2 T e c h n i q u e s f o r M u l t i p l e - C r i t e r i a - D e c i s i o n -

Making 

MacCrimmon g r o u p s t h e r e l e v a n t t e c h n i q u e s i n t o 

f o u r main c a t e g o r i e s of methods: 

( i ) W e i g h t i n g ; 

( i i ) S e q u e n t i a l e l i m i n a t i o n ; 

( i i i ) M a t h e m a t i c a l programming; 

( i v ) S p a t i a l p r o x i m i t y . 

( i ) W e i g h t i n g Methods 

W e i g h t i n g methods have been a p p l i e d w i d e l y . MacCrimmon 

s u g g e s t s t h a t a l t h o u g h t h e methods seem v e r y d i v e r s e , 

t h e y a l l have t h e f o l l o w i n g c h a r a c t e r i s t i c s : 

a s e t o f a v a i l a b l e a l t e r n a t i v e s w i t h s p e c i f i e d 

a t t r i b u t e s and a t t r i b u t e v a l u e s ; 

a p r o c e s s c o m p a r i n g a t t r i b u t e s by o b t a i n i n g 

n u m e r i c a l s c a l i n g s o f a t t r i b u t e v a l u e s and 

n u m e r i c a l w e i g h t s a c r o s s a t t r i b u t e s ; 

a w e l l - s p e c i f i e d o b j e c t i v e f u n c t i o n f o r 

a g g r e g a t i n g t h e p r e f e r e n c e i n t o a s i n g l e 

number f o r e a c h a l t e r n a t i v e ; 

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

t h e a l t e r n a t i v e s on t h e b a s i s o f t h e h i g h e s t 

w e i g h t ) . 

MacCrimmon i d e n t i f i e s t h r e e main s u b - c a t e g o r i e s , 

d i s t i n g u i s h e d by t h e d i f f e r e n t b a s e s f o r p r e f e r e n c e 

a t t a i n m e n t and d i f f e r e n t a g g r e g a t i o n p r o c e s s e s . The 

s u b - c a t e g o r i e s a r e where t h e p r e f e r e n c e s o f t h e 

d e c i s i o n - m a k e r a r e : 

( a ) I n f e r r e d from p a s t c h o i c e s r a t h e r t h a n 

b e i n g o b t a i n e d by d i r e c t q u e r y and a r e 
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i n p u t s t o a g e n e r a l l i n e a r s t a t i s t i c a l 

model; 

(b) O b t a i n e d by d i r e c t q u e s t i o n i n g and a r e 

a g g r e g a t e d a d d i t i v e l y a c r o s s a l l t h e 

a t t r i b u t e s ; 

( c ) O b t a i n e d by d i r e c t q u e s t i o n i n g and 

s p e c i f i c a t t r i b u t e s a r e t a k e n t o r e p r e s e n t 

t h e whole a l t e r n a t i v e . 

( i i ) S e q u e n t i a l E l i m i n a t i o n 

S e q u e n t i a l e l i m i n a t i o n methods, s a y s MacCrinunon, 

a r e l e s s demanding o f t h e d e c i s i o n maker t h a n 

w e i g h t i n g methods. T h e s e methods a r e c h a r a c t e r i s e d 

by: 

a s e t o f a v a i l a b l e a l t e r n a t i v e s w i t h 

s p e c i f i e d a t t r i b u t e s adn a t t r i b u t e 

v a l u e s ; 

s c a l i n g s o f a t t r i b u t e v a l u e s ( i n t r a -

a t t r i b u t e p r e f e r e n c e s ) ; 

a s e t o f c o n s t r a i n t s a c r o s s a t t r i b u t e s ; 

a p r o c e s s f o r s e q u e n t i a l l y c o m p a r i n g 

a l t e r n a t i v e s on t h e b a s i s o f a t t r i b u t e 

v a l u e s so t h a t a l t e r n a t i v e s c a n be e i t h e r 

e l i m i n a t e d o r r e t a i n e d . 

A g a i n t h r e e main s u b - c a t e g o r i e s a r e i d e n t i f i e d , 

d i s t i n g u i s h e d by t h e e n t i t i e s t h e y compare and t h e 

p r o c e s s e s u s e d f o r c o m p a r i s o n . 
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The c o m p a r i s o n s a r e : 

( a ) A c r o s s a t t r i b u t e s f o r a g i v e n a i t e r n a t i v e , 

i . e . c o m p a r i n g t h e a t t r i b u t e s of t h e g i v e n 

a l t e r n a t i v e w i t h t h e a t t r i b u t e s o f a 

s t a n d a r d ; 

( b ) A c r o s s a t t r i b u t e s f o r two a l t e r n a t i v e s , 

i . e . c o m p a r i n g t h e a t t r i b u t e s o f one 

a l t e r n a t i v e a g a i n s t t h e a t t r i b u t e s of t h e 

o t h e r ; 

( c ) A c r o s s a l t e r n a t i v e s f o r a s i n g l e a t t r i b u t e , 

i . e . c o m p a r i n g t h e a t t r i b u t e v a l u e o f a l l 

a l t e r n a t i v e s . 

( i i i ) M a t h e m a t i c a l Programming 

T h e s e methods have t h e f o l l o w i n g c h a r a c t e r i s t i c s : 

an i n f i n i t e ( o r v e r y l a r g e ) s e t o f 

a l t e r n a t i v e s w h i c h a r e i n f e r a b l e from a 

s e t d e s c r i p t i o n ( i . e . c o n s t r a i n t s 

s p e c i f i e d on t h e a t t r i b u t e v a l u e s ) . 

a s e t o f t e c h n o l g i c a l o r p e r h a p s 

p r e f e r e n c e c o n s t r a i n t s ; 

an o b j e c t i v e f u n c t i o n ; 

an a l g o r i t h m t o g e n e r a t e more p r e f e r r e d 

p o i n t s i n o r d e r t o c o n v e r g e t o an optimum. 

T h r e e methods o f m a t h e m a t i c a l programming a r e 

d e s c r i b e d by MacCrimmon. T h e s e a r e : 

( a ) L i n e a r Programming. The p u r p o s e i s t o d e s i g n 

t h e o p t i m a l a l t e r n a t i v e by p u t t i n g t o g e t h e r 

t h e b e s t c o m b i n a t i o n o f a t t r i b u t e v a l u e s . 

( b ) G o a l Programming. H e r e t h e d e c i s i o n - m a k e r 



s p e c i f i e s a c c e p t a b l e o r d e s i r e d l e v e l s 

of s i n g l e at t r i b u t e v a l u e s o r o f 

c o m b i n a t i o n s o f a t t r i b u t e s and t h e s e 

s e r v e a s t h e p r i m a r y g o a l s . M i n i m i s a t i o n 

o f t h e d e v i a t i o n s away from t h e s e g o a l 

l e v e l s becomes t h e o b j e c t i v e . I t i s 

n e c e s s a r y to s c a l e t h e d e c i s i o n - m a k e r ' s 

" p r e f e r e n c e s " f o r d e v i a t i o n s i n e a c h 

d i r e c t i o n from t h e s e g o a l l e v e l s . The 

g o a l d e v i a t i o n s a r e combined t o form a 

g l o b a l o b j e c t i v e , 

( c ) I n t e r a c t i v e , M u l t i - c r i t e r i o n Programming. 

Here t h e d e c i s i o n - m a k e r i s r e q u i r e d to p r o v i d e 

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

o f a f e a s i b l e a l t e r n a t i v e . T h e s e t r a d e - o f f s 

(on t h e a t t r i b u t e s o r c r i t e r i o n i n v o l v i n g 

a t t r i b u t e s ) a r e u s e d i n a l o c a l o b j e c t i v e 

f u n c t i o n f o r a m a t h e m a t i c a l programming 

a l g o r i t h m t o g e n e r a t e an o p t i m a l s o l u t i o n f o r 

t h a t o b j e c t i v e . The d e c i s i o n - m a k e r t h e n h a s 

an o p p o r t u n i t y t o p r o v i d e new t r a d e - o f f s w h i c h 

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

p r o c e s s c o n t i n u e s u n t i l t h e d e c i s i o n - m a k e r no 

l o n g e r w i s h e s t o r e v i s e h i s t r a d e - o f f s and s o 

an o p t i m a l s o l u t i o n i s r e a c h e d . 

( i v ) S p a t i a l P r o x i m i t y Methods 

T h e s e a r e more s p e c i a l i s e d methods making e x p l i c i t u s e o f 

s p a t i a l r e p r e s e n t a t i o n s . They a r e c h a r a c t e r i s e d by t h e 

f o l l o w i n g : 
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a s e t of i d e n t i f i e d a l t e r n a t i v e s , i n 

some c a s e s w i t h vague a t t r i b u t e v a l u e s ; 

a p r o c e s s f o r o b t a i n i n g i n t r a - and 

i n t e r - a t t r i b u t e j u d g e m e n t s ; 

t h e c o n s t r u c t i o n o f a s p a t i a l 

r e p r e s e n t a t i o n ; 

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

and t h e c h o i c e r u l e b a s e d on t h e p r o x i m i t y 

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

MacCrimmon d e s c r i b e s t h r e e o f t h e s e methods: 

( a ) I n d i f f e r e n c e Map. Here t h e d e c i s i o n - m a k e r ' s 

p r e f e r e n c e s c a n be o b t a i n e d i n t h e form o f 

i n d i f f e r e n c e s u r f a c e s w h i c h show t h e 

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

e q u a l l y p r e f e r r e d . T h i s method i s a more 

e x p l i c i t g r a p h i c a l form o f t h e t r a d e - o f f 

a p p r o a c h . 

( b ) M u l t i - d i m e n s i o n a l S c a l i n g w i t h I d e a l P o i n t s . 

H ere t h e d e c i s i o n - m a k e r ' s o r d e r i n g s o f t h e 

p r o x i m i t i e s o f p a i r s o f a l t e r n a t i v e s c a n be 

u s e d t o c o n s t r u c t a m u l t i - d i m e n s i o n a l s p a t i a l 

r e p r e s e n t a t i o n . The d e c i s i o n - m a k e r i s a s k e d 

to l o c a t e h i s i d e a l a l t e r n a t i v e i n t h i s s p a c e 

and t h e n t h e d i s t a n c e from t h e i d e a l p o i n t i s 

m e a s u r e d i n o r d e r t o r a n k t h e a l t e r n a t i v e s . 

( c ) G r a p h i c a l O v e r l a y s . T h i s method c a n be u s e d 

where t h e a t t r i b u t e s have some o b v i o u s 

d i a g r a m m a t i c i n t e r p r e t a t i o n . E a c h o f a number 

of t r a n s p a r e n t s h e e t s c a n be u s e d t o r e f l e c t 

t h e d e s i r e d way t o a t t a i n a p a r t i c u l a r o b j e c t i v e 
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and t h e y a r e t h e n o v e r l a i d one on a n o t h e r 

u n t i l a l l o b j e c t i v e s have been i n c o r p o r a t e d 

i n t o one v i s u a l a g g r e g a t i o n . The o b j e c t i v e s 

need to be formed i n t o s u b s e t s so t h a t 

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

r e s o l v e d , t h e n t h e o b j e c t i v e s a r e a g g r e g a t e d 

i n t u r n , f i n a l l y p r o d u c i n g a c o n s o l i d a t e d 

c h o i c e . 
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4.1.3 The a p p l i c a t i o n of m u l t i p l e - c r i t e r i a 

t e c h n i q u e s to t h e p r o b l e m of p l a n n i n g 

s o c i a l s e r v i c e s r e s o u r c e s 

From t h e p r e c e d i n g p a r a g r a p h s i t c a n be 

s e e n t h a t many methods a r e a v a i l a b l e to 

a p p r o a c h d e c i s i o n s i n v o l v i n g m u l t i p l e 

c r i t e r i a . I n r e l a t i o n to t h e p r o b l e m of 

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

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

e x i s t , i . e . t h a t t h e a l t e r n a t i v e means o f 

p r o v i d i n g s o c i a l s e r v i c e s to c l i e n t s i n c l u d e 

d i f f e r e n t v a l u e s o f d i f f e r e n t a t t r i b u t e s , namely 

th e amounts o f e a c h s e p a r a t e s e r v i c e w h i c h a r e 

a l l o c a t e d to t h e c l i e n t s i n t h e v a r i o u s c l i e n t 

g r o u p s . S e c o n d l y , i t i s r e c o g n i s e d t h a t 

m u l t i p l e o b j e c t i v e s e x i s t , i . e . t h e d e c i s i o n ­

maker h a s p r e f e r e n c e s r e l a t i n g to t h e means o f 

p r o v i d i n g r e s o u r c e s to d i f f e r e n t c l i e n t g r o u p s . 

The p r e f e r e n c e s may r e f e r to t h e p r e f e r e n c e to 

t r e a t a g r e a t e r p r o p o r t i o n o f one c l i e n t group 

r a t h e r t h a n a n o t h e r , o r t h e p r e f e r e n c e t o t r e a t 

one c l i e n t group i n a p a r t i c u l a r f a s h i o n . 

The d e v elopment o f m a t h e m a t i c a l models t o a i d 

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

c o n t i n u i n g a r e a o f s t u d y ( s e e B o l d y ) . S e v e r a l 

models have been p r o p o s e d and t h e l a t e r s e c t i o n s 

of t h i s C h a p t e r d i s c u s s some o f t h e s e , r a n g i n g 

from t h e c o m p a r a t i v e l y s i m p l e d e c i s i o n a l g o r i t h m 

d i s c u s s e d i n s e c t i o n 4.5 to t h e much more complex 

B a l a n c e o f C a r e model d i s c u s s e d i n s e c t i o n 4.2. 
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When t h e a u t h o r began t h i s r e s e a r c h , t h e r e 

were two p a r t i c u l a r models o f i n t e r e s t : t h e 

DHSS B a l a n c e of C a r e model d e s c r i b e d by 

40 
McDonald e t a l ( 1 9 7 4 ) and t h e D.U.B.S. 

uo 

g o a l programming model p o s t u l a t e d by Wiper 

( 1 9 7 8 ) . ( S e e N e l s o n ; Volume 3 , 1 ) , T h e s e 

a r e d e s c r i b e d i n S e c t i o n s 4.2 and 4.3 

r e s p e c t i v e l y . 

McDonald's B a l a n c e - o f - C a r e model began l i f e 

a s a l i n e a r programming model w h i c h m i n i m i s e d 

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

a c c e p t a b l e modes o r p a c k a g e s o f c a r e were 

d e f i n e d by c o n s u l t i n g g r oups of p r o f e s s i o n a l 

w o r k e r s and a d m i n i s t r a t o r s . Thus t h e 

a l t e r n a t i v e s were o b t a i n e d by d i r e c t q u e s t i o n i n g . 

E v o l u t i o n o f McDonald's model l e d t o h i s 

r e - d e f i n i t i o n o f t h e o b j e c t i v e f u n c t i o n t o an 

" i n f e r r e d w o r t h " f u n c t i o n , i n w h i c h t h e d a t a 

a r e i n f e r r e d from i n f o r m a t i o n about what 

a c t u a l l y happens r a t h e r t h a n what ought t o 

happen. I n s t e a d o f a c o n s t r a i n t s t a t i n g t h a t 

some number o f c l i e n t s must be t r e a t e d , t h e r e 

i s an i n c e n t i v e c o n t r i b u t i o n t o t h e i n f e r r e d 

w o r t h f u n c t i o n w h i c h p r o v i d e s an i n c e n t i v e 

t o t r e a t t h i s number o f c l i e n t s . 

IS" 

C o v e r d a l e and N e g r i n e u s e d McDonald s model 

( a s d e s c r i b e d i n S e c t i o n 4.2.7) but found t h a t 

i t was d i f f i c u l t t o c a l i b r a t e t h e p a r a m e t e r s 

i n t h e i n f e r r e d w o r t h f u n c t i o n . T h e i r v e r s i o n 
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o f t h e model d e s c r i b e s t h e p r o v i s i o n of 

c a r e i n terms o f c o v e r a g e , modal b a l a n c e and 

q u o t a s . C o v e r a g e i s t h e r a t i o o f t h e number of 

c l i e n t s r e c e i v i n g c a r e t o t h e number of p o t e n t i a l 

c l i e n t s i n a group. Modal b a l a n c e c o n s i s t s o f 

th e numbers o f c l i e n t s i n a group r e c e i v i n g 

e a c h o f t h e a l t e r n a t i v e modes o r p a c k a g e s of 

c a r e w h i c h c o u l d be a l l o c a t e d t o c l i e n t s i n t h a t 

group. Quota i s t h e r a t i o o f t h e a l l o c a t i o n of 

a p a r t i c u l a r r e d u c i b l e s e r v i c e t o t h a t w h i c h 

would be r e q u i r e d i f d e s i r a b l e l e v e l s o f s e r v i c e 

were t o be r e a c h e d ( f o r t h a t p a r t i c u l a r modal 

b a l a n c e ) . 

The D.U.B.S. g o a l - p r o g r a m m i n g model d e s c r i b e d i n 

S e c t i o n 4.3 i s a model w h i c h u s e s i d e a l l e v e l s 

o f s e r v i c e a s t a r g e t s o r g o a l s . T a r g e t l e v e l s o f 

s e r v i c e a r e s e t f o r e a c h c l i e n t group and " d i s t a n c e 

from t a r g e t " i s m i n i m i s e d . S i n c e t h e D.U.B.S. 

g o a l - p r o g r a m m i n g model had been p o s t u l a t e d w i t h 

t h e i n t e n t i o n o f u s i n g t h e D.U.B.S. c e n s u s d a t a 

t o p r o v i d e d a t a f o r t h e model, but i n f a c t no 

model had been c o n s t r u c t e d , t h e p r e s e n t a u t h o r 

began by c o n s i d e r i n g s u c h a model. The f i r s t 

s e c t i o n o f C h a p t e r 5 d e s c r i b e s t h e a u t h o r ' s 

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

l a t e r s e c t i o n s show t h e f u r t h e r d e v elopment t o 

i n c l u d e a l t e r n a t i v e modes o f c a r e . 
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The D.H.S.S. ^ ( 1 9 8 1 ) had mea n w h i l e 

d e v e l o p e d a n o t h e r model. The new model was 

b a s e d c o n c e p t u a l l y on t h e B a l a n c e of C a r e model 

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

a v a i l a b i l i t y w i t h t h e c l i e n t n e e d s , but i t was 

not b a s e d on t h e m a t h e m a t i c a l model p r o p o s e d by 

McDonald. I n s t e a d i t u s e d SPRAM ( S i m p l e 

P r o p o r t i o n a l R e s o u r c e A l l o c a t i o n M o d e l ) . T h i s 

model was d e v e l o p e d by A r t h u r A n d e r s e n & Co. i n 

a s s o c i a t i o n w i t h t h e D.H.S.S. and i s d e s c r i b e d 

i n S e c t i o n 4.4 I m p l e m e n t a t i o n of t h i s model 

h a s t a k e n p l a c e i n s e v e r a l d i f f e r e n t g e o g r a p h i c a l 

a r e a s , i n e a c h c a s e b a s e d c o n c e p t u a l l y on t h e 

D.H.S.S. model but v a r y i n g i n t h e t y p e o f 

a n a l y s i s u n d e r t a k e n . Some r e s u l t s o f t h e s e 

i m p l e m e n t a t i o n s have been made a v a i l a b l e t o t h e 

a u t h o r and t h e s e a r e d i s c u s s e d i n C h a p t e r 7 where 

c o m p a r i s o n s have been made w i t h t h e d a t a f o r 

County Durham. 

The D.H.S.S. SPRAM model d e s c r i b e d i n S e c t i o n 4.4 

i s n o t a m a t h e m a t i c a l programming model. I n s t e a d 

a form o f w e i g h t i n g method i s u s e d where p r e f e r e n c e s 

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

c l i e n t s t o modes o f c a r e , i n i t i a l a l l o c a t i o n s 

b e i n g t o t h e same modes o f c a r e a s p r e v i o u s l y , 

and 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 i n s i m p l e 

p r o p o r t i o n t o t h e e x i s t i n g a l l o c a t i o n , a c c o r d i n g 

t o t h e amounts o f e a c h r e s o u r c e a v a i l a b l e . A 

form o f s e q u e n t i a l e l i m i n a t i o n p r o c e d u r e i s a l s o 

p r o p o s e d , t o t a k e i n t o a c c o u n t t h e change i n 
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r e s o u r c e r e q u i r e m e n t s due to " s a t u r a t i o n 

e f f e c t s " . T h i s i s not s e q u e n t i a l e l i m i n a t i o n 

3") 

of t h e k i n d d e s c r i b e d by MacCrimmon but a 

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

a l l o c a t e s t h e whole of one s e t o f r e s o u r c e s t o 

c l i e n t s , t h e n e l i m i n a t e s t h i s s e t from f u r t h e r 

c o n s i d e r a t i o n and moves on t o a n o t h e r s e t of 

r e s o u r c e s t o be a l l o c a t e d . 

The i m p l e m e n t a t i o n o f t h e B a l a n c e o f C a r e model 

a t C a l d e r d a l e i s d e s c r i b e d i n S e c t i o n 4.5. T h i s 

i m p l e m e n t a t i o n i s d i s t i n c t i v e from i m p l e m e n t a t i o n s 

i n o t h e r r e g i o n s ( w h i c h a r e d i s c u s s e d i n 

C h a p t e r 7) i n t h e way t h a t t h e a l l o c a t i o n model 

has been s i m p l i f i e d t o a s t r a i g h t f o r w a r d d e c i s i o n 

a l g o r i t h m . C o m p a r i n g t h i s a l g o r i t h m w i t h t h e 

MacCrimmon c l a s s i f i c a t i o n of methods, t h i s 

a l g o r i t h m u s e s a s e t of modes o f c a r e o b t a i n e d 

by d i r e c t q u e s t i o n i n g o f t h e p r o f e s s i o n a l w o r k e r s , 

t h u s a form of w e i g h t i n g o r p r i o r i t i e s i s 

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

i s u s e d t o e l i m i n a t e c e r t a i n modes o f c a r e from 

c o n s i d e r a t i o n f o r i n d i v i d u a l c l i e n t s w i t h 

a t t r i b u t e s o f need a t c e r t a i n l e v e l s . S e q u e n t i a l 

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

s i n g l e mode o f c a r e a p p r o p r i a t e f o r t h e c l i e n t . 

W i t h i n Durham C o u n t y C o u n c i l (DCC) i t s e l f , t h e 

p l a n n i n g d e p a r t m e n t h a s been i n v e s t i g a t i n g 

a l t e r n a t i v e ways o f a l l o c a t i n g r e s o u r c e s and, 

p a r t l y a s a c o n s e q u e n c e o f t h e D.U.B.S. s t u d y 

and o u r own d i s c u s s i o n s w i t h DCC, a s i m p l e 
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model b a s e d on t h e SPSS computer p a c k a g e was 

p r o p o s e d . T h i s i s d e s c r i b e d i n s e c t i o n 4.6 

K l i + ~. ~ + — — -i ™ — l ^ ^ T l j ^ ^ + r - . ^ UU I . 11 O lA *»/ U u O O l i J . J l l p j . ^ l U O i l 1>^U • 

The f i n a l s e c t i o n ( 4 . 7 ) o f t h i s c h a p t e r c o n s i d e r s 

t h e a d v a n t a g e s and d i s a d v a n t a g e s of a l l t h e s e 

m o d els. 

S i n c e most o f t h e models c o n s i d e r e d h e r e a r e 

m a t h e m a t i c a l , a c o n s i s t e n t s y m b o l i c n o t a t i o n 

h a s been u s e d t h r o u g h o u t . I n s e v e r a l c a s e s 

t h e models a r e p r e s e n t e d h e r e w i t h d i f f e r e n t 

s y m b o l s from t h o s e u s e d i n t h e o r i g i n a l 

p r e s e n t a t i o n s by t h e i r a u t h o r s . The i n t e n t i o n 

h a s been t o a v o i d t h e c o n f u s i o n w h i c h c o u l d be 

c a u s e d by t h e i n t r o d u c t i o n o f a new s e t o f 

s y m b o l s f o r e a c h model. 

F i g u r e 4.1.3.1 shows t h e n o t a t i o n u s e d . 
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F i g u r e 4.1.3.1 S y m b o l i c n o t a t i o n 

i = S u b s c r i p t f o r c l i e n t group (DUBS model) or c a t e g o r y 
w i t h i n a group ( B a l a n c e of C a r e ) 

j = S u b s c r i p t f o r D H S S - d e f i n e d groups ( C o v e r d a l e ) 

k = S u b s c r i p t f o r s e r v i c e r e s o u r c e 

1 = S u b s c r i p t f o r mode o r p a c k a g e of c a r e 

d^ = number o f c l i e n t s i n group i 

x = number o f c l i e n t s i n group i to r e c e i v e mode 1 of c a r e 

u.,, = amount of s e r v i c e k a l l o c a t e d t o a c l i e n t i n group i i l k . . r e c e i v i n g mode 1 o f c a r e 

B, = t o t a l a v a i l a b l e amount o f s e r v i c e k k 

w = w e i g h t i n g f o r c l i e n t s i n group i r e c e i v i n g mode 1 o f 
c a r e 

W = w e i g h t i n g f o r c l i e n t s i n group i r e c e i v i n g s e r v i c e k 
li£ 

t . , = t a r g e t amount of s e r v i c e k r e c e i v e d p e r c l i e n t i n l k 
group I 

A = amount o f s e r v i c e k a l l o c a t e d t o group i c o l l e c t i v e l y 

T = t a r g e t amount o f s e r v i c e k f o r group i lie 

a = amount o f s e r v i c e k a l l o c a t e d p e r p e r s o n i n group i 

C, = u n i t c o s t o f r e s o u r c e k k 

p^ = amount t o be s p e n t on p r e v e n t i o n f o r group i 

N. = number o f c a s e s i n group i p r e v e n t e d p e r u n i t 
e x p e n d i t u r e on t h e p r e v e n t i o n programme 

X^.^ = minimum number of c a s e s i n group i w h i c h c a n be 
t r e a t e d by a l t e r n a t i v e 1 f o r m e d i c a l r e a s o n s 

X ., maximum number of c a s e s i n group i w h i c h c a n be u i l = -I t r e a t e d by a l t e r n a t i v e x f o r m e d i c a l r e a s o n s . 

= maximum e x p e n d i t u r e on p r e v e n t i o n f o r group i 

= s h o r t t e r m m a r g i n a l c o s t o f r e s o u r c e k 

= e x t r a ( c a p i t a l ) c o s t o f i n c r e a s e i n r e s o u r c e k 

5, = i n c r e a s e t o be made i n r e s o u r c e k k 

= maximum p o s s i b l e i n c r e a s e i n r e s o u r c e k 
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F i g u r e 4 . 1 . 3 . 1 S y m b o l i c n o t a t i o n ( c o n t i n u e d ) 

B N 1 J = new amounts of s e r v i c e k 

0. = g e n e r a l p r o p o r t i o n o f demand 

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

D. = number o f c l i e n t s i n group i r e c e i v i n g c a r e 
(D. i s v a r i a b l e and C o v e r d a l e u s e s D to r e p r e s e n t 

1 l 
t h e p o t e n t i a l number o f c l i e n t s i n group i ) 

g. = a f u n c t i o n r e p r e s e n t i n g t h e c o n t r i b u t i o n t o 
i n f e r r e d w o r t h f o r group i . 

D L i = l o w e r bound on demand from group i 

DUi = u p p e r bound on demand from group i 

0 ^ = a c o n s t a n t f o r group i 

E ^ = e l a s t i c i t y of s a t i s f i e d demand from group i 

-TTi . = shadow p r i c e s on demand c o n s t r a i n t s 

h ^ k = a f u n c t i o n r e p r e s e n t i n g t h e i n f e r r e d w o r t h 
f o r e a c h c l i e n t from d e v o t i n g u._, u n i t s o f 

i l k 
r e s o u r c e k to e a c h c l i e n t i n group i r e c e i v i n g 
mode 1 o f c a r e . 

^ L i l k = l o w e r bound on amount o f s e r v i c e k a l l o c a t e d 
t o a c l i e n t i n group i r e c e i v i n g mode 1 
of c a r e . 

^ u i l k = u p p e r bound on amount o f s e r v i c e k a l l o c a t e d 
t o a c l i e n t i n group i r e c e i v i n g mode 1 o f 
c a r e . 

v.,, = v a r i a b l e amount o f s e r v i c e k a l l o c a t e d t o a 
c l i e n t i n g r o u p i r e c e i v i n g mode 1 o f c a r e . 

F., = c o n s t a n t e l a s t i c i t y o f t h e a c t u a l a l l o c a t i o n i k 
o f . e s o u r c e k to e a c h c l i e n t i n group i 
w i l .1 r e s p e c t t o m a r g i n a l i n f e r r e d w o r t h . 

s i l k a c o n s t a n t f o r group i , mode 1, r e c e i v i n g 
s e r v i c e k. 

c. = c o v e r a g e i n group i , i . e . t h e r a t i o o f t h e 
number o f c l i e n t s i n group i r e c e i v i n g c a r e t o 
t h e number o f p o t e n t i a l c l i e n t s i n group i . 

q = q u o t a f o r DHSS - d e f i n e d group j r e c e i v i n g s e r v i c e k 
^ i . e . t h e r a t i o o f t h e a l l o c a t i o n o f s e r v i c e k t o 

t h a t w h i c h would be r e q u i r e d i f d e s i r a b l e l e v e l s of 
s e r v i c e were t o be r e a c h e d f o r group j ( f o r a 
c e r t a i n modal b a l a n c e ) . 
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F i g u r e 4 . 1 . 3 . 1 S y m b o l i c n o t a t i o n ( c o n t i n u e d ) 

b = d e s i r a b l e l e v e l of s e r v i c e k f o r group j . .ik 

U. = d e s i r a b l e l e v e l o f s e r v i c e k p e r c l i e n t i n i X k 
c a t e g o r y i r e c e i v i n g mode 1 of c a r e 

0 l 
j k , ill j k = p a r a m e t e r s f o r C o v e r d a l e s h - f u n c t i o n 

' i , r f i = p a r a m e t e r s f o r C o v e r d a l e ' s g - f u n c t i o n 

r . „, = number of u n i t s o f r e s o u r c e k a l l o c a t e d t o mode i l k 

1 o f c a t e g o r y i i n SPRAM model 

q = q u o t a f o r mode 1 o f c a t e g o r y i r e c e i v i n g r e s o u r c e k 
1 I K 

x. = number of c l i e n t s r e c e i v i n g c a r e i n c a t e g o r y i 
I P E ^ = i d e a l p a c k a g e e q u i v a l e n t f o r c a t e g o r y i . 

B, = e s t i m a t e d f u t u r e r e q u i r e m e n t f o r r e s o u r c e k k 

r . , = c u r r e n t a l l o c a t i o n of r e s o u r c e k t o c l i e n t s i n c a t e g o r y i i k & J 

6.^ = f u t u r e s i z e o f p o p u l a t i o n i n c a t e g o r y i 

r , = c u r r e n t a l l o c a t i o n of r e s o u r c e k t o g e o g r a p h i c u n i t g gk 

r ' = f u t u r e a l l o c a t i o n o f r e s o u r c e k t o g e o g r a p h i c u n i t g gk 

p = p o p u l a t i o n s i z e of g e o g r a p h i c u n i t g 
g 

r = c u r r e n t a l l o c a t i o n o f a r e s o u r c e t o g e o g r a p h i c u n i t g 
g 

vl = f u t u r e a l l o c a t i o n o f a r e s o u r c e t o g e o g r a p h i c u n i t g 

R = c u r r e n t r e s o u r c e a v a i l a b i l i t y ( u n i t s ) 

R/ = f u t u r e r e s o u r c e a v a i l a b i l i t y ( u n i t s ) 

K = a c o n s t a n t u s e d i n t h e SPRAM model 

B,/ = f u t u r e a v a i l a b i l i t y o f r e s o u r c e k k J 

r . . 1 = f u t u r e a l l o c a t i o n o f u n i t s o f r e s o u r c e k t o c l i e n t s 
X ^ i n c a t e g o r y i o f group j and g e o g r a p h i c u n i t g 

Al = number o f u n i t s o f dominant r e s o u r c e a l l o c a t e d t o 
mode 1 
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F i g u r e 4.1.3.1 S y m b o l i c n o t a t i o n ( c o n t i n u e d ) 

M = number o f u n i t s of non-dominant r e s o u r c e k 
a l l o c a t e d t o mode 1 

^ k = q u o t a / c o v e r a g e t r a d e - o f f p a r a m e t e r f o r r e s o u r c e k 

)iJ{y1 - a v e r a g e amount of r e s o u r c e k a l l o c a t e d c u r r e n t l y 
t o c l i e n t s i n mode 1 of c a t e g o r y i 

x
i k ^ = number of c l i e n t s i n mode 1 of c a t e g o r y i c u r r e n t l y 

r e c e i v i n g r e s o u r c e k 

C., = c o v e r a g e of r e s o u r c e k i n c a t e g o r y i 

M^j^ = maximum l i k e l y u s e o f r e s o u r c e k by a c l i e n t i n 
mode 1 o f c a t e g o r y 1 

I . = number o f c l i e n t s i n c a t e g o r y i a l l o c a t e d t o 
i n s t i t u t i o n a l c a r e 

= maximum amount o f r e s o u r c e k a v a i l a b l e f o r 
g e o g r a p h i c u n i t g 

r = a d j u s t e d a l l o c a t i o n o f r e s o u r c e k to g e o g r a p h i c 

* i k 

u n i t g 

d e c i s i o n p a r a m e t e r s , u s e d i n Segment 4 o f t h e SPRAM 
model, d e s i g n a t i n g t h e p r o p o r t i o n a l change i n 
a l l o c a t i o n o f r e s o u r c e k t o c a t e g o r y i 

S = s a v i n g i n o t h e r r e s o u r c e s by a l l o c a t i n g r e s o u r c e 
k i n mode 1 

A = c o s t p e r c l i e n t o f 1 t h mode o f c a r e 

C = c o s t p e r c l i e n t o f c h e a p e s t a l t e r n a t i v e mode not 
u s i n g r e s o u r c e k 

a = number o f u n i t s o f r e s o u r c e k u s e d p e r c l i e n t i n 
mode 1 
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4.2 Balance o f Care 

4.2.1 I n t r o d u c t i o n 
40 

I n 1974. A.G. McDonald . G.C. Cuddeford a n d 

EML Beale p u b l i s h e d a paper "Balance o f 

Care : Some M a t h e m a t i c a l Models o f the N a t i o n a l 

H e a l t h S e r v i c e " . The paper r e p o r t e d on t h e 

p r o g r e s s o f a s e r i e s o f s t u d i e s c a r r i e d out 

j o i n t l y by t h e Department o f H e a l t h and S o c i a l 

S e r v i c e s (DHSS) and S c i c o n L t d . The term "balance o f 

c a r e " was chosen because t h e a u t h o r s r e g a r d e d 

t h e t o t a l c a r e d e l i v e r e d w i t h f i n i t e r e s o u r c e s 

as a bal a n c e between t h e major t y p e s o f c a r e 

and groups o f c l i e n t . The aim was t o 

i l l u m i n a t e t h e l i k e l y consequences o f d i f f e r e n t 

s e t s o f p o l i c y o p t i o n s i n terms o f b a l a n c e , 

b o t h between d i f f e r e n t r e s o u r c e s p r o v i d e d 

and between v a r i o u s groups o f c l i e n t s c a r e d 

f o r a t a s t r a t e g i c l e v e l . 

McDonald e t a l s t a t e t h a t t h e funda m e n t a l 

c o n t r i b u t i o n f r o m t h e i r s t u d i e s has been 

t h e d e f i n i t i o n o f c a t e g o r i e s o f c l i e n t , t h e 

i d e n t i f i c a t i o n o f a l t e r n a t i v e care p a t t e r n s 

a s s o c i a t e d w i t h t h e se c a t e g o r i e s , t h e 

r e s o u r c e s i n v o l v e d i n t h e ca r e o f c l i e n t s and t h e 

a v a i l a b i l i t i e s and c o s t s o f these r e s o u r c e s . 

T h e i r b a s i c concept i s t h a t o f a l t e r n a t i v e 

forms o f ca r e f o r some c a t e g o r i e s o f c l i e n t . 
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C a t e g o r i e s were d e f i n e d i n such a way t h a t the 

r e s o u r c e s r e q u i r e d t o c a r e f o r t h e same c l i e n t 

under d i f f e r e n t c a t e g o r i e s are n o t counted t w i c e . 

The r e s o u r c e s r e q u i r e d by one c a t e g o r y are 

regarded- as h a v i n g no e f f e c t on those r e q u i r e d 

by a n o t h e r , o t h e r t h a n t h e i n d i r e c t e f f e c t o f 

s c a r c i t y . F u r t h e r m o r e i t i s assumed t h a t some 

r e s o u r c e s w i l l be s c a r e s and t h a t i t i s adequate 

t o p r o v i d e c l i e n t s i n a s p e c i f i c c a t e g o r y w i t h 

one o f s e v e r a l a l t e r n a t i v e packages o f c a r e . 

Thus a c c e p t a b l e packages o f c a r e c o u l d be d e f i n e d 

and were o b t a i n e d by c o n s u l t i n g groups o f 

p r o f e s s i o n a l workers and a d m i n i s t r a t o r s . 

F i g u r e 4.2.1.1 shows an example o f a l t e r n a t i v e 

c a r e o p t i o n s f o r a c a t e g o r y o f e l d e r l y c l i e n t s . 

"Demand" f o r c a r e was e s t i m a t e d i n a v a r i e t y o f 

ways, f o r example : f r o m e x i s t i n g c a s e - l o a d s , 

f r o m e x i s t i n g s u r v e y s o f p o t e n t i a l e l d e r l y 

c l i e n t s , and by e x t r a p o l a t i n g c u r r e n t demand t o 

e s t i m a t e f u t u r e demand. 

Data on r e s o u r c e s was o b t a i n e d from DHSS r e c o r d s . 

4.2.2 The i n i t i a l model 

A l t o g e t h e r , McDonald e t a l d e f i n e d 150 c a t e g o r i e s 

and 550 a l t e r n a t i v e a c c e p t a b l e r e s o u r c e uses f o r 

each c l i e n t . 38 r e s o u r c e s were i n c l u d e d . T h e i r 

i n i t i a l assumptions were: 

( i ) t h a t r e s o u r c e use f o r each case s h o u l d be 

independent o f r e s o u r c e a v a i l a b i l i t y -

t h u s m a i n t a i n i n g s t a n d a r d s , 
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F i g u r e 4.2.1.1 A l t e r n a t i v e c a r e o p t i o n s f o r a c e r t a i n 
c a t e g o r y o f e l d e r l y p a t i e n t s 

40 
(Table 1 from Mo Donald e t a l ) 

( C a t e g o r y i n c l u d e s t h o se w i t h poor h o u s i n g , who l i v e w i t h 

o t h e r s , have severe t o a p p r e c i a b l e p h y s i c a l h andicap and 

have severe t o moderate d e m e n t i a ) . 

RESOURCE ALTERNATIVE CARE OPTIONS 1 

L o c a t i o n 
P s y c h i a t r i c bed X 
G e r i a t r i c bed X 
S p e c i a l h o u s i n g p l a c e X X X 
Own home X X X 

Community s u p p o r t 
D i s t r i c t n u r s e ( v i s i t s 

per week) 
4 4 s- 4 4 5 

P a r t - t i m e d o mestic h e l p 
( h o u r s per week) 

3 3 4 4 4 5 

Meals d e l i v e r e d t o 
p a t i e n t ' s own home 
(number per week) 

1 1 4 1 1 4 

A t t e n d a n c e a t p s y c h i a t r i c 
day h o s p i t a l ( t i m e s 
per week) 

3 3 

A t t e n d a n c e a t g e r i a t r i c 
day h o s p i t a l ( t i m e s 
per week ) 

3 3 
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( i i ) t h a t r e s o u r c e c o s t s are l i n e a r w i t h 

r e s p e c t t o the amount a v a i l a b l e ; 

E i i d ( i n ) t h a t p o t e n t i a l demand i s n o t l e s s 

t h a n p r e s e n t e d demand. 

The r e q u i r e m e n t was t o choose t h e b e s t a l ] o c a t i o n 

o f r e s o u r c e s t o c a t e g o r i e s and t h e o b j e c t i v e 

d e c i d e d upon was t o m i n i m i s e c o s t . 

The i n i t i a l model was as f o l l o w s : 

Choose t h e x.„ t o r l l 

M i n i m i s e f C, ^ ^ u.,, x., k k l 1 i l k l l 

s u b j e c t t o h. x,, > d. f o r a l l i , 1 l l > 1 

and z \ u._, x., < B, f o r a l l k. l 1 i l k l l k 

T h i s model seeks t o f i n d t h a t a l l o c a t i o n o f 

r e s o u r c e s t o c a t e g o r i e s o f c l i e n t which 

m i n i m i s e s c o s t , s u b j e c t t o g i v e n case­

l o a d s and r e s o u r c e s . 

4.2.3 V e r s i o n s o f t h e i n i t i a l model 

I n p r a c t i c e , more s o p h i s t i c a t e d v e r s i o n s o f the 

b a s i c model were used, as f o l l o w s : 

F o r m u l a t i o n A: f o r l o n g - t e r m m a r g i n a l c o s t s and 
p r e v e n t i v e programmes: 
M i n i m i s e F C, ? ? u.„, x + 

k k I 1 i l k l l * i 

s u b j e c t t o £ x., > d. - N.p. f o r a l l i ; 
1 l l y l I I ' 

J L i l * X i l * V l f ° r a 1 1 i > 1 ; 

p. < P. f o r a l l i ; l > l 

2 Z 

i 1 U i l k x n ^ B
k f o r a l l k. 
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T h i s model i n c l u d e s e x p e n d i t u r e on p r e v e n t i o n 

programmes w i t h assumptions about t h e consequent 

r e d u c t i o n s i n l e v e l s o f c a r e . The assumptions 

were so t e n t a t i v e t h a t t h e p r e v e n t i v e v e r s i o n 

c o u l d o n l y be i l l u s t r a t e d but n o t a p p l i e d . 

F o r m u l a t i o n B: f o r s h o r t - t e r m m a r g i n a l c o s t s 

and c a p i t a l c o s t s : 

M i n i m i s e f [~G. ( S ^ u... x..) + H ^ ~f + E p. 
1s I k 1 1 i l k l l k k l l l 

S u b j e c t t o ^ x _ > d. - N.p. f o r a l l i ; 
1 l l Y 1 1 1 

L i l <S i l * u . i l f o r a l l i , 1; 

P ± <c p
t f o r a l l i ; 

1 $ u... x . 1 < ; B + 6i f o r a l l k; l 1 i l k l i s : k k 

5 M 
k^ k f o r a l l k. 

T h i s model i n c l u d e s the f a c i l i t y f o r e x p e n d i t u r e on 

p r e v e n t i o n programmes as i n f o r m u l a t i o n A above, 

as w e l l as t h e f a c i l i t y t o p e r m i t r e s o u r c e s t o be 

i n c r e a s e d up t o g i v e n l i m i t s a t a d d i t i o n a l c a p i t a l 

c o s t . T h i s enables a range o f c o m b i n a t i o n s o f 

i n c r e a s e d r e s o u r c e s t o be examined i n one 

c a l c u l a t i o n . 

F o r m u l a t i o n C: f o r p a r a m e t r i c programming 

w i t h demand: 

M i n i m i s e £ C, ^ £ u.,, x.„ k k i 1 i l k l l 

S u b j e c t t o ^ x > fid f o r a l l i , l i 1 *** 2. 
t , u,_. x., < B, f o r a l l i r r e d u c i b l e k, l 1 i l k l l v k 

a ? £ u.,, x., < B, f o r a l l r e d u c i b l e k. B l 1 i l k l l v k 

T h i s model r e c o g n i s e s t h a t a v a i l a b l e r e s o u r c e s cannot 
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I 

p r o v i d e a c c e p t a b l e cover t o s a t i s f y p o t e n t i a l 
demand and i n t r o d u c e s two new measures: a 
" r e s o u r c e usage f a c t o r " and a "percentage 
of p o t e n t i a l demand i n c l u d e d i n t h e model". 
The r e s o u r c e usage f a c t o r i s a h y p o t h e t i c a l 
p r o p o r t i o n o f the " a c c e p t a b l e " use by each 
c l i e n t o f some r e s o u r c e s . The use o f some 
re s o u r c e s was c o n s i d e r e d i r r e d u c i b l e (eg. 
h o s p i t a l s and r e s i d e n t i a l homes) whereas 
n o n - r e s i d e n t i a l s e r v i c e s (eg domestic 
h e l p , meals-on-wheels) can r a t i o n a l l y be 
reduced. I n the i d e a l s i t u a t i o n b o t h t h e 
r e s o u r c e usage f a c t o r and t h e p e r c e n t a g e o f 
demand would be 100, b u t f o r any g i v e n l e v e l 
o f r e s o u r c e s the model can be used t o e s t a b l i s h 
t h e r e l a t i o n s h i p between t h e two measures f o r t h e 
minimum c o s t c o m b i n a t i o n o f a l t e r n a t i v e s . 

McDonald shows t h e r e l a t i o n s h i p o b t a i n e d u s i n g 

t h i s model f o r a l l " e l d e r l y " c a t e g o r i e s : a t 

b e s t , e i t h e r 40% o f t h e p o t e n t i a l demand can 

be i n c l u d e d and 100% o f t h e a c c e p t a b l e 

d o m i c i l i a r y c a r e f o r each p a t i e n t d e l i v e r e d , 

or 50% o f p o t e n t i a l demand and 50% o f a c c e p t a b l e 

d o m i c i l i a r y c a r e , or t h e r e w i l l be some 

c o m b i n a t i o n i n between. 
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4.2.4 The p r e d i c t i v e model 

Development o f these e a r l y f o r m u l a t i o n s l e d 

t o c o n s t r u c t i o n o f a p r e d i c t i v e model. Such 

a model would r e p r e s e n t how r e s o u r c e s , case­

l o a d and care f o r each c l i e n t i n t e r a c t . I t 

had been observed t h a t i n c r e a s e s i n r e s o u r c e s 

r e v e a l e d f u r t h e r u n s a t i s f i e d demand. The 

p r e d i c t i v e model would e s t i m a t e the number o f 

c l i e n t s drawn i n t o t h e system and the l e v e l o f 

care d e l i v e r e d , c o r r e s p o n d i n g t o any p l a n n e d 

l e v e l o f r e s o u r c e s . The model i s based on t h e 

concept o f t h e " i n f e r r e d w o r t h " of the t o t a l 

c are d e l i v e r e d . " i n f e r r e d w o r t h " i s used 

t o mean a u t i l i t y f u n c t i o n i n which t h e d a t a 

f o r i t are t o be i n f e r r e d f r o m i n f o r m a t i o n 

about what a c t u a l l y happens r a t h e r t h a n 

what ought t o happen. The model has t h e 

s t r u c t u r e o f a n o r m a t i v e model b u t i s 

f o r m u l a t e d as a p r e d i c t i v e model. 

The b a s i c h y p o t h e s i s i s t h a t " t h e h e a l t h 

s e r v i c e s a l l o c a t e v a r i o u s a v a i l a b l e r e s o u r c e s 

t o maximise t h e n e t i n f e r r e d w o r t h o f t o t a l 

c are d e l i v e r e d , where n e t i n f e r r e d w o r t h 

i s a u t i l i t y f u n c t i o n e x c l u s i v e o f c o s t , 

which i s i m p l i c i t l y d e f i n e d by t h e p r e v a i l i n g 

t r e n d s i n t h e average amount o f c a r e g i v e n t o 

each c l i e n t and t h e t y p e s o f c a t e g o r i e s o f 

c l i e n t c a r e d f o r " . 

The new model i s developed from t h e i n i t i a l 
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c o s t - m i n i m i s a t i o n model ( d e s c r i b e d i n 

S e c t i o n 4.2.2 above) i n two s t a g e s , 

f i r s t l y w i t h f i x e d r e s o u r c e s u.,, J i l k 

d evoted t o a c l i e n t r e c e i v i n g each typ e 

o f t r e a t m e n t and s e c o n d l y w i t h v a r i a b l e 

r e s o u r c e uses. The new model p e r m i t s an 

e xpansion o f t h e r e s o u r c e s made a v a i l a b l e . 

4.2.5 P r e d i c t i v e model: f i r s t s t a g e 

Tte f i r s t s t a g e i s s i m i l a r t o the c o s t - m i n i m i s a t i o n 

model, ex c e p t t h a t t h e number of c l i e n t s i n group i 

r e c e i v i n g c a r e i s now a v a r i a b l e and t h e new 

amounts o f r e s o u r c e a v a i l a b l e are denoted 

by B I n s t e a d o f a c o n s t r a i n t s t a t i n g 

t h a t some number o f c l i e n t s must be t r e a t e d , 

t h e model i n c l u d e s a c o n t r i b u t i o n g ^ 0 ^ ) t o 

t h e i n f e r r e d w o r t h f o r each group o f c l i e n t s , 

which p r o v i d e s an i n c e n t i v e t o t r e a t t h i s 

number o f c l i e n t s . Lower and upper bounds 

DLi and Dui are d e f i n e d f o r t h e demand fr o m 

c l i e n t s i n group i . 

The new demands can t h e n be c a l c u l a t e d by f i n d i n g 

t h e D.and x., t o maximise t h e n e t i n f e r r e d w o r t h 1 l l 
as f o l l o w s : 

Maximise ? g.(D.) - t ~ } (p C, u...) X 
i l l i 1 k k i l k l l 

s u b j e c t t o £. x ^ - = 0 f o r a l l i , 

? ^ u.„ x., £ B v, f o r a l l k, l 1 i l k l l ^ Nk 

DLi < D^ $ Dui f o r a l l i . 

The f u n c t i o n s g. (D.) need t o be d e f i n e d , l I 
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McDonald e t a l show t h a t the g. can be 

r e p r e s e n t e d as f o l l o w s : 

g. (D.) = D 1 1/„ . ) E i x l 1 - 1 / l 
E l 

u n l e s s E. l 1, when g. (D.) = oCx l n ( l O « l i i 

The v a l u e s o f oC are g i v e n by t h e r e q u i r e m e n t 

t h a t g. ( d . ) = »., where f. are t h e 

( n e g a t i v e ) shadow p r i c e s on the demand c o n s t r a i n t s 

i n t h e s i m p l e r i n i t i a l model as f o r m u l a t e d i n 

4.2.2 above. I t i s assumed t h a t t h e i n i t i a l 

model i s s o l v e d and t h a t t h e shadow p r i c e s 

computed. 

The c o n s t a n t s E i , e l a s t i c i t y o f s a t i s f i e d demand 

from group i , are such t h a t , f o r a l l v a l u e s o f D^, 

a 1 % decrease i n t h e m a r g i n a l i n f e r r e d w o r t h o f 

t r e a t m e n t c o r r e s p o n d s t o an E % i n c r e a s e i n t h e 
l 

number o f c l i e n t s t r e a t e d . The o p t i m i s a t i o n model 

w i l l l e a d t o a s o l u t i o n i n whic h t h e m a r g i n a l 

i n f e r r e d w o r t h f r o r a t a k i n g e x t r a 

c l i e n t s e q u a l s t h e o p p o r t u n i t y c o s t , so E i i s 

r e g a r d e d as t h e e l a s t i c i t y o f demand w i t h 

r e s p e c t t o o p p o r t u n i t y c o s t . 

(- T.) on the demand c o n s t r a i n t s are l 
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4.2.6 P r e d i c t i v e model : second stage 

The second s t a g e , e x t e n d i n g t h e model t o a l l o w 

d i f f e r e n t a l l o c a t i o n s o f r e s o u r c e s v.. t o 
i l k 

each c l i e n t , r e q u i r e s the assumption o f a n o t h e r 

s e t o f c o n s t a n t e l a s t i c i t i e s , F , o f t h e 
i k 

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 k t o each c l i e n t 

i n group i w i t h r e s p e c t t o m a r g i n a l i n f e r r e d 

w o r t h ( o r e q u i v a l e n t l y t o t h e o p p o r t u n i t y c o s t 

o f t h e r e s o u r c e ) . The i n f e r r e d w o r t h must be 

d e f i n e d so t h a t t h e a c c e p t a b l e a l l o c a t i o n s 
u.,, o f r e s o u r c e s t o each c l i e n t are optimum i l k 
when r e s o u r c e s are u n c o n s t r a i n e d . 

The model becomes : choose the D i , x.,and v.,, 
l l i l k 

t o : 
y y y y Maximise r g . ( D i ) + r " " h (v ) x 1 1 i l k i l k i l k l l 

E E E c 

i 1 k k V i l k X i l 

s u b j e c t t o ^ x - D. = 0 f o r a l l i ; 1 1 1 l 
y ? ~. ~ v.,, x . . ^ B . f o r a l l k; l 1 i l k l l ̂  Nk 

D, .s D. D . f o r a l l i ; l ^ u i 

U L i l k ^ V i l k 4 U u i l k f o r a l l i , l , k ; 

where U. U are low ,r and upper bounds on L i l k , u i l k 
v.,, .and h.„, ( v . , , ) are f u n c t i o n s r e p r e s e n t i n g the i l k ' i l k i l k 
i n f e r r e d w o r t h f o r each c l i e n t f r o m d e v o t i n g v.,, 

i l k 

u n i t s o f r e s o u r c e k t o each c l i e n t i n group i 

r e c e i v i n g mode 1 o f c a r e . 

The c o n s t a n t e l a s t i c i t y a s sumption i m p l i e s t h a t 

t h e r e i s an i n f e r r e d w o r t h h.,, ( v . . , ) , where 
i l k i l k 
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h ' ( v :) = 3.,, v.,, " 1 / F i k i l k i l k i l k i l k 

f o r some a ,, ' ' i l k , 
o 

the v a l u e s o f .,, b e i n g deduced from t h e 
i l k 

a ssumption t h a t v ^ i s t h e a p p r o p r i a t e 

a l l o c a t i o n o f r e s o u r c e s t o each c l i e n t when 

the r e s o u r c e s are u n c o n s t r a i n e d and the 

o p p o r t u n i t y c o s t o f each u n i t o f r e s o u r c e 

i s C. . 

T h i s i m p l i e s t h a t : 

h ' i i k ( V i i * ; = c v ' 1 / F l k 

and hence by i n t e g r a t i o n , 

h i l k ( V i l k ) = C k U i l k 

( 1 " 1 / F i k > 

v. \ ( 1 - 1/ ) i l k \ F i k 
u - i l k , 

o r , i f F i k = 1, h . f v ) = C M I n ( v . / u . . , i l k i l k k i l k i l k l l 

I n p r a c t i c e , however, t h e a c c e p t a b l e l e v e l s o f 

c a r e u.,. are i n c o n s i s t e n t w i t h t h e a c t u a l s e t o f i l k 
c l i e n t numbers d and t h e c u r r e n t r e s o u r c e s B, . 

l k 
Conseq u e n t l y t h e c o s t - m i n i m i s a t i o n model i s 

not a f e a s i b l e means o f c a l i b r a t i n g t h e i n f e r r e d 

w o r t h f u n c t i o n s e (d ) i n t h e c u r r e n t s i t u a t i o n . I I 

I n s t e a d t h e a p p r o p r i a t e shadow p r i c e s - 7T\ 

on t h e demand c o n s t r a i n t s maybe o b t a i n e d from 

a n o t h e r model, i n whic h t h e r e s o u r c e use v „, 

i l k 

f o r each c l i e n t i s v a r i a b l e b u t t h e numbers o f 

c l i e n t s r e main c o n s t a n t . 
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T h i s model r e q u i r e s c h o o s i n g x., and v ,, t o : 
l l i l k 

Maximise ^ f f h.,, ( v . , , ) x . , i l k i l k i l k l l 

r v T 

i 1 k °k V i l k X i l 

S u b j e c t t o ^ x ^ = d^ f o r a l l i ; 

E E v x B 
t r i l k i l « k f o r a l l k; 

U..., , v... . U f o r a l l i , l , k . L i l k £ i l k $ u i l k 

As McDonald s t a t e s , the e l a s t i c i t y f a c t o r s F i k 

are t h e o n l y u n d e t e r m i n e d f a c t o r s i n t h i s model 

and t h e s e have t o be e s t i m a t e d , w i t h t h e 

a d d i t i o n a l r e q u i r e m e n t t h a t f o r t h e c u r r e n t r e s o u r c e 

a v a i l a b i l i t i e s a l l r e s o u r c e s s h o u l d be used, 

so t h a t t h e s t a n d a r d o f ca r e d e l i v e r e d t o 

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

as p o s s i b l e . e . g . F i k = 0 i m p l i e s t h a t t he 

s t a n d a r d o f care f o r t h i s i , k i s f i x e d a t 

U i l k , S i n c e i f v i l k < U i l k t h e n h i l k ( v i l k ) 

—> -cO as F. -> 0. 
l k 
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4.2.7 Use o f the model 
ir 

I . L . Coverdale and N e g r i n e , i n t h e i r paper 

" T ^ „ ES „ 1 O r^f fn-r^ D-r.o -i o ~ + " H-t c 11 o c +V10 

o f t h e Balance o f Care model. They d i s t i n g u i s h 

between "groups" and " c a t e g o r i e s " o f c l i e n t s 

where "groups ' r e f e r t o t h e ty p e s o f c l i e n t s 

who are n o r m a l l y grouped t o g e t h e r f o r DHSS 

p l a n n i n g purposes, e.g. e l d e r l y , m e n t a l l y i l l , 

e t c . and " c a t e g o r i e s " r e f e r t o th o s e c l i e n t s 

who make s i m i l a r demands on s e r v i c e s . I n t h e 

p r e c e d i n g d i s c u s s i o n , t h e word "group" has 

been used t o mean t h e s u b - c l a s s i f i c a t i o n o f 

a c a t e g o r y w i t h i n a DHSS - d e f i n e d group. 

For p l a n n i n g purposes i t may be u s e f u l t o 

be a b l e t o c o l l a t e t h e needs o f a s e t o f 

c l i e n t s b e l o n g i n g t o s e v e r a l c a t e g o r i e s o r 

one DHSS - d e f i n e d group, b u t i t was n o t 

c o n s i d e r e d n e c e s s a r y f o r t h e purposes o f 

th e p r e c e d i n g d i s c u s s i o n . I n t h i s p a r a g r a p h , 

h o w e v e r j t h e n o m e n c l a t u r e o f group and c a t e g o r y 

w i l l be adopted. 

Coverda l e and Ne g r i n e s t a t e t h a t t h e Balance 

o f Care model has been used t o a i d p l a n n i n g 

a t n a t i o n a l l e v e l , t o a n a l y s e a l t e r n a t i v e 

s t r a t e g i e s and t o examine t h e i r consequences. 

At a l o c a l l e v e l t h e model has been used t o a i d 

p l a n n i n g i n Devon, where i t c o n t r i b u t e d t o t h e 

j o i n t p l a n n i n g a c t i v i t y between t h e h e a l t h 

- 52 -



a u t h o r i t y and the l o c a l a u t h o r i t y s o c i a l 

s e r v i c e department and i t has been used 

t o suggest areas where j o i n t f i n a n c i n g may be 

a p p r o p r i a t e . 

C overdale and Negrine d e s c r i b e t h e p r o v i s i o n o f 

ca r e i n terms o f coverage, modal balance and 

q u o t a s . Coverage, c i s t h e r a t i o o f t h e 

number o f c l i e n t s r e c e i v i n g care t o the number 

o f p o t e n t i a l c l i e n t s i n a group. 

Modal b a l a n c e , x , i s t h e number o f c l i e n t s 

i n d i f f e r e n t modes o f c a r e . A q u o t a , q H 1_, 

i s the r a t i o o f t h e a l l o c a t i o n o f a p a r t i c u l a r 

r e d u c i b l e s e r v i c e t o t h a t w h i c h would be 

r e q u i r e d i f d e s i r a b l e l e v e l s o f s e r v i c e were 

t o be reached ( f o r t h a t modal b a l a n c e ) . 

T h i s v e r s i o n o f t h e model i s as f o l l o w s : 

Choose t h a t p a t t e r n o f c a r e (coverage c., 

modal b a l a n c e x , and quotas q ) which w i l l : l l j k 

Maximise ^ ? b ., h , ( q , , ) + ? D. g.(c .) 
j k j k j k ^ j k 1 1 " i 1 

- ZZC a j k k Jk 
S u b j e c t t o : 

V = J j i u n k x n f o r a 1 1 J a n d k ' 

a j k = q j k b j k f o r a 1 1 j a n d k> 
£ a - S B 
j jk ̂  k f o r a l l k , 

J x., = D, c f o r a l l i . 1 l l k l 
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I n t h i s r e p r e s e n t a t i o n the s u b s c r i p t j i s used 

t o r e p r e s e n t the DHSS-defined group w h i l s t i 

i s used t o r e p r e s e n t the c a t e g o r y w i t h i n t h e group, 

Then b , r e p r e s e n t s the d e s i r e d amount o f s e r v i c e 

k f o r a l l c a t e g o r i e s i n group j and a 
Jk 

r e p r e s e n t s t h e a c t u a l amount o f s e r v i c e k s u p p l i e d 

t o group j . 

Thus a = q b i m p l i e s t h a t t h e a c t u a l Jk Jk j k 

s e r v i c e s u p p l i e d i s some qu o t a q ..of t h e d e s i r e d 
Jk 

s e r v i c e l e v e l b , and ? a , < B, c o n s t r a i n s t h e j k j j k v k 

t o t a l a c t u a l amount o f s e r v i c e k s u p p l i e d t o 

be w i t h i n t h e a v a i l a b l e amount B, . 

The c o n s t r a i n t ? x., = D. c. i m p l i e s 1 l l 1 1 

t h a t each person r e c e i v i n g c a r e must be i n one 

o f t h e modes. c^ i s t h e coverage w i t h i n group i 

and i s t h e number o f p o t e n t i a l c l i e n t s i n 

c a t e g o r y i . 

I n t h e o b j e c t i v e f u n c t i o n t o be maximised, 

i . e . Z ,E h h (q ) + f D. g. ( c . ) j k j k j k M j k 1 I °i I 

- Z Z C, a., k Jk, 

h and g need t o be c a l i b r a t e d . The g f u n c t i o n s 

r e p r e s e n t t h e w o r t h o f c a r i n g f o r c l i e n t s a t 

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

r e p r e s e n t t h e p e n a l t y o f f a l l i n g s h o r t o f 

t h e s e l e v e l s . 
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T h i s o b j e c t i v e f u n c t i o n i s d i r e c t l y comparable 

w i t h McDonald's such t h a t 

- t h e number o f c l i e n t s s e r v i c e d i s expressed i n 

terms o f coverage and p o t e n t i a l number o f c l i e n t s . 

- t h e l e v e l o f s e r v i c e s u p p l i e d i s expressed i n 

terms o f quotas and number o f c l i e n t r e c e i v i n g 

each mode o f c a r e . 

C overdale and Neg r i n e d e s c r i b e the c a l i b r a t i o n 

o f t h e h f u n c t i o n by assuming t h a t i t i s w o r t h 

i m p r o v i n g quotas up t o 100%, a t whic h p o i n t 

s e r v i c e a l l o c a t i o n s w i l l be a t t h e d e s i r a b l e l e v e l 

and no p e n a l t y w i l l be i n c u r r e d . They show t h a t 

t h e h f u n c t i o n s h o u l d r e f l e c t d i m i n i s h i n g r e t u r n s 

as t h e quota or amount o f s e r v i c e s u p p l i e d t o a 

group i n c r e a s e s . Thus a concave c u r v e i s r e q u i r e d 

and an i n v e r s e power f o r m i s what was chosen. 

i . e . h j k ( q . k ) » * Jk ( 1 - q ^ j k ) 

Where i> j k and 0 j k are parameters t o be e s t i m a t e d . 

T h i s d e f i n e s a c u r v e w i t h d i m i n i s h i n g r e t u r n s t o 

s c a l e whenever 0^* - 1 i f tjjjk and 0 j k have t h e 

same s i g n . T h i s i s e s s e n t i a l l y t h e same fo r m as 

t h a t used by McDonald e t a l . 

To c a l i b r a t e t h e g f u n c t i o n , i t i s assumed t h a t , 

up t o t h e number o f p o t e n t i a l c l i e n t s , t h e r e 

w i l l be a b e n e f i t in t r e a t i n g e x t r a c l i e n t s and 

t h a t t h e r e w i l l be d e c r e a s i n g r e t u r n s t o s c a l e , 

t h e more p r e s s i n g cases r e c e i v i n g c a r e i n 
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preference to o t h e r s . Once again a d i m i n i s h i n g 

r e t u r n form i s needed. T h i s time, i n s t e a d of 

using an i n v e r s e power form as did McDonald 

et a l , Coverdale and Negrine used a q u a d r a t i c 

form: 

g. ( c. ) = E, . c. + n . c. , 
1 1 1 1 l i 

where?, and n. are parameters to be estimated. 
l i 

They comment that c a l i b r a t i o n of the parameters 

proved to be d i f f i c u l t and that t h i s may be an 

i n e v i t a b l e consequence of modelling the ch o i c e 

of s e r v i c e a l l o c a t i o n which e x i s t s w i t h i n the 

Health and Person a l S o c i a l S e r v i c e s system.(HPSS) 

They s t a t e however that the model has been 

u s e f u l i n c l a r i f y i n g the i n t e r r e l a t i o n s h i p s 

between the d i f f e r e n t p a r t s of the HPSS 

and i n q u a n t i f y i n g the consequences of adopting 

v a r i o u s s t r a t e g i e s . 
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4.2.8 P r e d i c t i v e model: comments 

Although McDonald i l l u s t r a t e s i n an appendix 

how h i s p r e d i c t i v e model can be s i m p l i f i e d 

mathematically for computational pui'poses, 

i t i s c l e a r that the complete model (of 

McDonald or of Coverdale and Negrine) 

i s not easy to use and that i t r e q u i r e s a 

l o t of data a d d i t i o n a l to the b a s i c c o s t 

m i n i m i s a t i o n model. 

30 ,, R.J. Gibbs , i n h i s paper The Use of a 

S t r a t e g i c Planning Model for Health and 

Person a l S o c i a l S e r v i c e s " d i s c u s s e s the 

f o l l o w i n g questions encountered i n the 

Balance of Care study: 

( i ) Given t h a t the o b j e c t i v e s of the 

s e r v i c e cannot be s a t i s f a c t o r i l y 

q u a n t i f i e d and f i n a l outputs 

r e l i a b l y measured, how f a r can 

modelling proceed with i n t e r m e d i a t e 

or surrogate output measures? 

Gibbs suggests that the modeller 

should be w e l l s a t i s f i e d i f he can 

c o n s t r u c t a model that l i n k s inputs 

to the s e r v i c e with any intermediate 

surrogate measures of outputs that 

are a v a i l a b l e . 

- 57 -



r 

( i i ) How much should the model take i n t o 

account the i d e a l standards which the 

s e r v i c e would seek to a t t a i n i n i t s 

v a r i o u s a c t i v i t i e s i f r e s o u r c e s were 

not c o n s t r a i n e d and how much, on the other 

hand, should the model take account of 

c u r r e n t p r a c t i c e ? 

Gibbs suggests that i n order that the 

model should be capable of e x p l o r i n g 

the consequences of major changes to 

the s t a t u s quo r a t h e r than simply marginal 

ones, the modeller must accept the 

n e c e s s i t y to take some account of the 

i d e a l behaviour of the s e r v i c e r a t h e r 

than simply r e p r e s e n t c u r r e n t p r a c t i c e . 

I n doing t h i s he should not be r e l u c t a n t 

to c o l l e c t judgemental data f o r a s p e c t s 

of the s e r v i c e from personnel working 

i n the f i e l d . 

( i i i ) I s the use of a comprehensive s t r a t e g i c 

model by the c e n t r a l a u t h o r i t y incompatible 

with a reasonable degree of de v o l u t i o n of 

r e s p o n s i b i l i t i e s to f i e l d a u t h o r i t i e s ? 

Gibbs suggests that the use of such a 

model i s not incompatible provided that the 

d e c i s i o n v a r i a b l e s of the model correspond 

to the v a r i a b l e s under the c e n t r a l a u t h o r i t y ' s 
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c o n t r o l and that the model r e p r e s e n t s 

how the f i e l d a u t h o r i t i e s , w i t h i n the 

l i m i t s of t h e i r autonomy, are l i k e l y 

to respond to d i f f e r e n t c e n t r a l d e c i s i o n s . 

( i v ) I f both the f i e l d a u t h o r i t i e s and the 

personnel who are d i r e c t l y concerned with 

d e l i v e r i n g the s e r v i c e have a s i g n i f i c a n t 

degree of autonomy from the c e n t r a l 

a u t h o r i t y , whose pr e f e r e n c e s and p r i o r i t i e s 

should be i n c o r p o r t e d i n the model? 

Gibbs suggests t h a t , f o l l o w i n g from ( i i i ) 

above, the model should i n c o r p o r a t e the 

de f a c t o p r i o r i t i e s and p r e f e r e n c e s t h a t 

are employed by s e r v i c e personnel i n the 

f i e l d even i f these are at v a r i a n c e with 

those of the c e n t r a l a u t h o r i t y . 

Should the model be of an o p t i m i s i n g 

nature or of a s i m u l a t i o n ("what-if") 

type? 

Gibbs suggests t h a t , again from ( i i i ) 

above, the model should be of the w h a t - i f , 

s i m u l a t i o n type so t h a t i t can be used to 

t e s t out a l t e r n a t i v e p o l i c y options i n an 

i n t e r a c t i v e mode with c e n t r a l p l a n n e r s . 

Assuming that the planning process i s a 

form of dialogue between the c e n t r a l and 

(v) 

( v i ) 
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f i e l d a u t h o r i t i e s , how should the design 

of the model take account of the terms 

in which the dialogue i s conducted? 

Gibbs suggests that the model may e n r i c h 

the q u a l i t y of the planning dialogue between 

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

a s e t of connecting l o g i c between s e r v i c e 

inputs and intermediate outputs. 
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4.2.9 Summary 

The Balance of Care model, as d e s c r i b e d by 

McDonald et a l , by Coverdaie and Negrine, 

and by Gibbs, was d i f f i c u l t to c a l i b r a t e but was 

u s e f u l i n q u a n t i f y i n g the consequences of 

adopting v a r i o u s s t r a t e g i e s . 

4.2.10 Further developments 

The Balance of Care model has been developed 

f u r t h e r by the DHSS i n co n j u n c t i o n with Arthur 

Andersen & Co. S e c t i o n 4.4 d e s c r i b e s t h i s 

development. 
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4.3 The D.U.B.S. Goal Programming Model 
loO 

The D.U.B.S. goal programming model was proposed by L. Wiper 

in "Model for a Resource A l l o c a t i o n D e c i s i o n Aid", one of 

the papers i n the s e t "Design f o r a S o c i a l S e r v i c e s Planning 
ii 43 System , e d i t e d by E.G. Nelson . 

The model i s defined as f o l l o w s : 

Minimise 1 ? (T., - A., ) W., l k l k l k l k 

y s u b j e c t to . A., < B, , f o r a l l k; J l i k " k' 

where i , k , A,B,T,W are as defined i n f i g u r e 4.1.1 and 
r , W., = 1, f o r a l l i , i s a c o n d i t i o n of the data, k i k 

T h i s model i s of goal programming type using l i n e a r 

programming to f i n d the optimum s o l u t i o n . Target l e v e l s 

of s e r v i c e are s e t for each c l i e n t group and " d i s t a n c e 

from t a r g e t " ( i . e . the sum of the d i f f e r e n c e s between 

a l l o c a t i o n and t a r g e t ) i s minimised. 

The procedure i s as f o l l o w s : f o r each c l i e n t group i 

a t a r g e t "package" of s e r v i c e s T i s defined which 
lie 

w i l l meet a l l t h e i r requirements i n terms of "need" 

for S o c i a l S e r v i c e s . Next, a weight W i s attached 
lit 

to each s e r v i c e k for each c l i e n t group i i n d i c a t i n g 

the c o n t r i b u t i o n i t makes to the package of s e r v i c e s 

f o r t h a t c l i e n t group, i . e . the proportion of the 

c l i e n t s ' needs that i s met by the p r o v i s i o n of that t a r g e t 

l e v e l of s e r v i c e . I n a d d i t i o n to d e f i n i n g t a r g e t s and 

s e r v i c e weights, the resource c o n s t r a i n t s B are a l s o 

d efined. The problem i s then s t a t e d as being to 

minimise the sum of s h o r t f a l l s from t a r g e t s , weighting 
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for c o n t r i b u t i o n of s e r v i c e , and s u b j e c t to the resource 

c o n s t r a i n t s . 

As presented by Wiper, the o b j e c t i v e f u n c t i o n minimises 

the sum of weighted d i f f e r e n c e s (T., - A., ) W , I n theory. 
l k l k l k . 

these d i f f e r e n c e s could be both p o s i t i v e and negative and a 

true goal programming model would minimise the sum of the 

absolute weighted d i f f e r e n c e s IT., - A, I W., 
* l k lk' l k . 

The goal-programming model had been n e i t h e r t e s t e d nor 

implemented by the D.U.B.S. team. 

I t was decided that , as part of the c u r r e n t r e s e a r c h , the 

model should be i n v e s t i g a t e d . 

I t was soon r e a l i s e d that the goal-programming model proposed 

i s i n p r a c t i c e i d e n t i c a l with a simpler l i n e a r programming 

model. T h i s i s because the t a r g e t s of the goal-programming 

model are i d e a l s and would never i n r e a l i t y be exceeded, 

i . e . the a c t u a l s e r v i c e a l l o c a t i o n s w i l l always be l e s s than 

or equal to the t a r g e t a l l o c a t i o n s . Thus minimising the 

t o t a l of the absolute d i f f e r e n c e s between the s e r v i c e 

a l l o c a t i o n s and the t a r g e t s i s e q u i v a l e n t to maximising 

the t o t a l s e r v i c e a l l o c a t i o n s s u b j e c t to upper bound 

c o n s t r a i n t s which are themselves the t a r g e t s . T h i s l i n e a r 

model i s d e s c r i b e d i n Chapter 5. 

- 63 -



4.4 The D.H.S.S./A. Andersen Model (SPRAM) 

4.4,1 I n t r o d u c t i o n 

The o r i g i n a l Balance of Care Model d e s c r i b e d i n 

S e c t i o n 4.2 can be d e s c r i b e d as an " i n f e r r e d 

worth" model i n which the u n d e r l y i n g b e h a v i o u r a l 

assumption i s t h a t " f i e l d workers act i n a way 

which produces the same r e s u l t s as i f they were 

maximising a j o i n t u t i l i t y f u n c t i o n of a given 

mathematical form. I t i s p o s s i b l e to i n f e r the 

parameters of t h i s f u n c t i o n from data on the 

c u r r e n t proportions of r e s o u r c e s r e c e i v e d by 

d i f f e r e n t s e t s of c l i e n t s " , (D.H.S.S. /A. Andersen, 

1980). The model was i n i t i a l l y developed and 

a p p l i e d at the n a t i o n a l l e v e l but was a l s o used 

at the l o c a l l e v e l . The c o n s u l t a n t s Arthur 

Andersen & Co. were commissioned i n 1979 to 

examine how the Balance of Care approach could be 

modified to make i t more r e a d i l y a p p l i c a b l e at 

the l o c a l l e v e l . 

The new model was t h e r e f o r e developed j o i n t l y by 

the D.H.S.S. and Arthur Andersen and, w h i l s t 

r e t a i n i n g the data framework of the o r i g i n a l 

Balance of Care Model, has a completely d i f f e r e n t 

mathematical s t r u c t u r e . T h i s i s both l e s s 

complex f o r the planners to understand and more 

e a s i l y implemented at the l o c a l l e v e l , thus 

reducing the need f o r D.H.S.S. Op e r a t i o n a l 

Research S e r v i c e involvement i n l o c a l a p p l i c a t i o n 

of the Balance of Care Model. 
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4.4.2 Framework of the D.H.S.S./A. Andersen Model 

The data framework of the o r i g i n a l Balance of 

Care Model was r e t a i n e d i n the new model : the 

population of p o t e n t i a l and a c t u a l c l i e n t s being 

d i v i d e d i n t o c l i e n t groups (about 6 of these) 

and c a t e g o r i e s w i t h i n c l i e n t groups (about 15 

c a t e g o r i e s per group). S e v e r a l a l t e r n a t i v e 

e q u i v a l e n t packages or modes of care may be 

defined for each category. The packages use 

r e s o u r c e s which c o n s i s t of the v a r i o u s h e a l t h and 

personal s o c i a l s e r v i c e s . 

25 

Much emphasis i s placed (D.H.S.S. , 1981) on the 

broader aspects of the Balance of Care approach : 

that i t i s p r i m a r i l y an approach to s t r a t e g i c 

planning; that i t demands a s u b s t a n t i a l commitment 

to manage i t s implementation and that i t concen­

t r a t e s on the broader p o l i c y i s s u e s of the e f f e c t i v e 

use of r e s o u r c e s . The Balance of Care approach 

assumes that at some planning l e v e l there are 

s i g n i f i c a n t amounts of money which the planners 

can s w i t c h from one s e c t o r or s e r v i c e to another. 

Data i s organised by the model, p r o f e s s i o n a l f i e l d 

workers give advice and planners take the d e c i s i o n s . 

A recommendation i s made as to the o r g a n i s a t i o n a l 

s t r u c t u r e which i s needed to make best use of the 

Balance of Care approach. T h i s i n c l u d e s (1) a 

J o i n t Management Team (J.M.T.) to provide o v e r a l l 

d i r e c t i o n and c o n t r o l of the p r o j e c t ; (2) the 
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P r o f e s s i o n a l Advisory Groups (P.A.G.s), who 

provide p r o f e s s i o n a l input, i n i t i a l l y agreeing 

on a. s p e c i f i c category s t r u c t u r e with which to 

organise the data, then c o n s o l i d a t i n g the data 

s t r u c t u r e subsequent to the data survey, a d v i s i n g 

on appropriate a l t e r n a t i v e modes of care f o r 

c l i e n t s i n each category and a d v i s i n g on the 

i d e a l l e v e l s of s e r v i c e r e q u i r e d by each category 

of c l i e n t i n each mode of c a r e ; and (3) the 

P r o j e c t Team fo r the day-to-day running of the 

p r o j e c t . 

4.4.3 S t r u c t u r e of the Model 

The Model i s d e s c r i b e d (D.H.S.S. ) as having 

s i x segments, each of which i s run independently 

although an i t e r a t i v e procedure i s suggested. 

The s i x segments perform the f o l l o w i n g : 

1. Gives c u r r e n t standards of c a r e . 

2. Gives r e s o u r c e s needed i n f u t u r e to 

maintain c u r r e n t standards, given expected 

demographic changes. 

3. Gives f u t u r e p a t t e r n s of c a r e , g i v e n c u r r e n t 

p o l i c i e s and amounts of r e s o u r c e l i k e l y to 

be a v a i l a b l e . 

4. Gives f u t u r e p a t t e r n s of c a r e a r i s i n g from 

changes i n p o l i c i e s about res o u r c e a l l o c a t i o n , 

5. Analyses which r e s o u r c e s are "best-buys". 

6. Analyses the " b e s t " ways to a l l o c a t e a 

given s e t of r e s o u r c e s . 
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FIGURE 4.4.3.1 ITERATIVE PROCEDURE FOR D.H.S.S./A. ANDERSEN MODEL 

use segment i : 
What are c u r r e n t standards of c a r e ? 

Use Segment 2 : 
What r e s o u r c e s are ne c e s s a r y to maintain 

c u r r e n t standards of c a r e ? 

I 
S e l e c t a p o s s i b l e s e t of f u t u r e r e s o u r c e s 

1 
Use Segments 3 and 4 : 

What i s the l i k e l y f u t u r e s i t u a t i o n 
given (a) c u r r e n t p o l i c i e s and l i k e l y r e s o u r c e s ; 

(b) changes i n p o l i c i e s and r e s o u r c e s ? 

Use Segment 5 : 
What are the "best' 
r e s o u r c e s to buy? 

I 
S e l e c t an a l t e r n a t i v e 

s e t of f u t u r e r e s o u r c e s 

Develop 
S t r a t e g i c P l a n 

Use Segment 6 : 
What i s the "b e s t " 

way of us i n g r e s o u r c e s ? 

I 
Change assumption about 
a l l o c a t i o n of r e s o u r c e s 
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Figure 4.4.3.1 shows the i t e r a t i v e procedure 

suggested. 

Each of the segments i s now d e s c r i b e d . 

4.4.4 Segment 1 

Segment 1 c o l l a t e s survey data and groups the 

data according to the c a t e g o r i e s devised by the 

P.A.G.'s. Summarises the c u r r e n t a l l o c a t i o n of 

care i n terms of the numbers of c l i e n t s of 

d i f f e r e n t types and i n d i f f e r e n t groups and 

c a t e g o r i e s r e c e i v i n g c a r e , and the standards of 

the care they are r e c e i v i n g . 

Measures of quota, coverage and i d e a l package 

e q u i v a l e n t s are used. 

Quotas are the average amounts of r e s o u r c e s provided 

to those people r e c e i v i n g c a r e , expressed as 

percentages of the " i d e a l " l e v e l s s e t by the P.A.G. 

I . e . I f the c l i e n t s i n mode 1 of category i 

r e c e i v e a t o t a l of r . , , u n i t s of resou r c e k and the 
i l k 

i d e a l i s U.,, u n i t s per person, the quota q_, -, i s i l k i l k 
define d by: 

q i l k = r i l k 

X i l k U i l k 

Here the amounts r . . , and x are obtained from 
i l k i l k 

the survey data and the U. n i are defined by the J i l k J 

P.A.G. 
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Coverage i s the number of people r e c e i v i n g c a r e 

expressed as a percentage of the number of 

p o t e n t i a l c l i e n t s . 

I . e . c. = x. where c. i s the coverage i n 
1 1 1 & 

d. category i , 

x. i s the number of c l i e n t s 1 

i n category i who are 

r e c e i v i n g c a r e , and 

d. i s the number of c l i e n t s 1 

i n category i who are i n 

need of c a r e . 

Here the amounts x. are obtained from the survey 
1 J 

data and the d^ are c a l c u l a t e d by the p r o j e c t team 

u s i n g a v a i l a b l e , non-survey data. 

" i d e a l package e q u i v a l e n t s " are used f o r comparisons 

of resource p r o v i s i o n . They r e p r e s e n t the c o s t of 

pr o v i d i n g a package of care at c u r r e n t standards 

expressed as a percentage of the cos t of p r o v i d i n g 

t h a t package at i d e a l standards. 

I . e . v . 
represents the 

1 » 4— k l .lk 

number of i d e a l package e q u i v a l e n t s provided for 

category i , where i s the c o s t per u n i t of 

resour c e k, 

r . , , i s the amount of re s o u r c e k a l l o c a t e d to i l k 
mode 1 of category i , and 

U.,, i s the i d e a l amount of resource k per c l i e n t i l k 
f o r mode 1 of category i . 
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Here the amounts r . ,, are obtained from the survey i l k 
data and C, , U.,, are defined by P.A.G. k i l k J 

4.4.5 Segment 2 

Segment 2 p r o j e c t s forward the c u r r e n t use of 

re s o u r c e s by i n c r e a s i n g them i n the proportion by 

which the population of p o t e n t i a l c l i e n t s i s expected 

to grow i n order to give an estimate of the t o t a l 

f uture requirements by resource type. 

Although the c a l c u l a t i o n method i s not d e t a i l e d i n 
5.6 

the D.H.S.S. p u b l i c a t i o n s , i t seems l i k e l y t h a t 

the i n c r e a s e s are c a l c u l a t e d as f o l l o w s : 

d. l 

where r., i s the t o t a l amount of r e s o u r c e k c u r r e n t l y l k 

a l l o c a t e d to c l i e n t s i n category i , 

dj i s the c u r r e n t s i z e of the c l i e n t population 

i n category i , and 

&( i s the f u t u r e s i z e of the c l i e n t population 

estimated f o r category i , 

and B', i s the estimated f u t u r e requirement f o r k 
resource k . 

Quotas, coverage and i d e a l package e q u i v a l e n t s are 

c a l c u l a t e d i n the same way as i n Segment 1. 

4. 4. 6 Segment 3 

Segment 3 s i m u l a t e s the a l l o c a t i o n of f u t u r e r e s o u r c e s 

given the t o t a l a v a i l a b i l i t y of each r e s o u r c e and 

information on geographic a v a i l a b i l i t y . A l l o c a t i o n 
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i s done i n h i e r a r c h i c a l f a s h i o n whereby r e s o u r c e s 

are a l l o c a t e d to geographic u n i t s ( g ) , followed by 

c l i e n t group ( J ) , followed by c a t e g o r i e s ( i ) and 

f i n a l l y modes ( 1 ) . L a s t l y the e f f e c t s on quota 

and coverage are determined. 

The S.P.R.A.M. (Simple p r o p o r t i o n a l r e s o u r c e 

a l l o c a t i o n model) method of a l l o c a t i o n i s used 

throughout with " p r e s s u r e s " due to population changes, 

For each r e s o u r c e , k, the a l l o c a t i o n i s thus: 

t 
rgk = Bk 

where r i s the c u r r e n t a l l o c a t i o n of r e s o u r c e k 

to geographic u n i t g, 

d i s the c u r r e n t s i z e of the c l i e n t population 
g 

i n geographic u n i t g, 

and a prime denotes the f u t u r e s i z e of a 

v a r i a b l e , so that B,' i s the f u t u r e amount of 
k 

resource k a v a i l a b l e . 

T h i s a l l o c a t i o n i s d e r i v e d from the fundamental 

assumption that " f i e l d - w o r k e r s ' behaviour i s 

such t h a t , i f populations of geographic u n i t s 

remain the same but r e s o u r c e l e v e l s change, they 

give a constant p r o p o r t i o n of each r e s o u r c e to 

each geographic u n i t . " I f , a d d i t i o n a l l y , 

populations change,then the f u r t h e r assumption 

i s made that "these above proportions are s c a l e d 

correspondingly i n response to the population 

' p r e s s u r e s ' . " 
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The p r o p o r t i o n a l a l l o c a t i o n i s shown as f o l l o w s : 

I f geographic u n i t s of population ( at i d e a l 

cover) r e c e i v e r amounts of a resource r and the 
g 

populations of these geographic u n i t s change 

demographically over a pe r i o d of time to d' and 
g 

the r e s o u r c e a v a i l a b i l i t y changes from 7 r = R 

T g 

to R , then the amounts of reso u r c e r e c e i v e d , r g 
w i l l be such t h a t : 

(dg /dg) f o r a l l g,h. 
(dh* /dh) 

(1) 

Hence r _h constant, K f o r a l l g,h 

So / 

K and ^ r = R , h h 

Thus r ' 
g 

h \dh / 

hence K 

Applied to resource k having a f u t u r e a v a i l a b i l i t y B k , 

t h i s g i v e s r = Bk 
gk \dg gk (2) 

h\dh 

The same type of a l l o c a t i o n procedure i s used f o r 

the next l e v e l of a l l o c a t i o n , i . e . to c l i e n t groups j . 

Thus the amount r 1 of r e s o u r c e k a l l o c a t e d to gk 

geographic u n i t g i s now shared out amongst the 

c l i e n t groups i n t h a t geographic u n i t . 
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i . e . r ' = r ' / ^ . r N 
j g * gk \ <U jgky 

Here j r e p r e s e n t s a p a r t i c u l a r c l i e n t group and J 

r e p r e s e n t s each c l i e n t group i n tu r n . 

F u r t h e r a l l o c a t i o n of reso u r c e s to c a t e g o r i e s and 

modes i s performed only for those c l i e n t groups of 

"primary planning i n t e r e s t " . 

The same a l l o c a t i o n procedure i s used for c l i e n t 

c a t e g o r i e s , i , so t h a t the amount r * of re s o u r c e 
J g*5 

k a l l o c a t e d to c l i e n t group j w i t h i n geographic u n i t 

g i s now shared out amongst the c a t e g o r i e s i n that 

c l i e n t group. 

i . e . d i jgk ! i j g k Jgk d i 
d i I j g k di 

F i n a l l y f o r modes of c a r e , 1 , the amount r , . , 
i j g k 

of r e s o u r c e k a l l o c a t e d to c l i e n t category i w i t h i n 

group j and geographic u n i t g i s now shared out 

amongst the modes i n that c l i e n t category. I n t h i s 

c ase the a l l o c a t i o n depends upon the d e f i n i t i o n 

of a dominant r e s o u r c e i n each mode of c a r e . The 

s e l e c t i o n of the dominant r e s o u r c e must be made 

by the planners f o r each mode of car e a v a i l a b l e 

f o r each category of c l i e n t . 

I f A l i s the amount of the dominant resource 
c u r r e n t l y a l l o c a t e d to mode 1 f o r category i and£x^ 
i s the amount of the same re s o u r c e c u r r e n t l y 
a l l o c a t e d to mode L, then u s i n g the SPRAM method, 

A i = *Vjgk _ A i 
L U 
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Here^^k r e p r e s e n t s the f u t u r e a l l o c a t i o n of the 1 

dominant resource k for mode 1 of category i , group 

j and geographic u n i t g. 

As f a r as p o s s i b l e the other (non-dominant) r e s o u r c e s 

w i l l be a l l o c a t e d to that mode in proportion to t h e i r 

past a l l o c a t i o n weighted by the i n c r e a s e in a v a i l a b i l i t y 

of the dominant r e s o u r c e . The i n t e n t i o n i s to maintain 

balanced packages of c a r e . 

Thus, i f M.., i s the amount of the K t h non-dominant ' k l 

r e s o u r c e c u r r e n t l y a l l o c a t e d to mode 1, then the 

fut u r e a l l o c a t i o n w i l l be: 

L l A L / 
The a l l o c a t i o n procedure thus l i m i t s the degree of 

i n t e r a c t i o n between d i f f e r e n t components of the model. 

The model i s acknowledged to be i n a c c u r a t e because i t 

ignores c e r t a i n types of i n t e r a c t i o n s and p r e s s u r e s 

(See S e c t i o n s 4.6.8, 4.6.9), but i t s modular s t r u c t u r e 

would permit more complex procedures to be in c o r p o r a t e d . 

4.4.7 Quotas and Covera ,e 

The a l l o c a t i o n s of r e s o u r c e s to geographic u n i t s , 

groups, c a t e g o r i e s and modes of care have thus f a r 

been measured i n u n i t s of each i n d i v i d u a l r e s o u r c e . 

These r e s o u r c e s now need to be shared amongst the 

c l i e n t s to determine the number of c l i e n t s t r e a t e d 

and the standard of c a r e r e c e i v e d . At one extreme 

i s a f i x e d standard of ca r e with the number of c l i e n t s 

t r e a t e d being c a l c u l a t e d from the resou r c e a v a i l a b i l i t y 
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so that the coverage depends upon the amount of 

resource a l l o c a t e d . At the other extreme i s a 

f i x e d coverage so that a f i x e d proportion of c l i e n t s 

r e c e i v e the s e r v i c e and the standard of care given 

depends upon the amount of resource a l l o c a t e d . 

A quota/coverage t r a d e - o f f parameter A i s used to 
k 

s p e c i f y the r e q u i r e d t r a d e - o f f s f o r each r e s o u r c e k> 

A value of A =1 i m p l i e s that a l l c l i e n t s i n a mode 
k 

w i l l r e c e i v e some amount of resource k whereas a 

value of \ =0 i m p l i e s that some c l i e n t s w i l l r e c e i v e 

the f u l l standard of c a r e of resource k whereas the 

remaining c l i e n t s i n that mode w i l l r e c e i v e none of 

resource k. The planners need to s p e c i f y the value 

o f X k f o r each r e s o u r c e . 

The a l l o c a t i o n i s thus: 

and 

A U i k l i k l i k l 
/ d 

i k l ikL i k l 
/ d 

where u., , u., , are the average amounts of resource k l k l , l k l 

a l l o c a t e d c u r r e n t l y and i n f u t u r e r e s p e c t i v e l y to 

c l i e n t s i n category i and mode 1; 

x x ' are the numbers of c l i e n t s i n category i i k l , l k l 

and mode 1 c u r r e n t l y and i n f u t u r e r e s p e c t i v e l y 

r e c e i v i n g r e s o u r c e k; 
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r., r / are the amounts of resource k a l l o c a t e d i k l f l k l 

c u r r e n t l y and in f u t u r e r e s p e c t i v e l y 

to c l i e n t s i n category i and mode 1; 

d. d / are the population s i z e s of category i 
i ) 1 

c u r r e n t l y and i n f u t u r e r e s p e c t i v e l y ; 

and 0 .< "X̂  N< 1. 

From t h i s a l l o c a t i o n i t can be seen that the coverage 

of resource k f o r category i i n f u t u r e w i l l be 

c' = y x i k l 
T 

d i 

The extreme case of Xk= 0 (coverage changing at f i x e d 

s t andards) leads to the a l l o c a t i o n s : 

U i k l = | . 0 C i • e • Average a l l o c a t i o n per c l i e n t 
u i k l remains f i x e d ) 

and x' r ' ( i . e . No. of c l i e n t s r e c e i v i n g i k l " i k l 
~ resource k v a n e s i n 

X i k l r i k l proportion to the amount 
of the r e s o u r c e a l l o c a t e d . ) 

At the other extreme, w h e n ^ = 1 (standards changing 

at f i x e d c o verage), the a l l o c a t i o n s are: 

n ' r ' / r i k l = i k l / i k l ( i . e . Average a l l o c a t i o n 
d ' I d. P e r c l i e n t v a r i e s i n 
^ * proportion to the 

amount of the r e s o u r c e 
a l l o c a t e d and to the 
change i n population.) 

U i k l 

and x , d. ( i . e . No. of c l i e n t s r e c e i v i n g l k l = i i . •, 
r e s o u r c e k v a r i e s only 

x. l k l d. with change i n population.) 
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For modes which use many r e s o u r c e s there i s a problem 

concerning the l i k e l y e f f e c t on a mode i f the a v a i l ­

a b i l i t i e s of i t s c o n s t i t u e n t r e s o u r c e s change by 

d i f f e r e n t amounts. In t h i s case one resource i s 

chosen as a dominant reso u r c e and the number, 

' = x i l k ' °* c l i e n t s i n category i and mode 1 

a l l o c a t e d t h i s r e s o u r c e k i s determined u s i n g the 

chosen quota/coverage t r a d e - o f f parameter. The same 

number of c l i e n t s i s then a l l o c a t e d the other 

r e s o u r c e s c o n s t i t u t i n g the mode of c a r e . Then the 

average a l l o c a t i o n s per c l i e n t for the non-dominant 

r e s o u r c e s are obtained from the e x p r e s s i o n : 

U / k l = l i k ^ 
x ' 
X i l 

4.4. 8 Resource I n t e r a c t i o n 

I n t e r a c t i o n s between r e s o u r c e s occur when d i f f e r e n t 

r e s o u r c e s e x i s t which are s u b s t i t u t e s and which tend 

to compensate fo r changes i n the a v a i l a b i l i t y of one 

another. For example, i f a category l o s e s a l a r g e 

p a r t of i t s a l l o c a t i o n of h o s p i t a l beds i t may tend 

to use more day c a r e such as day c e n t r e p l a c e s . 

S i n c e the a l l o c a t i o n of r e s o u r c e s takes p l a c e at the 

l e v e l of c a t e g o r i e s of c l i e n t s before the l e v e l of 

mode-of-care, the D.H.S.S. model needs to t r e a t the 

a l l o c a t i o n of r e s o u r c e s h i e r a r c h i c a l l y so that 

r e s o u r c e s such as h o s p i t a l beds are a l l o c a t e d before 

day c e n t r e p l a c e s . The model i s e q u i v a l e n t to assuming 

that the i d e a l cover f o r each category i s i n e f f e c t 

reduced by the number of people cared f o r by those 
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groups of reso u r c e s a l r e a d y a l l o c a t e d . T h i s i m p l i e s 

that e s t i m a t e s of i d e a l cover can be made. 

In the D.H.S.S. d e s c r i p t i o n , four types of resource 

i n t e r a c t i o n are d i s c u s s e d : complete, p a r t i a l , r e v e r s e 

and other. Methods of d e a l i n g with complete and 

p a r t i a l resource i n t e r a c t i o n s are d i s c u s s e d which do 

not need esti m a t e s of i d e a l cover to be made. These 

methods are extensions of the p r o - r a t a arrangements 

of SPRAM and i n essence average out the r e s u l t s of a 

s e r i e s of resource i n t e r a c t i o n e f f e c t s . No method 

i s given f o r r e v e r s e i n t e r a c t i o n s s i n c e i t i s u n l i k e l y 

to be a major e f f e c t but f o r "other" i n t e r a c t i o n s , 

mainly between d o m i c i l i a r y r e s o u r c e s , the s i t u a t i o n 

i s regarded as extremely complex and d i f f i c u l t to 

model, so that f o r the p i l o t model the whole e f f e c t i s 

ignored, on the grounds t h a t "the f a i r l y s i m i l a r 'shapes 

of modes ac r o s s a l l the c a t e g o r i e s of the e l d e r l y c l i e n t 

group mean that these p r e s s u r e s w i l l have l i t t l e e f f e c t 

on the a l l o c a t i o n of care to c a t e g o r i e s " and that " i t 

i s always p o s s i b l e f o r planners to o v e r r i d e the model 

and impose t h e i r own views". 

T h i s s e p a r a t i o n of re s o u r c e s and p a r t i t i o n i n g of c l i e n t s 

i n modes of care at the outset c h a r a c t e r i s e the major 

d i f f e r e n c e s between the SPRAM model and the mathematical 

programming models such as the author's l i n e a r 

programming model with a l t e r n a t i v e modes of care 

d e s c r i b e d i n Chapter 5. 
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4.4.9 S a t u r a t i o n E f f e c t s 

S a t u r a t i o n e f f e c t s are those which occur when a category 

r e c e i v e s a resource at c l o s e Lo i d e a l standards and 

begins to take a s m a l l e r share than p r e v i o u s l y of any 

a d d i t i o n a l resource which i s made a v a i l a b l e . Such 

e f f e c t s could become important when a category has 

c l o s e to i d e a l coverage. 

In order to take some account of s a t u r a t i o n e f f e c t s , a 

simple c o n s t r a i n t i s used to prevent the resource 

a l l o c a t i o n s r i s i n g above i d e a l standards. Each group 

of r e s o u r c e s i s a l l o c a t e d i n tu r n , f o r example 

i n s t i t u t i o n a l r e s o u r c e s before d o m i c i l i a r y r e s o u r c e s . 

The a d d i t i o n a l c o n s t r a i n t i s i n c l u d e d : t h a t cover f o r 

c a t e g o r i e s should not exceed the maxima or " i d e a l " 

c o v e r s, d^ , f i r s t l y f o r the i n s t i t u t i o n a l r e s o u r c e s . 

A l l o c a t i o n of the d o m i c i l i a r y r e s o u r c e s then f o l l o w s , 

with the c o n s t r a i n t that the a l l o c a t i o n of any 

d o m i c i l i a r y resource k should not exceed 

(max M ) • (d. - I . ) , 1 l k l l l 

where I i s the number of c l i e n t s a l l o c a t e d to l 
i n s t i t u t i o n a l c a r e , and 

M.r1 i s the maximum l i k e l y use of the k t h r e s o u r c e l k l J 

by a c l i e n t i n the 1th mode of category i 

(probably t h i s would be s e t to the i d e a l 

standard U., . .) 
l k l 

Depending on the a l l o c a t i o n of r e s o u r c e s to modes of 

care w i t h i n c a t e g o r i e s , i t i s p o s s i b l e t h a t there may 

s t i l l be some excess of a d o m i c i l i a r y resource f o r a 

category. I n t h i s case the t o t a l cover would be 
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c o n s t r a i n e d to d i by s c a l i n g down the c a l c u l a t e d 

covers i n the d o m i c i l i a r y modes as ne c e s s a r y and 

al l o w i n g the quotas to r i s e i n compensation ( t h e r e 

being tio evidence of c e i l i n g s for quotas coming i n t o 

e f f e c t ) . 

S a t u r a t i o n e f f e c t s are expected to occur only r a r e l y 

so more complex models have not been developed. A 

d i s c u s s i o n of a p o s s i b l e method i s i n c l u d e d i n the 
26 

D.H.S.S. d e s c r i p t i o n as the "per c e i v e d need" 

hypothesis, which requires e s t i m a t e s to be made of 

per c e i v e d i d e a l standards and cover f o r each c l i e n t 

category. 
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4.4.10 Segment 4 

Segment 4 of the model al l o w s e x p l o r a t i o n of the e f f e c t s 

on p a t t e r n s of care of changes i n p l a n n e r s ' p o l i c i e s as 

represented by d e c i s i o n parameters and c o n s t r a i n t s . 

D e c i s i o n parameters r e p r e s e n t the p o l i c y of i n c r e a s i n g 

or d e c r e a s i n g the p r o p o r t i o n a l resource share of 

v a r i o u s groupings of c l i e n t s . The d e c i s i o n parameters 

can be entered at v a r i o u s l e v e l s of the a l l o c a t i o n 

h i e r a r c h y : geographic u n i t s , c l i e n t groups, c l i e n t 

c a t e g o r i e s , modes of c a r e . They provide an e x t r a 

" p r e s s u r e " which a f f e c t ( s ) the p r o p o r t i o n a l a l l o c a t i o n 

of the model. 

C o n s t r a i n t s are used where i t i s f e l t t h a t the 

p r o p o r t i o n a l a l l o c a t i o n i s not appropriate on i t s own. 

C o n s t r a i n t s can be entered a t each l e v e l of the a l l o c a t i o n 

h i e r a r c h y and can c o n s t r a i n e i t h e r amounts of r e s o u r c e s or 

quotas, for example a p a r t i c u l a r c l i e n t category should 

not r e c e i v e more than 14 home help hours per week i n 

t o t a l . 

The a l l o c a t i o n procedure i n Segment 4 i s the same as i n 

Segment 3 except to take account of the d e c i s i o n para­

meters and c o n s t r a i n t s . At each stage the SPRAM method 

of a l l o c a t i o n i s used, f o r example to geographic u n i t s , 

then these a l l o c a t i o n s are a d j u s t e d to s a t i s f y any us e r 
25 26 

c o n s t r a i n t s . The D.H.S.S. d e s c r i p t i o n s do not 

d e s c r i b e i n d e t a i l how the a l l o c a t i o n s are a d j u s t e d . 

I t may be assumed that an i t e r a t i v e procedure i s used 

to compare each of the a l l o c a t i o n s , e.g. f o r geographic 

u n i t s , Ti , with the maximum c o n s t r a i n e d amount X? 
gk / S« 
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and then to a d j u s t the amounts as follo w s : 

r 

where r", r e p r e s e n t s the ad j u s t e d a l l o c a t i o n of 

resour c e k to geographic u n i t g , 

B/ r e p r e s e n t s the t o t a l amount of re s o u r c e k k 

a v a i l a b l e i n f u t u r e , and 

j r e p r e s e n t s any geographic u n i t whose 

i n i t i a l a l l o c a t i o n r ' exceeds the 
Jk 

maximum c o n s t r a i n e d amount y ^ J k 

T h i s example i s shown f o r c o n s t r a i n t s of the maximum 

type; s i m i l a r arrangements could be made f o r minimum 

type c o n s t r a i n t s . 

The d e c i s i o n parameters are s c a l i n g parameters 

which can be used to model the e f f e c t of trends i n the 

way i n which d i f f e r e n t r e s o u r c e s , k, are used f o r 

d i f f e r e n t c a t e g o r i e s , i , of c l i e n t s . I t i s suggested 
26 

(D.H.S.S. ) that t h i s f a c i l i t y i s l i k e l y to be used 

only s p a r i n g l y s i n c e "the planners may need c o n s i d e r a b l e 

s p e c i a l i s t a s s i s t a n c e i n understanding the i m p l i c a t i o n s 

of a l t e r n a t i v e e s t i m a t e s of the d e c i s i o n parametersoZ. , 
l k 

i n order to choose ' l i k e l y ' v a l u e s " . 

The way i n which the d e c i s i o n parameters are used i s 

to take the b a s i c SPRAM assumption, f o r example 

equation (1) of S e c t i o n 4.4.6 f o r a l l o c a t i o n of r e s o u r c e 

k to geographic u n i t s : 
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rgk _ rgk ( dg /dg.) 

I k rhk ( d ^ / d h ) 

and to applv the s c a l i n g parameters jx as follov 

rgk --I Agk \ / r g k \ /dg /dg 
r!, Vy^hk/Vhk/ \dn /dh hk 

T h i s leads to the a l l o c a t i o n equation as f o l l o w s , 

comparable with equation (2) of S e c t i o n 4.4.6: 

rgk = B k ' ! ^ g k ' ^ ' P g k ) 

S l l 
^J/*hk . dh .Hik) 
K dh 

Here a value of/- Agk= 0 i m p l i e s that none of r e s o u r c e k 

should be a l l o c a t e d to geographic u n i t <* ̂ Agk = 1 

i m p l i e s that there should be no change i n the way 

resource k i s a l l o c a t e d to u n i t g^/^gk = 2 would 

imply a doubling of the r e s o u r c e a l l o c a t i o n j / ^ - g k - i 

would imply h a l v i n g the r e s o u r c e a l l o c a t i o n ; and so on. 

S i m i l a r d e c i s i o n parameters are a p p l i c a b l e at the other 

a l l o c a t i o n l e v e l s of c l i e n t group, category and mode 

of c a r e . 

Another change i n p r o f e s s i o n a l p r a c t i c e which i s 

given c o n s i d e r a t i o n i s t h a t of the i n t r o d u c t i o n of 

a new r e s o u r c e , but i n the i n i t i a l implementations 

of t h i s model i t i s assumed that t r a n s f o r m a t i o n of 

the data about the c u r r e n t spread of c a r e to r e p r e s e n t 

the e f f e c t of i n c l u d i n g a new kind of r e s o u r c e would 

be done manually. I t i s suggested that i t would be 

p o s s i b l e to i n c l u d e an option i n the model such t h a t 
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planners could express t h e i r use of new re s o u r c e s 

i n s p e c i f i e d ways, f o r example as some average of 

other r e s o u r c e s . 

4.4.11 Segment 5 

Segment 5 of the model would analyse which reso u r c e 

mixes are "best-buys". Segments 5 and 6 are regarded 

as " o p t i m i s a t i o n " segments i n c o n t r a s t to the " s i m u l a t i o n " 
25 26 

segments 3 and 4. The D.H.S.S. d e s c r i p t i o n s d e s c r i b e 

a f e a s i b l e design f o r Segments 5 and 6 but the model 

had not at that stage been c o n s t r u c t e d . The procedure 

suggested i s to compare the amounts of each r e s o u r c e 

c u r r e n t l y being used f o r each category of c l i e n t with 

the t o t a l amounts of r e s o u r c e s r e q u i r e d to t r e a t each 

c l i e n t ( c u r r e n t l y r e c e i v i n g some c a r e ) at " i d e a l " 

standards at minimum c o s t . T h i s should i n d i c a t e which 

i n s t i t u t i o n a l r e s o u r c e , or package of d o m i c i l i a r y 

r e s o u r c e s , would most i n c r e a s e the quotas or coverage 

of a l l r e s o u r c e s per u n i t of c o s t . More c o s t - e f f e c t i v e 

p a t t e r n s of care may then be achieved by a l t e r i n g the 

mix of r e s o u r c e s . 

Thus for each category of c l i e n t , the model would 

c a l c u l a t e ( i ) the c u r r e n t c o s t of pr o v i d i n g r e s o u r c e s , 

and ( i i ) f o r each a l t e r n a t i v e mode of c a r e , the 

c o s t per c l i e n t of pr o v i d i n g " i d e a l " 

standards of each resource r e q u i r e d by 

that mode. 

The model would then s e l e c t and re p o r t on that r e s o u r c e 

mix forming the minimum c o s t mode of c a r e f o r each 

c l i e n t category. 
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T h i s c o s t minimisation i s s a i d to lead (D.H.S.S. ) 

to options which are no d i f f e r e n t i n p r a c t i c e from 

"maximising quotas at f i x e d c o s t " . 

The r e s o u r c e mix forming the minimum c o s t mode of ca r e 

for each c l i e n t category would be found i n the f o l l o w i n g 

way: 

For each category of c l i e n t which can use a given 

r e s o u r c e , the " s a v i n g " of other r e s o u r c e s which can be 

made by us i n g t h i s r e s o u r c e , k , i n a p a r t i c u l a r mode,1, 

is S - G - (H-Z C ^ ) , as f o l l o w s , 

2 

where H = cos t per c l i e n t of the i mode of c a r e 

C, = u n i t c o s t of resou r c e k, k 

a = number of u n i t s of re s o u r c e k used per c l i e n t 

i n mode 1 , 

G = c o s t per c l i e n t of the cheapest a l t e r n a t i v e 

mode which does not use resou r c e k, 

hence (H-a C ) = cost per c l i e n t of the 1th mode, 

exc l u d i n g c o s t of resou r c e k, i . e . 

c o s t of a l l other r e s o u r c e s ; 

and G-(H-a C ) = d i f f e r e n c e or s a v i n g of other r e s o u r c e s , k 
and S = G-(H-a C ) = s a v i n g of other r e s o u r c e s per l k k 

a u n i t of resou r c e k i n mode 1. 

The problem i s to maximise the s a v i n g S.., , but t h i s i s 
lk 

the same as minimising (H-G ) . 
a -

Thus the resource k would be a l l o c a t e d to the mode 1 

fo r which (H-G) i s l e a s t , 
a 

The a c t u a l a l l o c a t i o n s suggested by the o p t i m i s a t i o n 
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model would be expected to be f r e q u e n t l y u n a t t a i n a b l e 

i n p r a c t i c e but they would provide ideas f o r where 

improvements might be made. The s i m u l a t i o n model 

(Segment 3) would then be used to d i s c o v e r what i s 

p r a c t i c a b l e . 

4.4.12 Segment 6 

Segment 6 of the model would analys e which are the 

"be s t " ways to a l l o c a t e a given s e t of r e s o u r c e s , so 

that c l i e n t s might be r e - d i s t r i b u t e d amongst the modes 

of c a r e i n order to use the most c o s t - e f f e c t i v e ways 

of u s i n g the a v a i l a b l e r e s o u r c e s . 

The proposed procedure i s to put the reso u r c e s i n t o a 

sequence which i s based on the cos t of t r e a t i n g c l i e n t s 

at " i d e a l " standards i n a t y p i c a l mode usi n g the 

res o u r c e , the f i r s t r e s o u r c e i n the sequence being 

t h a t having the hi g h e s t c o s t per c l i e n t . The r e s o u r c e s 

would be a l l o c a t e d i n th a t sequence to those c a t e g o r i e s 

whose cheapest mode usi n g other r e s o u r c e s has the 

hi g h e s t c o s t . Thus i n s t i t u t i o n a l r e s o u r c e s , f o r 

example, would be a l l o c a t e d to c l i e n t s i n the most 

dependent c a t e g o r i e s , i . e . those who would r e q u i r e 

most ca r e i n d o m i c i l i a r y modes. 

I t i s suggested that r e s u l t s of t h i s procedure could 

be compared with a run of Segment 3 so th a t planners 

might i d e n t i f y any major d i f f e r e n c e s between the 

r e s u l t s and hence any major o p p o r t u n i t i e s f o r improving 

the c o s t - e f f e c t i v e n e s s of p a t t e r n s of c a r e . 
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4.4.13 Summary 

I t i s c l e a r that t h i s model provides an e a s i l y under­

standable means of a l l o c a t i n g r e s o u r c e s amongst the 

var i o u s groupings of c l i e n t s . The method i s d i s t i n c t l y 

d i f f e r e n t from that used i n the o r i g i n a l Balance of 

Care model (see S e c t i o n 4.2), being based on the 

Simple P r o p o r t i o n a l assumption (SPRAM). The D.H.S.S. 

and Arthur Andersen authors are co n f i d e n t that i t s 

r e s u l t s are as good as the o r i g i n a l model and w i l l be 

much e a s i e r to implement. Since the model i s dependent 

on c u r r e n t c a r e p a t t e r n s c o n t i n u i n g , the a l l o c a t i o n of 

c l i e n t s to modes of c a r e appears to be r e s t r i c t i v e : 

u n l e s s the planners choose to r e - a s s i g n c l i e n t s to 

d i f f e r e n t modes of c a r e , the p r o p o r t i o n a l a l l o c a t i o n s 

of r e s o u r c e s to modes of ca r e remain unchanged. T h i s 

i m p l i e s a degree of i n f l e x i b i l i t y which i s not present 

i n those models which t r a n s f e r c l i e n t s between a l t e r n a t i v e 

modes of care when the re s o u r c e l e v e l s are i n s u f f i c i e n t 

f o r c a r e to continue i n the i n i t i a l modes of c a r e . 

The amount of resou r c e a l l o c a t e d to a p a r t i c u l a r mode 

of c a r e can vary a c c o r d i n g to the r e s o u r c e s a v a i l a b l e : i t i s 

then up to the planners to choose the balance of quota and 

coverage which r e s u l t s i n the i n d i v i d u a l c a r e given to 

each c l i e n t . The i m p l i c a t i o n here i s th a t not only can 

the l e v e l s of ca r e given to a p a r t i c u l a r mode a l t e r : 

so a l s o can the l e v e l of ca r e between one c l i e n t and 

another i n the same mode. T h i s i s d i f f e r e n t from the 

s p e c i f i c a t i o n i n some of the other models (e.g. the 

l i n e a r programming model with a l t e r n a t i v e modes of 

ca r e ( see Chapter 5) or the d e c i s i o n algorithm model 
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(see S e c t i o n 4.5) where the d e f i n i t i o n of each mode 

of care i m p l i e s a c e r t a i n f i x e d standard of care or 

a l l o c a t i o n of r e s o u r c e s to each c l i e n t placed i n that 

mode. In these s p e c i f i c a t i o n s the l e v e l of care 

given to a p a r t i c u l a r mode does not a l t e r : i n s t e a d 

the number of c l i e n t s a l l o c a t e d to a mode may be 

a l t e r e d i f i t i s not p o s s i b l e to a l l o c a t e s u f f i c i e n t 

r e s o u r c e s to care f o r a l l c l i e n t s i n the mode at the 

f i x e d standard for th a t mode. Ne v e r t h e l e s s , i t would 

s t i l l be p o s s i b l e f o r s o c i a l workers to vary the 

amount of care r e c e i v e d by i n d i v i d u a l c l i e n t s , i . e . 

to choose an appropriate balance of quota and coverage, 

s i n c e the a l l o c a t i o n i s made i n terms of number of 

c l i e n t s to each mode of c a r e together with the 

r e q u i r e d l e v e l of r e s o u r c e s to t r e a t those c l i e n t s 

i n t h a t mode. 
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4.5 The D e c i s i o n Algorithm Model 

4.5.1 I n t r o d u c t i o n 

In p a r a l l e l with the development of the DHSS 

Balance of Care models d e s c r i b e d i n s e c t i o n s 

4.2 and 4.4 above, the N a t i o n a l Health S e r v i c e 

O p e r a t i o n a l Research Group (now known as 

the Health O p e r a t i o n a l Research Unit) was 

i n v e s t i g a t i n g the care of the e l d e r l y i n 

C a l d e r d a l e . R e s u l t s of the i n v e s t i g a t i o n 

are d e s c r i b e d i n " A s s e s s i n g Care Requirements 

of E l d e r l y People" published by the Health 

31 
O.R. Uni t . A more d e t a i l e d d e s c r i p t i o n 

31 

i s provided by R.G. Howell and C.J. 

Parker i n " A s s e s s i n g Care Requirements of 

E l d e r l y People i n C a l d e r d a l e " . 

I n i t i a l l y the i n v e s t i g a t i o n had included an 

e x t e n s i v e survey of a l l e l d e r l y people i n 

C a l d e r d a l e who were r e c e i v i n g some form 

of h e a l t h or l o c a l a u t h o r i t y care at a point 

of time i n 1977. The survey was undertaken 

by p r o f e s s i o n a l s t a f f who were i n v o l v e d i n 

d e l i v e r i n g c a r e to the e l d e r l y and i t was 

nece s s a r y to develop a c l a s s i f i c a t i o n system, 

f o r a s s e s s i n g e l d e r l y people's requirements 

f o r c a r e , which could be used by a l l the 

p r o f e s s i o n a l s t a f f i r r e s p e c t i v e of t h e i r 

d i s c i p l i n e . 

Two aspects of the work are d e s c r i b e d by 

Howell and Parker : par t 1 d e s c r i b e s the use 
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of the c l a s s i f i c a t i o n system i n the formulation 

of p o l i c i e s and plans for the care of e l d e r l y 

people i n t h e i r own homes and i n r e s i d e n t i a l 

c a r e ; p a r t 2 d e s c r i b e s the use of the system 

at the o p e r a t i o n a l l e v e l i n Todmorden, as a 

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

and placement d e c i s i o n s . 

The c l a s s i f i c a t i o n system was based on seven 

f a c t o r s : four f a c t o r s concerning the p h y s i c a l 

h e a l t h of the e l d e r l y person, v i z . 

mental s t a t e , 

a b i l i t y (to undertake househould and p e r s o n a l 
c a r e ) , 

m o b i l i t y , 

i n c o n t i n e n c e , 

and t h r e e f a c t o r s which d e s c r i b e the home 

environment, v i z . 

housing, 

s o c i a l environment, 

s o c i a l support from family/neighbours. 

For each f a c t o r a range of between two and four 

p o s s i b l e r a t i n g s was defined, f o r example 

mental s t a t e could be r a t e d as 

(a) Normal 

or (b) Mild dementia 

or ( c ) Moderate/Severe dementia 

F i g u r e 4.5.1.1 shows the range of p o s s i b l e 

r a t i n g s f o r each f a c t o r . I t i s p o s s i b l e to 

generate 4608 d i f f e r e n t groups by combining 
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F i g u r e 4.5.1.1. Range of p o s s i b l e r a t i n g s for each f a c t o r 

T PHYSICAL FACTORS 

Mental S t a t e a. 
b. 
c. 

A b i l i t y 1. 
2. 
3. 
4. 

M o b i l i t y A. 
B. 

C. 
D. 

Incontinence 1. 
2. 
3. 
4. 

I I ENVIRONMENTAL FACTORS 

P h y s i c a l 
Environment 

S o c i a l 
Environment 

S o c i a l Support 
from Family/ 
Neighbours 

G. 
P. 

A. 
S. 
0. 

E. 

W. 
L. 

N. 

Normal 
Mild dementia 
Moderate/severe dementia 

Unimpaired 
Impaired and minor handicap 
Appreciable - severe handicap 
Very severe handicap 

No d i f f i c u l t y 
Can get out of house, with a i d s , 

or with d i f f i c u l t y / a s s i s t a n c e 
Housebound, but can get around house 
C h a i r f a s t or bedfast 

Continent 
S l i g h t l y i n c o n t i n e n t 
Moderately i n c o n t i n e n t 
S e v e r e l y i n c o n t i n e n t 

Good housing 
Poor housing 

L i v i n g alone 
L i v i n g with spouse only 
L i v i n g with others 

E i t h e r f i t person l i v i n g i n same house 
or someone prepared to v i s i t every 
day 

Someone prepared to v i s i t weekly 
Someone prepared to v i s i t l e s s than 

weekly 
No-one prepared to v i s i t at a l l 
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a l l the r a t i n g s on each of the seven f a c t o r s . 

C l e a r l y t h i s i s too l a r g e a number of groups 

to co n s i d e r i n d i v i d u a l l y , so the work focussed 

on reducing the number tc a reasonable l e v e l , 

w h i l s t r e t a i n i n g s u f f i c i e n t d e t a i l to 

d i s c r i m i n a t e between the groups, so that an 

assessment could be made of the c a r e requirements 

of t y p i c a l members of each group. 

4.5.2 The D e c i s i o n Tree 

A S t e e r i n g Group had been s e t up i n C a l d e r d a l e 

i n c l u d i n g among i t s membership s t a f f i n the 

Health and L o c a l A u t h o r i t i e s , r e p r e s e n t i n g 

the d i f f e r e n t p r o f e s s i o n a l i n t e r e s t s , and 

t e c h n i c a l support s t a f f from the NHS O.R. Group. 

The p r o f e s s i o n a l s t a f f were a l l i n v o l v e d i n 

p r o v i d i n g c a r e f o r e l d e r l y people and i n c l u d e d 

a general p r a c t i t i o n e r , a housing o f f i c e r , a 

community medicine s p e c i a l i s t , a g e r i a t r i c i a n , 

a d i s t r i c t n u r s i n g o f f i c e r and a h e a l t h a u t h o r i t y 

a d m i n i s t r a t o r as w e l l as s o c i a l workers. 

The S t e e r i n g Group met to d i s c u s s the best way 

of reducing the 4608 p o s s i b l e combinations to 

a reasonable number of d i s t i n c t groups, such 

that w i t h i n each group the people would have 

s i m i l a r c a r e requirements. 

The method chosen was to view the c l a s s i f i c a t i o n 

system as a d e c i s i o n t r e e , a c o l l e c t i o n of paths 

that branch at v a r i o u s p o i n t s . Each of the 
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branching points was r e l a t e d to a d e c i s i o n on 

one of the f a c t o r s of the c l a s s i f i c a t i o n 

system. Some f a c t o r s and t h e i r r a t i n g s were 

combined and some were e l i m i n a t e d . The 

procedure i n v o l v e d i d e n t i f y i n g those c h a r a c t e r ­

i s t i c s of g r e a t e s t s i g n i f i c a n c e i n d i s c r i m i n a t i n g 

between d i f f e r e n t c a r e requirements and d i s c a r d i n g 

those of l e s s s i g n i f i c a n c e . 

F i g u r e 4.5.2.1 i l l u s t r a t e s the d e c i s i o n t r e e 
produced. The r e s u l t of producing the d e c i s i o n 
t r e e was to reduce the number of groups to j u s t 13. 

Th i s r e d u c t i o n was achieved by c o n s i d e r i n g , 

f o r each f a c t o r i n tu r n , the r e l a t i v e importance 

of i n d i v i d u a l r a t i n g s i n r e l a t i o n to the 

appropriate type of ca r e needed by the e l d e r l y 

person. The i n t e n t i o n was to i d e n t i f y the 

key f a c t o r s i n determining the forms and l e v e l s 

of c a r e that are appropriate to the d i f f e r e n t 

groups of e l d e r l y people. The e a s i e s t way to 

reduce the number of groups from 4608 was to 

e l i m i n a t e a l l d e t a i l t h a t was unnecessary when 

recommending the appropriate c a r e . For example, 

mental s t a t e could be c l a s s i f i e d i n three r a t i n g s , 

a, b and c but a r a t i n g of c would r e q u i r e a 

person to be cared f o r i n a d i f f e r e n t s e t t i n g 

from a person with a r a t i n g of e i t h e r a or b. 

Thus three c h o i c e s were reduced to two: mental 

s t a t e r a t i n g " c " and "not c" gave s u f f i c i e n t 

d i s c r i m i n a t i o n i n that f a c t o r . 

For the " a b i l i t y " f a c t o r , a l l four r a t i n g s A,B, 
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C and D were needed f o r the purposes of 

d i s c r i m i n a t i o n . 

For the " m o b i l i t y " f a c t o r ; i t was found unnecessary 

to d i s c r i m i n a t e between r a t i n g s B and C, so only 

three separate r a t i n g s were needed : A, B/C, D, 

For the " i n c o n t i n e n c e " f a c t o r , only three separate 

r a t i n g s were needed: 1/2, 3, 4. 

The four " p h y s i c a l h e a l t h " f a c t o r s , with r a t i n g s as 

desc r i b e d , were found to be s u f f i c i e n t to d i s c r i m i n a t e 

between the groups r e q u i r i n g d i f f e r e n t forms of 

c a r e . The S t e e r i n g Group considered i n i t i a l l y 

t hat the "environmental" f a c t o r s were not n e c e s s a r y 

to i d e n t i f y a p p r o priate c a r e . i t was l a t e r decided 

to introduce one of these, namely S o c i a l Support. 

When the d e c i s i o n t r e e was being s e t up, the 

most dominant f a c t o r was thought to be Mental S t a t e . 

Within the r a t i n g C f o r Mental S t a t e the next most 

dominant f a c t o r was c o n s i d e r e d to be M o b i l i t y and 

w i t h i n t h i s f a c t o r the c a r e r e q u i r e d for those 

with r a t i n g A ( i . e . unimpaired m o b i l i t y ) would be 

d i f f e r e n t from the o t h e r s . T h i s r e s u l t e d i n two 

groups with r a t i n g C f o r Mental S t a t e and e i t h e r 

A or "not A" f o r M o b i l i t y . No other f a c t o r s 

were considered to be s i g n i f i c a n t enough to 

i n f l u e n c e the type of care needed and thus groups 

R and S were i d e n t i f i e d . 

S i m i l a r l y , the remainder of the d e c i s i o n algorithm 

was c o n s t r u c t e d . 
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Figure 4.5.2.1 The D e c i s i o n Tree: A l l o c a t i o n of 
C l i e n t s to Groups 
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4. 5. 3 The S e r v i c e s Required 

The S t e e r i n g Group was then r e q u i r e d to agree 

the appropriate forms of care f o r people i n 

each of the defined groups. A number of 

d i f f e r e n t schemes of care were considered and 

i n each case the resource "care s e t t i n g " needed 

to meet the scheme was c a l c u l a t e d and compared 

with the resource a v a i l a b l e i n C a l d e r d a l e . "Care 

S e t t i n g " could be the person's own home, an 

aged people's home, s h e l t e r e d housing, a 

g e r i a t r i c ward or a p s y c h i a t r i c ward. Thus the 

e f f e c t of a l t e r n a t i v e planning d e c i s i o n s could 

be a s s e s s e d . 

T h i s i n i t i a l assessment of "care s e t t i n g " r e s o u r c e s 

was followed by c a l c u l a t i o n s of the mix of ca r e 

s e r v i c e s that would be r e q u i r e d f o r each of the 

three schemes. Si n c e members of each group were 

not a l l r e c e i v i n g the same s e r v i c e s , a package 

of c a r e s e r v i c e s was defined f o r each group as a 

whole. An "acceptable package of c a r e " was 

assumed to be the l e v e l of s e r v i c e per c a p i t a , 

re< e i v e d by those members of the group who were 

a l r e a d y i n the care s e t t i n g considered appropriate 

f o r them. For example, only 425 e l d e r l y people 

were l i v i n g i n s h e l t e r e d accommodation compared 

with the 2670 recommended f o r i t i n one of the 

schemes. The assumption made was th a t a l l 2670 

people should r e c e i v e the same l e v e l of s e r v i c e 

per c a p i t a as the 425 r e c e i v e d at the time of 
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the survey i n 1977, 

The s e r v i c e s considered were: 

- day h o s p i t a l 

- day ca r e 

- s t r e e t warden 

- n u r s i n g v i s i t s 

- home help 

- meals on wheels 

Comparisons of t o t a l requirement and a c t u a l 

p r o v i s i o n were made f o r each of three d i f f e r e n t 

schemes of c a r e : 

Scheme 1 r e l i e d h e a v i l y on r e s i d e n t i a l c a r e 

and r e q u i r e d more p l a c e s i n g e r i a t r i c wards and 

s h e l t e r e d housing than were a c t u a l l y a v a i l a b l e . 

Scheme 2 was based on the p o l i c y t h a t only those 

people who were l i v i n g alone would be recommended 

for r e s i d e n t i a l care and t h i s l e d to a s i g n i f i c a n t 

r e d u c t i o n i n the r e q u i r e d number of p l a c e s i n 

each r e s i d e n t i a l care s e t t i n g . I n p r a c t i c e the 

a c t u a l number of p l a c e s a v a i l a b l e was more than 

the number r e q u i r e d by Scheme 2. 

Scheme 3 used a refinement of Scheme 2, t a k i n g 

account of the day to day placement d e c i s i o n s 

taken by f i e l d workers which meant th a t a pro­

p o r t i o n of the people would s t i l l be recommended 

for r e s i d e n t i a l care even i f they were not 

l i v i n g alone. I n t h i s case the recommended 

res o u r c e s were found to be very c l o s e to what 

was provided at the time of the survey. 
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4.5.4 A Mathematical Representation 

Although Howell and Parker present t h e i r model 

simply as a d e c i s i o n t r e e and d e s c r i p t i v e 

algorithm i t i s p o s s i b l e to r e p r e s e n t t h e i r 

a l l o c a t i o n model mathematically, as f o l l o w s : 

Scheme 1 

Let i = group number ( i = 1, . . .,13) , 

di = group s i z e , 

1 = care s e t t i n g i d e n t i f i e r f o r c u r r e n t 
s e t t i n g , 

and of these, L = " a p p r o p r i a t e " c a r e s e t t i n g i d e n t i f i e r . 

L e t x = number of c l i e n t s i n group i and care 
^ s e t t i n g 1; 

x = number of c l i e n t s i n group i i n 
l L appropriate care s e t t i n g L; 

a = number of c l i e n t s i n group i , care 
i l i t 

s e t t i n g 1 c u r r e n t l y r e c e i v i n g s e r v i c e k; 
a ^ k = number of c l i e n t s i n group i and the 

appropriate care s e t t i n g L who are 
r e c e i v i n g s e r v i c e k. 

Under the " c u r r e n t " c a r i n g a l l o c a t i o n , i f 

i s the amount of s e r v i c e k a l l o c a t e d per person 

i n group i and care s e t t i n g 1, 

U i l k a i l k for a l l i . l . k 
X i l 

and i n p a r t i c u l a r , 

U i L k = a i L k f o r a l l i , k 
l L 

The model assumes that a l l c l i e n t s i n group i 

should be a l l o c a t e d to one " a p p r o p r i a t e " c a r e 
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s e t t i n g , L, so t h a t : 

x (new) = d i f o r a l l ± 

l L 

and x , (new) = 0 f o r a l l ± ^ L a n d a l l j_ 
l l 

The model a l s o assumes that the a l l o c a t i o n of 

other s e r v i c e s should be i n the same proportions 

as c u r r e n t l y a l l o c a t e d to persons i n the 

appropriate care s e t t i n g . 

Thus u. T, (new) = u . r i = a . T 1 f o r a l l i and k i L k i L k i L k 
x 
l L 

(new) 
Thus the t o t a l s e r v i c e requirements are , 

where: 

B (new) = £ £ „ (new) „ (new) 
k i 1 i l i l k 

f o r a l l k 

o r B (new) _ E d . a. T, = r d. u. T, „ . — °jj i 1 i L k . i i L k f o r a l l k. 
l L 

Schemes 2 and 3 

In these schemes the " a p p r o p r i a t e " care s e t t i n g 

i s not the same f o r a l l persons i n the group. 

I n s t e a d , those persons c u r r e n t l y l i v i n g alone 

were given p r i o r i t y for r e s i d e n t i a l care i n 

Scheme 2 and about h a l f of those c u r r e n t l y 

l i v i n g w ith r e l a t i v e s were given some form of 

r e s i d e n t i a l care i n Scheme 3. 

In the mathematical model d e s c r i b e d above, the 

" a p p r o p r i a t e " care s e t t i n g , L, re p r e s e n t e d only one c a r e 

s e t t i n g f o r each group. For schemes 2 and 3 
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the model must i n c l u d e a range of possible care 

s e t t i n g s , , , e t c . 

Then x . T (new) = y x.. 
J.1, I X , 

f o r a l l 1. contained i n group i being a l l o c a t e d 

to s e t t i n g , and for a l l i , 

x. T (new) = I x l L l l , e t c . 

and E x = d i for a l l i 
a l l L 1 

Once again assuming that the a l l o c a t i o n of 

other s e r v i c e s should be i n the same proportions 

as c u r r e n t l y a l l o c a t e d to persons i n the 

appropriate case s e t t i n g , 

then u. T, ( n e w ) _ F T - r T » t n l L k " U i L k " a i L k for L - L 2 , . . . .etc. 

i L and f o r a l l i and k 

Thus the t o t a l s e r v i c e requirements are B ( n e w ) ^ wheres 

• fnewl E E (new) (new) B, vnew; _ ^ ^ x u. , f o r a l l k 
k i a l l L l L : L L k 

R (new) E E x (new) a._, 
k i a l l L — 

l L 

E , ? T x. T (new) u f o r a l l k l a l l L l L i L k 
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4. 5. 5 Summary 

The Calderdale model described by Howell and 

Parker i s c l e a r l y a Balance of Care model which 

uses a small number of groups and which s e l e c t s 

a range of modes of care based on the current 

care s e t t i n g of each i n d i v i d u a l . The a l l o c a t i o n 

f o r planning purposes can be v a r i e d by p o l i c y 

d e c i s i o n s which determine what proportion of 

each group of people should be a l l o c a t e d to 

a p a r t i c u l a r care s e t t i n g and hence to a 

corresponding mode of care . The q u a n t i t i e s 

of s e r v i c e a l l o c a t e d to each mode of care are 

based on current p r a c t i c e . 

I t i s necessary for the S t e e r i n g Group to 

choose what p o l i c y to adopt and the model 

then c a l c u l a t e s the i m p l i c a t i o n s of such 

a p o l i c y i n terms of the resources needed. 

The a l l o c a t i o n model i s thus of the simulation 

or "what-if" type and appears to be easy to 

use but the number of s e r v i c e s considered 

i s only eleven ( i . e . f i v e care s e t t i n g s and 

s i x other r e s o u r c e s ) . 

The d e c i s i o n t r e e appears to give a s t r a i g h t f o r w a r d 

reduction i n the p o t e n t i a l number of c l i e n t 

groups to only 13 but these are of course 

s u b j e c t i v e l y chosen according to the consensus 

reached by the S t e e r i n g Group. 

The model i s un s o p h i s t i c a t e d but easy to understand. 
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4.6 The DCC/SPSS A n a l y s i s 

4.6.1 Introduct ion 

Within Durham County Council (DCC) i t s e l f , the 

Development and Forward Planning D i v i s i o n has been 

i n v e s t i g a t i n g a l t e r n a t i v e ways of a l l o c a t i n g S o c i a l 

S e r v i c e r e s ources. The o r i g i n a l D.U.B.S, study 
43 

(see Nelson ) was sponsored by DCC, who then agreed 

to the use of the DUBS Census data for the 

research presented in t h i s t h e s i s . Subsequent 

d i s c u s s i o n s took place between DCC planners, the 

author and her su p e r v i s o r about t h i s r e s e a r c h and the 

D.U.B.S. study and about the development of the DHSS 

Balance of Care model int o the SPRAM Model ( i . e . the 

DHSS/A. Andersen model described i n Section 4.4>) . 

P a r t l y i n consequence, DCC proposed a f e a s i b i l i t y 

study of a simple model which uses the SPSS ( S t a t i s t i c a l 

Package for the S o c i a l S c i e n c e s ) computer package, 

t h i s being a v a i l a b l e on DCC computing equipment. 

The proposed model i s described i n "A model for 

'proportioning' a v a i l a b l e s o c i a l s e r v i c e s resources 

across a changing c l i e n t population using the D.U.B.S. 
1 13 P r o j e c t ' s c l i e n t census d a t a " by 0. Coles 

4.6.2 The Framework of the Model 

I t i s proposed that the model be formed of three 

modules, i n which c l i e n t numbers are p r e d i c t e d from 

the s i z e and composition of the County's population, 

and other l o c a l c h a r a c t e r i s t i c s b e l i e v e d to a f f e c t 

needs. The extent to which such needs would be 

met by the model r e f l e c t s the s i z e of the t o t a l 

budget planned, and the r e l a t i v e importance given to 
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i n d i v i d u a l c l i e n t groups. The d i s t i n c t i v e 

s i m p l i f y i n g assumption of the model i s the 

proportioning of needs as favoured by the 

DHSS i n the DHSS/A. Andersen model (See Section 

4.4). 

The three modules would c o n s t i t u t e : 

( i ) Equations p r e d i c t i n g c l i e n t t o t a l s 

T h i s module would take inputs of f o r e c a s t 

population t o t a l s by age group and of f o r e c a s t 

percentage unemployment, on the b a s i s that 

unemployment w i l l form a p o t e n t i a l l y major 

i n f l u e n c e on the incidence of at l e a s t some 

forms of c l i e n t problem. Equations i n the 

model would be used to p r e d i c t c l i e n t t o t a l s 

i n the various c l i e n t groups. I t i s thought 

that i t would be p o s s i b l e to r e l a t e the patterns 

of r e f e r r a l s contained i n DCC's computerised 

c l i e n t records to the demographic and economic 

c h a r a c t e r i s t i c s of the households i n the County-

contained i n the 1981 Census. 

( i i ) Equations p r e d i c t i n g departmental budget 

( c l i e n t - r e l a t e d ) i f a l l needs were met 

T h i s module would take inputs of the pre d i c t e d 

group t o t a l s from module ( i ) , and of the s o c i a l 

s e r v i c e packages a v a i l a b l e , together with the 

u n i t c o s t s of i n d i v i d u a l s e r v i c e s . Equations 

would be used to p r e d i c t the s i z e (£) of the 

departmental budget ( c l i e n t - r e l a t e d ) which 

would be needed i f a l l c l i e n t s were to be 

- 103 -



cared for with the same package of 

s e r v i c e s as c u r r e n t l y used for that 

c l i e n t group, i . e . i f a l l needs were met. 

( i i i ) Proportion of required expenditure met 

from a c t u a l budget 

Thi s module would take inputs of the 

pr e d i c t e d s i z e (£) of the departmental budget 

needed, the a c t u a l budget t o t a l expected and 

a s p e c i f i c a t i o n of " p r i o r i t y " c l i e n t groups 

(which would be protected from any cuts i n 

expenditure). Such p r i o r i t y groups would be 

those whose needs would always be met i n f u l l , 

f o r example sub-groups of c h i l d r e n warranting 

s p e c i a l treatment on the b a s i s of l e g a l 

o b l i g a t i o n s , past neglect, e t c . DCC's 

Caseload Management system provides a means 

of c l a s s i f y i n g c l i e n t s by the urgency of the 

need f o r a c t i o n . The model would then a l l o c a t e 

resources to these p r i o r i t y groups and then 

a l l o c a t e resources to the remaining groups so 

that "the resources a l l o c a t e d to each c l i e n t 

group f a l l short of those necessary to meet a l l 

i t s recognised needs by a percentage common to 

a l l other c l i e n t groups". 

Output from t h i s module would c o n s i s t of a 

breakdown of the budget by s e r v i c e type and, 

dependent upon an option s e l e c t e d , a l i s t of 

resource a l l o c a t i o n s to c l i e n t groups whose 

needs are met and to those whose needs are 
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not met. The s e l e c t i o n option would 

permit a reduction e i t h e r i n the i n t e n s i t y 

of s e r v i c e to be a l l o c a t e d ( i . e . reduction 

i n quotas), or p r o v i s i o n of the s e r v i c e to only 

a proportion of e l i g i b l e c l i e n t s ( i . e . reduction 

i n coverage), or a combination of these two. 

4.6.3 Consequences of adopting the model 

Two major s i m p l i f i c a t i o n s are inherent i n the model 

and are d i s c u s s e d by Coles . The f i r s t concerns 

the way i n which s h o r t f a l l s i n the budget a v a i l a b l e 

for s p e c i f i c s e r v i c e s r e s u l t i n corresponding 

reductions i n a l l the s e r v i c e s comprising a p a r t i c u l a r 

package of c a r e . I t i s p o s s i b l e that i n r e a l i t y the 

policy-makers' response would be to c o n s t r u c t new 

s e r v i c e packages which used more of the lower-cost 

s e r v i c e s and s m a l l e r proportions of r e l a t i v e l y expensive 

ones. 

The second s i m p l i f i c a t i o n i s the proportioning p r i n c i p l e 

i t s e l f . D i s c u s s i o n s of the e f f e c t of s h o r t f a l l s i n 

budgets held i n S o c i a l S e r v i c e s Departments suggest 

t h a t , f a r from making "across the board" c u t s , 

Departments consider very s e l e c t i v e but major reductions 

i n i n d i v i d u a l s e r v i c e s . 

Another aspect i s the treatment of resource c o s t s . 

The proposed model uses u n i t c o s t s despite conclusions 

of the D.U.B.S. re s e a r c h that t o t a l c o s t s do not vary 

s u b s t a n t i a l l y i n response to changes i n s e r v i c e l e v e l s . 

Coles suggests that other r e s e a r c h e r s have concluded 

that n e i t h e r approach i s p a r t i c u l a r l y r e a l i s t i c , 
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but the advantages of the un i t cost approach are 

that i t can be r e a d i l y incorporated i n the model 

and that i t provides some b a s i s for comparison 

with e a r l i e r time periods and with other l o c a l 

a u t h o r i t i e s . 

4.6.4 Problems of using S.P.S.S. to construct t h i s model 

With the postulated model described above, the major 

l i m i t a t i o n i s that of storage space. By s t r u c t u r i n g 

the resource data i n the form of transformations of 

the data on c l i e n t groups (so that the d e f i n i t i o n of 

a c l i e n t group i m p l i c i t l y defines i t s package of 

care and resource needs) i t i s p o s s i b l e to avoid 

t h i s d i f f i c u l t y and Coles concludes that such a model 

could be constructed using SPSS. The main l i m i t a t i o n s 

would be those d i s c u s s e d i n S e c t i o n 4.6.3 above. 

4.6.5 Progress by D.C.C. 

In "The Balance of Care Approach to Resource A l l o c a t i o n " 
12. 

(1982) Coles d i s c u s s e d the a p p l i c a t i o n of the general 

Balance of Care approach w i t h i n County Durham. He 

considered three f a c t o r s of p a r t i c u l a r relevance. 

The f i r s t was the opportunity f o r c l o s e r c o - o r d i n a t i o n 

with the National Health S e r v i c e (NHS), i n p a r t i c u l a r , 

alignment of DCC's D i s t r i c t boundaries with those of 

the four Health D i s t r i c t s , and for c r e a t i o n of the 

o r g a n i s a t i o n a l framework needed for the day-to-day 

management of the Balance of Care approach. The 

second f a c t o r was the need to reduce expenditure and 

the l i k e l i h o o d of being able to improve e f f i c i e n c y 

of c a r e . The t h i r d f a c t o r was DCC's investment i n 
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computerised records and development of formal 

decision-making c r i t e r i a , such as the Caseload 

Management System. 

In Coles (1983) subsequent paper, a proposal 

was made for a s i m p l i f i e d Balance of Care type 

of model which would use a simple proportioning 

procedure along the same l i n e s as that of the 

DHSS/A. Andersen model. 

Since 1983 no f u r t h e r developments have taken 

place on the DCC/SPSS model. Emphasis has ins t e a d 

been on the computer-assisted systems of C l i e n t 

Records and the Caseload Management System. In 

the C l i e n t Records system a s e t of about 70 c l i e n t 

c a t e g o r i e s w i t h i n 6 c l i e n t groups and one " n o n - c l i e n t " 

group has been used. 

The seven groups are: 

E l d e r l y 

C h i l d Care and Adoption 

Family Casework 

Mental Health 

P h y s i c a l l y Handicapped 

Miscellaneous 

Non-clients 

These are d i f f e r e n t groups and c a t e g o r i e s from both 

the DHSS and the DUBS s e t s . 

17 

In the Caseload Management System (DCC ) , each 

category of c l i e n t i s a l l o c a t e d a number of "po i n t s " 

which i n d i c a t e s a preference or p r i o r i t y i d e n t i f y i n g 
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which c a t e g o r i e s are p r e f e r r e d to r e c e i v e 

treatment, or to be considered for treatment, i f 

a queue e x i s t s - As w e l l as i n d i c a t i n g p r i o r i t i e s 

between c l i e n t c a t e g o r i e s , the "points" system can 

be used to e q u a l i s e the caseload on s o c i a l workers 

or to d i f f e r e n t i a t e between the caseloads f o r 

d i f f e r e n t grades of s t a f f . Each s o c i a l worker i s 

a l l o c a t e d a number of " p o i n t s " which measures the 

caseload he/she can be expected to undertake. 

(Targets and maxima can be f i x e d ) . 

Progress i s a l s o t a k i n g place i n the i d e n t i f i c a t i o n 

of expenditure. Where p r e v i o u s l y i t was only 

p o s s i b l e to i d e n t i f y s e r v i c e c o s t s f o r a f u l l 

f i n a n c i a l year, i t should now, with the imminent 

i n t r o d u c t i o n of a new computerised f i n a n c i a l a n a l y s i s 

("FISCAL"), be p o s s i b l e to monitor monthly expenditure 

on each s o c i a l s e r v i c e . Unit costs are not yet 

i d e n t i f i a b l e but c o n t r o l of expenditure on 

i n d i v i d u a l s e r v i c e s should now become f e a s i b l e , 

4.6.6 Summary 

Although a mathematical model has been postulated 

no development of the model has taken place. 

Emphasis has been on d e f i n i n g c l i e n t c a t e g o r i e s 

and d e f i n i n g p r i o r i t i e s for c a r i n g f o r these c l i e n t 

c a t e g o r i e s . S e r v i c e p r o v i s i o n w i l l a l s o be b e t t e r 

defined through the a n a l y s i s of monthly expenditure. 

Now that the data on c l i e n t s and s e r v i c e s i s more 

c l e a r l y defined, i t should be p o s s i b l e for DCC to 

r e - c o n s i d e r the p o t e n t i a l of a mathematical model 

to a s s i s t i n planning. 
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4.7 Overview 

In the previous s e c t i o n s of t h i s Chapter a number of 

mathematical models have been described. The o r i g i n a l 
40 

Balance of Care model postulated by McDonald and 

developed by Coverdale and Negrine and Gibbs was 

a mathematical programming model with a non-linear 

o b j e c t i v e function r e p r e s e n t i n g diminishing returns 

as the amount of s e r v i c e supplied to a group i n c r e a s e s , 

or as the number of c l i e n t s r e c e i v i n g s e r v i c e i n c r e a s e s . 

Such an o b j e c t i v e function i s d i f f i c u l t to s p e c i f y 

completely, s i n c e i t r e q u i r e s e l a s t i c i t y f a c t o r s 

and parameters of curvature to be estimated, p r e f e r a b l y 

by the planners. 

The D.U.B.S. goal programming model described i n 

s e c t i o n 4.3 had not been implemented or indeed 

constructed by the D.U.B.S. r e s e a r c h e r s . I t i s 

considered f u r t h e r i n Chapter 5 but i s not usable 

i n the form described here. 

The D.H.S.S./A. Andersen SPRAM model, although 

developed from the Balance of Care concept, no longer 

r e t a i n e d the f i x e d mode of care which was a feature 

of the McDonald model and which i s part of the LPAM 

model. I n s t e a d the prop o r t i o n a l assumption ( t h a t 

care w i l l be a l l o c a t e d i n future i n patterns which 

are p r o p o r t i o n a l l y s i m i l a r to current p a t t e r n s ) 

o v e r - r i d e s the r e t e n t i o n of f i x e d modes of care. 

Thus the SPRAM model e f f e c t i v e l y assumes that 

a l t e r n a t i v e s modes of care w i l l not be used, r a t h e r 

that care p r o f i l e s w i l l remain l a r g e l y unchanged. 
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This assumption i s not sa c r o s a n c t , however, s i n c e 

f a c i l i t i e s are ( i n theory) included which permit 

changes i n the proportions of one s e r v i c e or in the 

type of care given to a p a r t i c u l a r c l i e n t group. The 

SPRAM model i s not s p e c i f i e d as an optimising model, the 

main usage being to c a l c u l a t e resources needed for 

changed populations and to d i s t r i b u t e a v a i l a b l e 

resources i n proportion to the resources needed. T h i s 

suggests that a form of minimising o b j e c t i v e i s i n 

force, perhaps of the goal-programming type, v i z to 

minimise the e f f e c t of changed ( i . e . reduced) resources 

by s h a r i n g these i n proportion as before w h i l s t t a k i n g 

account of demographic changes i n c l i e n t group s i z e s . 

The " e f f e c t " measured may be the t o t a l of a l l d e v i a t i o n s 

from current a l l o c a t i o n s of s e r v i c e , for a l l c l i e n t s . 

13 

Evidence suggests, however, (Coles ) that planners do 

not always wish to minimise the e f f e c t of change and 

that r a d i c a l s h i f t s i n resource p r o v i s i o n may be 

regarded more favourably than small adjustments across 

a l l r esources. Chapter 5 d e s c r i b e s the development of a 

new model, LPAM, a l i n e a r programming model with 

a l t e r n a t i v e modes of care, which maintains f i x e d modes 

of care and which may choose to a l l o c a t e c l i e n t s to modes 

i n a very d i f f e r e n t way from current p r o v i s i o n . Such 

a model can a s s i s t planners to consider r a d i c a l changes 

i n resource p r o v i s i o n . T h i s i s i n c o n t r a s t to the 

SPRAM model which tends to minimise the o v e r a l l change. 

Chapter 8 makes comparisons between these two models 

i n the ways they plan for future demographic and/or 

resource changes. 
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The Calderdale d e c i s i o n algorithm model described 

in Section 4.5, w h i l s t being based on the Balance of 

Care concepts, takes a more r i g i d approach to a l l o c a t i o n 

of r e sources. Once c l i e n t s are c a t e g o r i s e d t h e i r 

a l l o c a t i o n to a mode of care i s e f f e c t i v e l y f i x e d . 

The planners use a model to c a l c u l a t e the resources 

required on the b a s i s of d i f f e r e n t "schemes" of care, 

i . e . each "scheme" c o n s i s t s of a defined s e t of modes 

of car e , one mode for each c l i e n t category. The modes 

of care are redefined ( i . e . d i f f e r e n t q u a n t i t i e s of 

resources are defined for each mode) to form another 

"scheme" for which required resources can be c a l c u l a t e d . 

A process of t r i a l and e r r o r leads to that scheme being 

adopted which most c l o s e l y resembles the amount of 

resource p r o v i s i o n . The e x p l o r a t i o n of schemes i n 

t h i s way permits the planners to see the e f f e c t of 

d i f f e r e n t p o l i c i e s , for example, a high i n t e n s i t y of 

care i n r e s i d e n t i a l homes or an i n c r e a s e i n the 

proportion of c l i e n t s i n d o m i c i l i a r y care s e t t i n g s . 

The DCC/SPSS postulated model described i n Section 4.6 

has not been implemented but the planners have made 

considerable progress i n d e f i n i n g c l i e n t c a t e g o r i e s 

for the computerised C l i e n t Records System and i n 

d e f i n i n g p r i o r i t i e s and " p o i n t s " f o r each category 

of c l i e n t for the Caseload Management System. The 

postulated model was based on the DHSS-favoured 

proportioning of needs as used i n the DHSS/A. Andersen 

SPRAM model and thus i t would not maintain f i x e d modes 

of care but would tend to minimise the e f f e c t s of 

change i n resource p r o v i s i o n . 
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From these d e s c r i p t i o n s , and from the r e g i o n a l 

implementations of Balance of Care models d i s c u s s e d 

l a t e r ( i n Chapter 7 ) , i t can be seen that the planners 

need to be able to simulate patterns of care and to 

explore the e f f e c t of p o l i c y changes and demographic 

changes on resource a l l o c a t i o n . 

The following Chapter (5) des c r i b e s the development 

by the present author of an appropriate model which 

was based i n i t i a l l y on a l i n e a r programming model 

s i m i l a r to the D.U.B.S. goal-programming model and 

was then extended to include s e t s of a l t e r n a t i v e modes 

of care f o r each c l i e n t group. Th i s l i n e a r programming 

model with a l t e r n a t i v e modes of care (LPAM) i s an 

optimising model which o f f e r s the planners true 

a l t e r n a t i v e s i n patterns of care and can a d d i t i o n a l l y 

be used as a sim u l a t i o n model to a s s i s t the planners 

i n t h e i r e x p l o r a t i o n s of d i f f e r e n t resource a l l o c a t i o n 

p o l i c i e s . 
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CHAPTER 5 

DEVELOPMENT OF A NEW MODEL (LPAM) 
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Development of a New Model (LPAM) 

5.1 Intr o d u c t i o n 

When the author began t h i s research, o n l y two of the 

models described i n Chapter 4 had been postulated: 

the DHSS Balance of Care model and the D.U.B.S. goal 

programming model. The DHSS model had been shown to be 

d i f f i c u l t to s p e c i f y completely and was not an easy model 

for planners to comprehend. A great deal of data was 

required: for example, to s p e c i f y a l t e r n a t i v e modes of 

care, panels of p r o f e s s i o n a l workers needed to be s e t up 

and agreement needed to be reached on what c o n s t i t u t e d 

equivalent acceptable modes of care for c l i e n t s with 

p a r t i c u l a r needs. The o b j e c t i v e function was unwieldy 

and d i f f i c u l t to c a l i b r a t e , needing estimates of 

e l a s t i c i t y f a c t o r s and parameters of curvature. 

In c o n t r a s t , the D.U.B.S. goal programming model was too 

s i m p l i s t i c . Section 5.2 shows how the goal programming 

model described i n Chapter 4 could be reduced to a l i n e a r 

model, s i n c e i n p r a c t i c e the goals were t a r g e t s which would 

never be exceeded, i d e a l l e v e l s of s o c i a l s e r v i c e p r o v i s i o n 

being unattainable i n p r a c t i c e (and c e r t a i n l y never 

exceeded). The model i t s e l f could then be described as 

a c a p a c i t a t e d t r a n s p o r t a t i o n model with a very simple 

a l l o c a t i o n procedure dependent upon the weights a l l o c a t e d 

to the c l i e n t groups. Each c l i e n t group i was a l l o c a t e d 

an amount of a s e r v i c e k such that the t a r g e t s were upper 

bounds on the a l l o c a t i o n s and such that the t o t a l a l l o c a t i o n 

of each s e r v i c e did not exceed the amount a v a i l a b l e . No 

a l t e r n a t i v e modes of care were s p e c i f i e d . The o b j e c t i v e 

was to maximise the a l l o c a t i o n s weighted i n respect of 
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each group and each s e r v i c e . Such an o b j e c t i v e had 

been postulated by other D.U.B.S. researchers- (See 
Vr 4 Longbottom and Bayat , Wade and Longbottom). 

Section 5.2 de s c r i b e s the c o n s t r u c t i o n of t h i s model for 

the t e s t data suggested by Wiper . 

The same " l i n e a r e q u i v a l e n t " model was used to t r y out the 

35 c l i e n t group and 45 s e r v i c e c l a s s i f i c a t i o n s derived by 

the author from the D.U.B.S. census. T h i s i s described 

i n s e c t i o n 5.3, w h i l s t the author's a n a l y s i s of the D.U.B.S. 

census data i s described i n Chapter 6. For t h i s model, 

group and s e r v i c e c l a s s i f i c a t i o n s were needed, as were 

the group s i z e s and the t o t a l amounts " c u r r e n t l y " 

a v a i l a b l e of each s e r v i c e resource (measured i n u n i t s of 

c l i e n t s who r e c e i v e that s e r v i c e ) . These t o t a l amounts 

were derived by summing the separate a l l o c a t i o n s of each 

s e r v i c e to each c l i e n t group, which i n turn had been 

aggregated from the i n d i v i d u a l c l i e n t records of the 

census. 

By using the known a l l o c a t i o n s of s e r v i c e s to groups, the 

l i n e a r model could be constructed to f i n d the weightings on 

groups and s e r v i c e s which would r e s u l t i n the known 

a l l o c a t i o n . T h i s was done and showed up the t r a n s p o r t a t i o n 

form of the l i n e a r model. 

I t was c l e a r that the l i n e a r model was inadequate: i t was 

not r e p r e s e n t i n g the way i n which resources were a l l o c a t e d 

at the time of the census. The next development was to 

include packages of care for each c l i e n t group as had been 

done i n the o r i g i n a l Balance of Care model. (See s e c t i o n 

4.2) so that more choice would be a v a i l a b l e for the 

- 115 -



a l l o c a t i o n of resources. A n a l y s i s of the census 

data (see Chapter 6) provided s e v e r a l ways of s e t t i n g 

a l t e r n a t i v e modes of care : t h i s i s di s c u s s e d f u r t h e r 

in Sections 6.3 and 6.4 and shows that a c l u s t e r a n a l y s i s 

was used to determine ten a l t e r n a t i v e modes of care for 

each of the 35 c l i e n t groups. Use of the census data 

i n t h i s manner i s d i s t i n c t l y d i f f e r e n t from the Balance 

of Care method of using groups of p r o f e s s i o n a l workers to 

define the a l t e r n a t i v e modes of care. Using the census 

data ensures that a l l c u r r e n t c a r i n g methods are included. 

Section 5.4 de s c r i b e s the formulation of the l i n e a r 

programming model which included a l t e r n a t i v e modes of care 

(LPAM) and Sect i o n 5.5. de s c r i b e s the c o n s t r u c t i o n of the 

LPAM Model for a s i n g l e c l i e n t group (group 06). 

In c o n s t r u c t i n g the group 06 model the weighting f a c t o r s 

had been chosen by in f e r e n c e ( i f somewhat a r b i t r a r i l y ) 

from the census data, i n proportion to the known s i z e of 

each c l u s t e r ( i . e . the number of c l i e n t s a l l o c a t e d by the 

c l u s t e r a n a l y s i s to a p a r t i c u l a r mode of c a r e ) . I t was 

decided that the range of values of weights,which would 

r e s u l t i n the same optimum s o l u t i o n , should be i n v e s t i g a t e d 

T h i s "weight-space" a n a l y s i s i s described i n s e c t i o n 5.6 

where a wei g h t - c o n s t r a i n t s model i s formulated. This i s 

derived from a c o n s i d e r a t i o n of the simplex method of 

l i n e a r programming and s e n s i t i v i t y a n a l y s i s of i t s s o l u t i o n 

This w e i g h t - c o n s t r a i n t s model provides a d e f i n i t i o n of a 

f e a s i b i l i t y region which must ir.clude the a c t u a l s i z e s 

of the weights i n use at the time when the data was 

obtained ( i . e . at the time of the c e n s u s ) . Section 5.7 

desc r i b e s the c o n s t r u c t i o n of the we i g h t - c o n s t r a i n t s 
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model for a small t e s t problem, w h i l s t Section 5.8 

desc r i b e s that for group 06. 

The group 06 LPAM model included of course only a s i n g l e 

c l i e n t group. The next stage was to extend the LPAM 

model to include a l l c l i e n t groups. Instead of using 

a l l the c l i e n t s i n the census, i t was at f i r s t decided 

that a random sample of data should be used, so that 

r e s u l t s could be compared with r e s u l t s from s i m i l a r 

models derived from other random samples of the census 

data. Section 5.9 d i s c u s s e s the attempt to use a random 

sample and the problems involved. I t was subsequently 

decided that a geographical d i s t r i c t should be s e l e c t e d 

and a l l c l i e n t s from that d i s t r i c t would be included. 

T h i s should mean that the s e r v i c e a l l o c a t i o n s could be 

expected to be more homogeneous than those a r i s i n g from 

a random sample. 

C h e s t e r - l e - S t r e e t d i s t r i c t was s e l e c t e d ; Section 5.10 

des c r i b e s the c o n s t r u c t i o n of the LPAM model for 

C h e s t e r - l e - S t r e e t and the two s e t s of weightings used, 

the f i r s t being based on the proportion of c l i e n t s 

a l l o c a t e d by the c l u s t e r a n a l y s i s to a p a r t i c u l a r mode i n 

a p a r t i c u l a r group and th',- second being based on the 

proportion of s e r v i c e s a l l o c a t e d . As i n the case of the 

group 06 model, a we i g h t - c o n s t r a i n t s model was constructed 

for the C h e s t e r - l e - S t r e e t d i s t r i c t , thus g i v i n g a f e a s i b i l i t y 

region for the weights. S e c t i o n 5.11 des c r i b e s the 

co n s t r u c t i o n of t h i s model, which, because of i t s sheer 

s i z e , required a d i f f e r e n t treatment from that for the 

group 06 model. Despite i t s s i z e (340 c o n s t r a i n t s ) , the 
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model could be constructed and a number of maximising 

runs were performed to f i n d some of the extreme points 

of the weight-space, i n order to demonstrate the 

p r a c t i c a b i l i t y of t h i s . I t i s more l i k e l y , however, 

that the weight c o n s t r a i n t s would be used to asse s s 

the f e a s i b i l i t y of a set of postulated weights. 

The weight-space problem i s di s c u s s e d f u r t h e r i n s e c t i o n 

5.12 where other p o s s i b l e approaches are described. 
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5 . 2 The L i n e a r Model 

The D.U.B.S. goal-programming model described i n 

s e c t i o n 4.3 incorpoia. ted target a l l o c a t i o n s into the 

o b j e c t i v e function to be minimised, 

i . e . Minimise J~ | 
l k I l k l k l k 

These target a l l o c a t i o n s T., are i d e a l s and would never 
l k 

i n r e a l i t y be exceeded, i . e . the a c t u a l s e r v i c e 

a l l o c a t i o n s A a r e always l e s s than or equal to the target 

a l l o c a t i o n s , so there i s no need to consider the in s t a n c e s 

when a l l o c a t i o n s exceed t a r g e t s . Thus minimising the t o t a l 

of the absolute d i f f e r e n c e s between the s e r v i c e a l l o c a t i o n s 

and the t a r g e t s i s equivalent to maximising the t o t a l 

s e r v i c e a l l o c a t i o n s s u b j e c t to upper bound c o n s t r a i n t s 

which are themselves the t a r g e t s . 

The model was th e r e f o r e constructed as a l i n e a r programming 

model with the goals as upper bounds. 

i . e . 

Maximise 21 2l A W 
i k i k i k 

su b j e c t to K „ „ ,, , "f- A., ^ B, , f o r a l l k i l k k 

and 0 ^ A^ <1 T , for a l l i and k, i k — l k 

and / W., = 1 , f o r a l l i , i s a co n d i t i o n of the data 
k l k 

The notation used i s l i s t e d i n f i g u r e 4.1.3.1 and i s the 

same as that used f o r the goal-programming model i n 

s e c t i o n 4.3. 

60 

Wiper presented the goal-programming model i n two ways, 

and these are both considered o v e r l e a f . 
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The model can be formulated i n terms of a l l o c a t i o n 

to groups c o l l e c t i v e l y or a l l o c a t i o n to i n d i v i d u a l 

persons w i t h i n each group: 

( i ) A l l o c a t i o n per group c o l l e c t i v e l y 

Maximise 2 ,S d, a., W., (1) 1 k 1 l k l k 

y 
s u b j e c t to f1 d^^k^ ^ * O T a ^ 't> 

and 0 < a., < t., , for a l l 1 and k, l k - l k 
y 

and £ W = 1, for a l l i , i s a condition of 
the data. 

( i i ) A l l o c a t i o n per person i n each group 
v r 

Maximise d i ,„ 
i k — a W (2) 

5Td l k l k 

l i 
y s u b j e c t to d. a., < B, for a l l k, 1 1 l k ^ k, 

and 0 < a., < t., f o r a l l i and k, - l k ^ l k , 

and W = 1, f o r a l l i , i s a condition of 
the data. 

Here the f a c t o r d i i s a proportioning f a c t o r 
E d i 

to take account of the group s i z e . 

y I t i s c l e a r t h a t , s i n c e . d i i s a constant, l 

the formulations (1) and (2) are e f f e c t i v e l y 

the same. 

A small s e t of t e s t data was presented i n Wiper's 

paper as an i l l u s t r a t i o n of the use of the goal-

programming model (equivalent to formulation ( 2 ) ) , 

but i t had not been constructed as a computerised 

model. 

The present author constructed a computer model using 

the above formulation ( 2 ) , i . e . the equivalent l i n e a r 
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programming model with t a r g e t s as bounds, and used 

Wiper's t e s t data. Figure 5.2.1 shows the data 

and r e s u l t s . The IBM package for l i n e a r programming, 

MPSX, was used. No comparisons could be made s i n c e 

no r e s u l t s were presented by Wiper. 

- 121 -



Figure 5.2.1 Test model : data and r e s u l t s 

L i n e a r Programming Model with Targets as Bounds 

Test data: Two c l i e n t groups, 1 and 2, s i z e s 

200 and 150 r e s p e c t i v e l y . 

Two s e r v i c e s , A and B, a v a i l a b l e amounts 800 

and 600 u n i t s r e s p e c t i v e l y . 

Target u n i t s per person 

Grp 1 
Serv i c e A 

B 

4 

2 

Grp 2 

Weightings 

\* Grp 1 Grp 2 
Se r v i c e 

k W i k 

0.8 

0.2 

1.0 

0.4 

0.6 

1.0 

i / S d i 200/350 
i 

150/350 

Model i s Max (0.456 a + 0.172 a + 0.114 a 1 + 0.258 a_„) 
XX a i 1J 2t2» 

Subject to: 200a + 150a $ 800, XX til 

200a + 150a ^ 600 

0 ^ a n * 4, 

0 < a 2 1 s< 1, 

0 N< a 1 2 % < 2, 

and 0 $ a 2 2 <: 3. 

Computer package MPSX gives s o l u t i o n = 2.6835 

When a n = 4, ^ = 0, ^ 0.75, a ^ = 3. 
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5. 3 Using the model : d e r i v i n g the weights 

( i ) Using the model 

The l i n e a r model was subsequently set up using 

the group and s e r v i c e c l a s s i f i c a t i o n s of the 

D.U.B.S. census data as described i n Chapter 3 

(and d e t a i l e d i n Chapter 6 ) . The formulation 

used was formulation ( 1 ) , which a l l o c a t e s 

c o l l e c t i v e l y to each group, i . e . 

Maximise ? y d. a., W., .,. 
r , i i k i k (1) l k 

su b j e c t to r d. a., < B, f o r a l l k, £ l l k ^ k, 

and •ik x i k , 

and Z W., = 1 , f o r a l l i , i s a condition k l k 
of the data. 

From the census data, the group s i z e s (d.^) were 

known, the a l l o c a t i o n s of each s e r v i c e to each 

group ( i e d.a.,) were known and the t o t a l amounts l l k 
of each s e r v i c e (B, ) were known. Indeed the B, k k 

were derived d i r e c t l y by ad d i t i o n of the 

a l l o c a t i o n s , i . e . B, = ? d. a., f o r a l l k, 
k l l l k 

hence the c o n s t r a i n t s E d. a., < B, were 
l l l k ^ k 

n e c e s s a r i l y s a t i s f i e d . 

Assuming that the t a r g e t s were not exceeded, 

i . e . 0< a,, <t., for a l l i and k, 5: ik< l k , 
then the weights W., i n use at the time of l k 

the census could be found from the modified 

model: 
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Maximise £ E d. a., W. 1 l k 1 
1 k 

(3) 

s u b j e c t to k W ik = 1 

This model was constructed and run on the MPSX 

package, r e s u l t i n g i n the following s o l u t i o n : 

For each k i n turn: 

W ik = 1 for the group i where d. a = MAX ( a l l d.a..),. 

I W., = 0 for a l l other i *• l k 

Thus t h i s model (3) was a simple t r a n s p o r t a t i o n model 

and did not r e f l e c t r e a l i t y . 

( i i ) F u r t h e r c o n s i d e r a t i o n s 

F u r t h e r c o n s i d e r a t i o n of the model (1) showed 

that t h i s was a c a p a c i t a t e d t r a n s p o r t a t i o n model, 

and that the s o l u t i o n could be derived as follows: 

For each s e r v i c e , the group with l a r g e s t weighting 

i s a l l o c a t e d as much resource as p o s s i b l e , up to 

a maximum which i s the ta r g e t appropriate to 

that group and s e r v i c e . Any remaining resource 

for that s e r v i c e i s a l l o c a t e d , i n a s i m i l a r 

way, to the group with next l a r g e s t weighting. 

T h i s procedure i s continued u n t i l e i t h e r the 

s e r v i c e resource i s exhausted or a l l groups 

have been a l l o c a t e d t h e i r t a r g e t s . 
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Considerations of r e a l i t y suggested that 

minimum s e r v i c e l e v e l s should be taken into 

account, i . e . for each group i there would be 

T 1 * • A M I L 1 

a minimum s e r v i c e a l l o c a t i o n A 

l k 

for each s e r v i c e k. 

The appropriate m o d i f i c a t i o n to the model (1) 

would be to s e t these minimum l e v e l s , 
i . e . d. a., > A m, l n for a l l i and k 1 l k * l k 
However, l e t t i n g D., = d. a., - A m, l n for a l l l k l l k l k 
i and k, and providing that B > £ A m, l n f o r 

k l l k 

a l l k, which i s true i n p r a c t i c e , 

the model remains a c a p a c i t a t e d t r a n s p o r t a t i o n 

model for the v a r i a b l e D., the D,, being 
l k , l k 

the amounts i n excess of the minimum s e r v i c e 
l e v e l s which could be a l l o c a t e d from the 

y min remaining amounts of s e r v i c e , B, - L. A k l l k , for 

a l l k. 

The a l l o c a t i o n procedure i s then: 

a l l o c a t e minimum s e r v i c e l e v e l s to a l l groups, 

then a l l o c a t e , f o r each s e r v i c e i n turn, as 

much as p o s s i b l e ( e i t h e r the target amount or 

the remainder of the resource i f l e s s than the 

ta r g e t ) to the group with highest weighting, 

then to the group with next highest, and so on, 

u n t i l e i t h e r the s e r v i c e resource i s exhausted 

or a l l groups have been a l l o c a t e d t h e i r t a r g e t s . 

( i i i ) S i z e of weightings 

I f the t a r g e t s are s e t too high, the weighting 
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which i s the maximum weighting of those 

groups that use a p a r t i c u l a r s e r v i c e k 

w i l l be the only one of those weightings 

which cont r i b u t e s to the s o l u t i o n . This 

i s because the corresponding group, i 

say, w i l l have been a l l o c a t e d a l l the 

a v a i l a b l e s e r v i c e resource, i . e . 

i x k • k 

A. = 0, i yi i lk x 

Thus the s i z e s of the other weightings 

are i r r e l e v a n t , as long as they are 

smaller than t h i s maximum weighting. 

When the t a r g e t s are more r e a l i s t i c and 

are s e t c l o s e r to a c t u a l values, the 

weightings are used, i n order of s i z e 

descending from the maximum for any 

p a r t i c u l a r s e r v i c e , to determine which 

groups s h a l l r e c e i v e a l l o c a t i o n s of that 

s e r v i c e . 
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5.4 The L i n e a r Programming Model with A l t e r n a t i v e Modes of Care (LPAM) 

Int r o d u c t i o n 

The l i n e a r model described i n Sections 5.2 and 5.3 

having proved inadequate, a development was 

proposed which would include a l t e r n a t i v e modes 

or packages of care. The new model would 

permit a choice from s e v e r a l d i f f e r e n t modes 

of care for each c l i e n t group. Once again the 

o b j e c t i v e function included weighting f a c t o r s 

and these weights w^ would be constants chosen 

to r e f l e c t the r e l a t i v e preferences of c a r i n g f o r 

c l i e n t s i n group i by a l l o c a t i n g mode 1 of ca r e . 

The c o n s t r a i n t s were f i r s t l y s e r v i c e c o n s t r a i n t s 

such that the amount of each s e r v i c e k a l l o c a t e d 

to a l l groups i , i n whichever modes of care 1 

were chosen, would not exceed the t o t a l amount 

B of s e r v i c e a v a i l a b l e ; and secondly group 

s i z e c o n s t r a i n t s such that a l l the c l i e n t s 

i n each group i would be a l l o c a t e d to one or 

other of the modes 1 of care a v a i l a b l e . 

The model i s : 

Choose the x.„ to maximise ? ? w., x., l l l 1 l l i l 

s u b j e c t to ? ? x., u.,, < B, , for a l l k; J l 1 l l i l k k' 

£ x., = d. , for a l l i : 1 i l i ' 

and ^ ^ w = 1.0 i s a condition 
of the data. 

Here i s the amount of s e r v i c e k (measured i n 

c l i e n t u n i t s ) which w i l l be supplied to a c l i e n t 

i n group i who i s cared for i n mode 1; 
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B, i s the t o t a l amount of s e r v i c e k k 

a v a i l a b l e (measured i n c l i e n t - u n i t s ) ; 

d^ i s the s i z e of or number of c l i e n t s 

i n group i ; 

and x., i s the number of c l i e n t s in group i l l 

chosen by the model to be cared for 

in mode 1. 

The modes of care for each group were s e l e c t e d 

by using the DUBS census data and a c l u s t e r 

a n a l y s i s as described i n s e c t i o n s 6.3 and 6.4 

below. Thus for each group a s e t of ten 

a l t e r n a t i v e modes of care was defined. 

(The d e c i s i o n to use ten a l t e r n a t i v e modes of 

care was somewhat a r b i t r a r y , being considered 

n e i t h e r too few nor too many to handle. I t 

would have been s t r a i g h t f o r w a r d to s e t some 

other number of a l t e r n a t i v e modes per group 

and to arrange f o r a c l u s t e r a n a l y s i s on that 

b a s i s ) . For each mode the s e r v i c e a l l o c a t i o n s per 

c l i e n t were e x t r a c t e d from the r e s u l t s of the 

c l u s t e r a n a l y s i s which showed the s e r v i c e 

usage as percentages. Each u represented 

the proportion of c l i e n t s i n group i and mode 1 

who would r e c e i v e s e r v i c e k. 
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Test model for group 06(LPAM) 

As a f i r s t attempt, the model with a l t e r n a t i v e 

modes of care was constructed for a s i n g l e group, 

06, of c l i e n t s . The computer package for l i n e a r 

programming, MPSX, was used. 

The i n t e n t i o n of c o n s t r u c t i n g t h i s model was 

to t e s t whether the "c u r r e n t " s e r v i c e p r o v i s i o n 

could be simulated by an a l t e r n a t i v e modes of 

care model. 

The model for j u s t one group becomes, f o r i = 06, 

Choose the x., to maximise ? x., wJ, l l 1 l l i l 

Subject to ^ x u < B , for a l l k 1 i l i l k > K 

1 X i l = d , 

£ w., = 1.0 i s a condition 1 l l 
of the data. 

In t h i s model the weights were c a l c u l a t e d 

i n proportion to the known s i z e of each c l u s t e r , 
(o) 

X i l 

i . e . w.x = x ^ and d. = * x . ^ ^ 
d. l 

The s e r v i c e a l l o c a t i o n s per c l i e n t , u.„, , were 
i l k 

the proportions of s e r v i c e usage given as 

percentages i n the r e s u l t s of the c l u s t e r 

a n a l y s i s . 
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For example, for c l u s t e r 6 of c l i e n t group 06, 

U06,6,20 = 1 - ° 

u06,6,19 = 0-833 

U06,6,2 = 0.5 

U06,6,17 = 0-333 

U06,6,14 = 0-333 

a n d U06,6,k = 0 f o r k ^ 20,19,2,17,14 

The s e r v i c e t o t a l s B, were found from 
k 

B, = £ x
 t o ) u... , f o r a l l k; k 1 l l i l k 

i . e . summing the s e r v i c e usage for a l l c l u s t e r s 

i n group 06 by using the r e s u l t s of the c l u s t e r 

a n a l y s i s and m u l t i p l y i n g by the known s i z e of 

each c l u s t e r , x^j_^°^ 

The c l i e n t group s i z e d^ was 111 for c l i e n t group 

06,Figure 5.5.1 shows the values of u , B 

and w., used i n the model, l l 

When the model was f i r s t run the r e s u l t was an 

i n f e a s i b l e s e t and i t was r e a l i s e d that t h i s was 

because the c o n s t r a i n t s were too s t r i c t . R e l a x a t i o n 

of the right-hand-sides ( i . e . the values of B^) 

was t r i e d : two runs were attempted, one having 

increments of 0.05 to each B^ and one having 

increments of 0.02. Both runs were f e a s i b l e ; 

the r e s u l t s using 0.02 were used s i n c e these 

were c l o s e r to the a c t u a l values. 
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The r e s u l t s of the l i n e a r programming package 

gave a set of values x ^ - j ^ ^ ^ o r xj_j_» ^ = 1»--'»10« 

and i = 06, These were compared with the expected 
(o) 

numbers of c l i e n t s in each c l u s t e r , x , 

derived from the r e s u l t s of the c l u s t e r a n a l y s i s . 

When rounded to integer values, the s i z e s were 

the same. Figure 5.5.2 shows these r e s u l t s . 

I t was concluded that the model was s i m u l a t i n g 

s u c c e s s f u l l y the s e r v i c e p r o v i s i o n for group 06. 

The weighting f a c t o r s w had been chosen 

a r b i t r a r i l y ( a l b e i t c a r e f u l l y ) and the next 

stage was to determine the "weight-space" or 

the range of values of weights which would 

produce the same r e s u l t . The f o l l o w i n g s e c t i o n s d e s c r i b e 

the a n a l y s i s of the weight-space and the 

r e l a t e d linear-programming models. 
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F i g u r e 5.5 . 1 V a l u e s o f u ^ ^ , B, a n d I n G r o u p 0 6 M o d e l 

1 = 0 6 , ^ , 1 1 1 , V = 

d l 

V a l u e s o f » 

1 - 1 
0 . 1 0 8 

2 

0 . 1 3 5 
3 

0 . 0 9 9 
4 

0 . 1 9 8 
5 

0 . 1 1 7 
e 

0 0 5 4 
7 

0 . 0 7 2 
8 

0. 126 
9 

0 . 0 5 4 
10 

0 . 0 3 6 

V a l u e s o f u, , , a n d B. 
i l k k 

m 
U l l k 

k \ 

I , 
1 2 3 4 5 6 7 8 9 10 

1 1.0 | 0 . 1 8 2 j 0. 1 4 3 i . O 

2 0 . 1 3 3 0 5 

3 0 . 0 6 7 0 . 0 9 1 0 . 0 7 1 1.0 

4 1.0 0 . 0 9 1 0 . 0 7 1 1.0 

5 0 . 2 5 0 . 0 9 1 0 . 1 2 5 0 . 2 1 4 0 . 2 5 

6 0.2 0 . 0 9 1 1.0 0 . 3 0 8 

7 0 . 0 9 1 0 . 0 7 7 0 . 1 2 5 

11 0 . 0 6 7 0 . 0 7 7 

12 0 . 1 3 3 0 . 0 7 7 

14 0 . 0 9 1 0 3 3 3 0 . 3 7 5 

15 0 . 0 8 3 0 . 0 6 7 0 . 0 4 5 0 . 0 7 1 

16 0 . 3 0 8 

17 0 . 1 6 7 0 . 4 5 5 0 . 1 3 6 0 . 9 2 3 0 3 3 3 1.0 0 . 3 5 7 0 . 8 3 3 

18 0 . 0 6 7 0 . 0 9 1 0 . 0 9 1 0 . 3 0 8 0 . 7 5 0 . 0 7 1 

. 19 0 . 1 8 2 0 . 0 4 5 0 8 3 3 0 . 1 2 5 0 . 2 8 8 1.0 

2 0 0 . 4 1 7 0 . 2 6 7 0 . 5 4 5 0 . 4 5 5 0 . 2 3 1 l 0 0 . 1 2 5 0 . 8 5 7 1.0 

21 0 . 1 6 7 0 . 0 6 7 0 . 1 8 2 0 . 0 4 5 0 . 0 7 7 0 . 2 1 4 

22 0 . 0 6 7 0 . 1 8 2 0 . 0 4 5 

23 0 . 0 8 3 0 . 1 8 2 0 . 2 2 7 0. 4 2 9 1.0 

24 0 . 0 9 1 0 . 2 5 

25 1.0 

26 0 . 1 4 3 

27 0 . 0 4 5 

28 0 . 4 6 7 0 . 0 4 9 0 . 8 7 5 1.0 

62 0 . 0 6 7 

73 0 . 0 6 7 

88 0 . 0 6 7 

- 132 -



Figure 5.5.2 R e s u l t s from t e s t model for group 06 

F i r s t run with w. , = x.„ l l l l 

Group 06, Size 111 c l i e n t s 

Mode Expected Model 
1 (o) (1 

X i l X i l 

1 12 12.3 

2 15 15.2 

3 11 10.8 

4 22 22.0 

5 13 13.0 

6 6 6.0 

7 8 8.0 

8 14 14.0 

9 6 5.9 

10 4 3.8 

TOTAL 111 111.0 
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5.6 Formulation of the Weight-Constraints Model 

When using the model with a l t e r n a t i v e modes of care as 

described i n Section 5.4, the weights w i n the o b j e c t i v e 

function were chosen a r b i t r a r i l y by choosing weights 

which were r e l a t e d to the expected group s i z e s , x . Q > 

r e s u l t i n g from the C l u s t e r A n a l y s i s . The next stage 

was to attempt a s e n s i t i v i t y a n a l y s i s of the weights. 

The aim was to determine what range of values of 

weights i n the l i n e a r programming model would r e s u l t 

i n the same optimum s o l u t i o n . 

When l i n e a r programming models are solved by the Simplex 

Method, some s e n s i t i v i t y a n a l y s i s can be performed by 

i n s p e c t i o n of values i n the f i n a l primal tableau, i n 

p a r t i c u l a r the values of the dual v a r i a b l e s . I t i s a l s o 

p o s s i b l e to deduce the s e n s i t i v i t y of the c o e f f i c i e n t s 

i n the o b j e c t i v e function as fo l l o w s : 

I f the Primal problem i s : 
T 

Maximise c_ x 

su b j e c t to A x ^ b, where x and £ 

are (n x 1) v e c t o r s , 

b i s (m x 1) , 

and A i s (m x n ) , 

then the i n i t i a l Simplex tableau can be w r i t t e n 

as: A I b 
T c 0 0 

and the f i n a l ( s o l u t i o n ) tableau as: 
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At the s o l u t i o n point, d~ <. 0, e 0, 

4 
and s i n c e , by the Simplex Method ; 

B 0 R 3 0 * 
X A I 0 b 

c j 1. d T T 
e 1 - f T 

c 0 1 0 
— < *> * — 

n m 1 

where B i s the b a s i s matrix formed by s e l e c t i n g columns of 

A or I corresponding to the s o l u t i o n v a r i a b l e s and C i s 
B 

the corresponding vector of c o e f f i c i e n t s or weights i n 

the o b j e c t i v e function, 

then BR = A 

BS = I 

Bx = b 
T „ J T T c R + d = c —g — — 
T T c S + e r O B 
T * * 

—B — " f = ° 

and d ^ 0 = > • 

and hence R = B A 

S = B" 1 

X*= B _ 1 b 
T T T d = c - c R ~. ~. B 

£ = -£ B
 s 

f = £ B x 

T 
e £ 0 

T T 
— ^ —B 
c B

T S > 0 

thus d e f i n i n g 
the f e a s i b i l i t y 
region for the 
weights c. 

These two i n e q u a l i t i e s : 
T T £ ^ £ B R 

c B
T S > 0 

(1) 

(2) 

thus provide a r e p r e s e n t a t i o n of the weight-space w i t h i n 

which the values of the weights must l i e . I f the weights 

are to be standardised then the equation 

V ^w., =1.0 I i i l 
i s added to the c o n s t r a i n t s . 
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The following paragraphs describe the a p p l i c a t i o n 

of t h i s weight-space to the s o c i a l s e r v i c e s 

planning problem. Se c t i o n 5.7 d e s c r i b e s a small 

t e s t problem and i t s weight-space, Se c t i o n 5.8 

de s c r i b e s the weight-space model constructed for a 

s i n g l e c l i e n t group with a l t e r n a t i v e packages of 

care, and S e c t i o n 5.11 d e s c r i b e s the weight-space 

model constructed for the C h e s t e r - l e - S t r e e t d i s t r i c t 

with a l t e r n a t i v e s packages of ca r e . 
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5.7 Test problem : determination of f e a s i b i l i t y 

region for weights 

The t e s t problem was a simple a l t e r n a t i v e mode 

model : 

Max 0.3 x, H + 0.2 x, „ + 0 . 4 x,, + 0.1 x,. 11 12 21 22 

subj e c t to 

0.5 x n + 0.6 x 1 2 + 5 x 2 1 <1 80 

11 + 3 x„, + 4 x„„ 21 22 50 

0.3 x n + 0.8 x 1 2 + 7 x 22 -= 40 

X l l + 12 60 

X21 + X22 40 

Solvi n g by Simplex, the i n i t i a l and f i n a l 

tableaux were: 

I n i t i a l tableau 

X l l X12 X 2 1 x„„ 22 S l S 2 S 3 S 4 S 5 

8 1 0.5 0.6 5 0 1 0 0 0 0 80 

S 2 1 0 3 4 0 1 0 0 0 50 

3 3 0.3 0.8 0 7 0 0 1 0 0 40 

S 4 1 1 0 0 0 0 0 1 0 60 

S 5 0 0 1 1 0 0 0 0 1 40 

0.3 0.2 0.4 0.1 0 0 0 0 0 0 

C l C 2 C 3 C 4 

i . e . A I b 
T C 0 0 
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F i n a l tableau 

X21 0 0 1 0 0754 0 1887 0 0188 0 -0 1132 0 9 24 

X l l 1 0 0 3 7736 -0 5660 0 9434 0 0 3396 0 22 26 

S 3 0 0 0 8 8868 -0 2830 0 4717 1 -0 6302 0 3 13 

X12 0 1 0 -3 7736 0 5660 -0 9434 0 0 6604 0 37 735 

S 5 0 0 0 0 9246 -0 1887 -0 0188 0 0 1132 1 30 753 

0 0 0 -0 3076 -0 0188 -0 1019 0 -0 1887 0 -17 923 

R s * 
X 

T 
e 

* 
- f 

The f e a s i b i l i t y region for the weights was defined 

by the two i n e q u a l i t i e s : 
T T 

C Q
T S > 0 (2) 

T 
In the t e s t problem, C = (C^ C 2 C 3 C 4 ) ; 

= ( C 3 C l ° °2 0 ) = 

R was (5 x 4) i n the f i n a l tableau; 

and S was ( 5 x 5 ) i n the f i n a l tableau. 

S u b s t i t u t i n g i n (1) gave: 

C l * °1 

C ^ C 
2 2 

C .< C 
3 ^ 3 

C 4 ^ 0.0754 C 3 + 3.7736 - 3.7736 C 

and i n (2) gave: 
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0.1887 c - 0.5660 c + 0.5660 c > 0 
O 1 ^ 

0.0188 c 3 + 0.9434 - 0.9434 o.2 ^ 0 

-0.1132 c q + 0.3396 c 1 + 0.6604 c , ^ 0 

thus g i v i n g four n o n - t r i v i a l i n e q u a l i t i e s to define 

the weight-space. 

These i n e q u a l i t i e s were then expressed i n terms 

of the weight r a t i o s c 2 3 4 
> y 

c c c 
1 1 1 

c (providing c f 0) 

i . e . A f t e r s i m p l i f i c a t i o n , 

C 3 + 3 C 2 > 3 (3) 

- c 3 + 5 0 c 2 < 50 (4) 

6c, ^ 3 (5) 

-c + 50c + 13.2626 c ^ 50 (6) 

Obviously (4) could be subsumed i n (6) s i n c e i n 

t h i s case c was p o s i t i v e . 

Using these i n e q u a l i t i e s ( 3 ) , (5) and ( 6 ) , the 

minimum and maximum fo r each r a t i o were found by 

a p p l i c a t i o n of the Simplex method: 

0 < c 1.20455 

10.22727 

3.99620 

(7) 
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Comparing with the o r i g i n a l c o e f f i c i e n t s of the 

t e s t problem, these were 

= 0.3 

= 0.2 

= 0.4 

= 0.1 

with corresponding r a t i o s c = 0.67, c = 1.33, 

0.33, thus v e r i f y i n g that the o r i g i n a l 

c o e f f i c i e n t s did l i e w i t h i n the defined ranges ( 7 ) . 

The t e s t problem was used to t r y out t h i s method 

of determining the weight-space. In the s p e c i f i c a t i o n 

of the a l t e r n a t i v e modes model another weight c o n s t r a i n t 

can be included because the weights are s p e c i f i e d as 

standardised values such that the sum of a l l the 

weights equals one. 

Using t h i s c o n s t r a i n t i t i s then unnecessary to s p e c i f y 

the weight c o n s t r a i n t s as r a t i o s . 

The next s e c t i o n d e s c r i b e s the a p p l i c a t i o n of the 

weight-constraint model to the t e s t model for group 06. 

w 
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5.8 Group 06 model : determination of f e a s i b i l i t y region 

for weights 

As was described i n s e c t i o n 5.5 above, the a l t e r n a t i v e 

mode model was f i r s t constructed for c l i e n t group 06 

with ten a l t e r n a t i v e modes of care. 

The model was: 

Choose the x., to Maximise 
1 1 i 1 

£ — ~ ~ l l l l 

s u b j e c t to / / x., u.,_ <^B, , for a l l k; e—~ l l i l k ^ k l 1 

*r~ x.-, = d.. for a l l i ; l i l I 

i ^— ^ — w and ^— w =1.0 i s a 
con d i t i o n of 
the data. 

N.B. Th i s model has i = 06 only. There are 10 unknowns 

( x ^ ) and 47 c o n s t r a i n t s (45 s e r v i c e s and 2 s i z e 

c o n s t r a i n t s > ^ and ^ ) 

Thi s model was run with data from the census and the 

r e s u l t i n g values f o r x ^ were d i r e c t l y comparable with 

the expected values obtained from the C l u s t e r A n a l y s i s 

(see Figure 5.5.2). 

I n order to determine the f e a s i b i l i t y region for the 

weights i n t h i s model, i t was necessary to model the 

weight c o n s t r a i n t s (1) and (2) described i n S e c t i o n 5.6 

above. 
T T i e £ ^ c B R (1) 

g s > 0 (2) 

In t h i s case the c o e f f i c i e n t s of the o b j e c t i v e function 

are the weights w. 
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In a d d i t i o n , as shown i n Section 5.6, 

S = B ^ ( i e the i n v e r s e of the B a s i s Matrix B) 

and R = B _ 1A. 

When the computer package MPSX i s used to solve 

l i n e a r programming problems i t i s p o s s i b l e to p r i n t 

the i n v e r s e matrix B 1 at the optimal s o l u t i o n and 

to p r i n t a l i s t of those v a r i a b l e s s e l e c t e d for the 

s o l u t i o n b a s i s . Thus B ^ can be found and B "'"A can 

then be c a l c u l a t e d . The weights w corresponding to 
B 

the v a r i a b l e s s e l e c t e d for the s o l u t i o n b a s i s can 

then be i d e n t i f i e d and thus a l l the data i s a v a i l a b l e 

f o r s u b s t i t u t i o n i n (1) and ( 2 ) . 
T T -1 i e w <. w B A for (1) 

" o 
T -1 and w B ^ 0 for (2) B 

The a d d i t i o n a l c o n s t r a i n t 21 ^1 = 1.0 was 

added to the s e t of c o n s t r a i n t s to sta n d a r d i s e the 

weights. 

For the group 06 model, there were 10 unknowns (w ) , 
-1 T A was (28 x 10), B was (10 x 10), w was (1 x 10), 

T 

w was (1 x 28), thus the weights model contained 28 

c o n s t r a i n t s corresponding to (1) and 10 c o n s t r a i n t s 

corresponding to (2) together with one equation to 

stan d a r d i s e the weights. 

The following procedure was used: 

(a) The model of the group 06 s e r v i c e p r o v i s i o n , 

described at the beginning of t h i s S e c t i o n and 

in Section 5.5, was run with data from the 

census using the computer package MPSX to 

solve the model and the MPSX subroutine to 
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p r i n t the i n v e r s e b a s i s matrix at the 

optimal s o l u t i o n point and to p r i n t 

the l i s t of v a r i a b l e s i n the s o l u t i o n 

b a s i s . 

T 
(b) The vector w was constructed using the 

o 
l i s t of v a r i a b l e s i n the s o l u t i o n b a s i s . 

(c) The i n v e r s e matrix B * was e x t r a c t e d i n the 

c o r r e c t column sequence, using the i n v e r s e 

p r i n t e d by MPSX and the l i s t of b a s i c 

v a r i a b l e s i n the s o l u t i o n . 

T -1 (d) The vector w B was constructed. B 

T -1 (e) The c o n s t r a i n t s w B ^ 0 were l i s t e d . B 

T -1 ( f ) The vector w B A was c a l c u l a t e d using B 
a s p e c i a l l y w r i t t e n computer program. 

T T -1 
(g) The c o n s t r a i n t s w ^ B A were 

l i s t e d . These a l l proved to be of the 

form w._ ^ w.,, for a l l i and 1. l l ^ l l 

( T h i s r e s u l t i s a consequence of the "shape" 

of the group 06 model, which has more c o n s t r a i n t s 

than r e a l v a r i a b l e s . Section 5.12.1 d i s c u s s e s 

an a l t e r n a t i v e p r e s e n t a t i o n of the weight 

c o n s t r a i n t s , obtained by a d i f f e r e n t 

p a r t i t i o n i n g of the Simplex tableau, which e l i m i n a t e s 

t h i s type of W., ̂W., r e s u l t . S e c t i o n 5.12.6 l l l l 
d i s c u s s e s the "shape" of the LP problem). 
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The c o n s t r a i n t 7_ Z_ w • •, = 1-0 was 
i 1 1 1 

T -1 added to the set of c o n s t r a i n t s w_ B 0 
—a 

to form the weight-space model. 

These c o n s t r a i n t s are shown i n f i g u r e 5.8.1. 

These c o n s t r a i n t s were input to a new MPSX 

model which maximised and minimised each of 

the weights i n turn. 
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R e s u l t s for t h i s model are shown i n f i g u r e 5.8.2. 

I t can be seen that some of the points i d e n t i f i e d 

are maxima or minima for more than one weight. 

The i n i t i a l group 06 model was then t r i e d with 

s i x separate s e t s of weights to discover what e f f e c t 

the values of the weights might have. The f i r s t new 

set was chosen with reference f i r s t l y to the o r i g i n a l 
(o) 

values x. n l l 

1 1 l l 

of the weights, secondly to t h e i r minimum and maximum 

values and t h i r d l y to the a c t u a l d e s c r i p t i o n s of the 

modes of care and a s u b j e c t i v e assessment of preference, 

g i v i n g a s e t of perturbed weights. 

Appendix 11 shows t h i s data, i . e . the ten modes of 

care f o r c l i e n t group 06 together with weights, c l i e n t 

numbers and s e r v i c e d e s c r i p t i o n s . 

Subsequent s e t s of weights were perturbed as shown i n 

Figure 5.8.3, p r e s e r v i n g always the r e l a t i o n 

Z . w A 1 = 1.0. 

Even when some weights were a l t e r e d to four times t h e i r 

o r i g i n a l s i z e , the values of x changed very l i t t l e 

and when rounded to integer values they were unchanged 

i n a l l c a s e s . Figure 5.8.3 compares the weights w 

and r e s u l t s x., for each of these s i x runs with those l l 
for the f i r s t run of the model and with the expected 

(o) 
values x., l l 

The next stage was to extend the s e r v i c e - a l l o c a t i o n 

model to include a l l c l i e n t groups. T h i s i s described 

i n the f o l l o w i n g s e c t i o n . 
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Figure 5.5.3 Results from test model for group 06 
Six subsequent runs (2) to (7) with perturbe.d weights 
Comparison with f i r s t run, w^Cl) and i (1) 

and expected allocations J t
1 1

l ° ' 

i 1 
C i l 

'ia 
l i 2 

'13 
C i 3 

i5 
S i 5 

*i6 

K16 

"17 

*17 

"iS 
l i 8 

'iO 
C19 

'no 
cno 

( o ) 

C i l (1) (2) (3) C4) (5) (6) (7) 

0.108 0.110 0.112 0.106 0.133 0.083 0.115 

12 12.28 12.28 12.28 12.19 12.30 12.12 12.05 

0.135 0.130 0.125 0.140 0.059 0.211 0.060 

15 15.15 15.15 15.15 15.22 15.03 15.22 14.96 

0.099 0.103 0.107 0.095 0.121 0.077 0.060 

11 10.77 10.76 10.76 10.87 10.78 10.97 10.79 

0.198 0.201 0.204 0.195 0.238 0.158 0.080 

22 21.99 21.99 21.99 22.00 22.01 22.03 22.03 

0.117 0.120 0.123 0.114 0.146 0.088 0.100 

13 13.OS 13.05 13.05 12.92 13.05 12.82 13.05 

0.054 0.050 0.046 0.059 0.023 0.085 0.130 

6 6.01 6.01 6.01 5.99 6.04 5.99 6.06 

0.072 0.068 0.064 0.077 0.029 0.115 0.100 

8 8.01 8.01 8.01 8.04 7.98 8.07 8.00 

0.126 0.130 0.133 0.122 0.165 0.087 0.080 

14 14.02 14.02 14.02 14.02 14.02 14.02 14.02 

0.054 0.058 0.062 0.050 0.074 0.038 0.145 

6 5.94 5.95 5.95 5.88 6.02 5.86 6.04 

0.036 0.030 0.024 0.042 0.012 0.060 0.130 

4 3.78 3.77 3.77 3.85 3.75 3.90 4.01 

CHOICE OF PERTURBATIONS IN WEIGHTING FACTORS 

RUN (2) Selected perturbations of between 2% and 16% up or down. 

(3) Double the changes of run (2) 

(4) Perturb the same amount as run (2) but in the opposite direction 

(5) Changes of ten or twelve times the si z e of those in (2) 

(6) As (5) but in the opposite direction 

(7) Large perturbations of between 7% and 260%, with increases and decreases 
in different weightings from the other runs. 
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5.9 Test model fo r a random sample i n c l u d i n g a l l c l i e n t groups 

I t was f i r s t l y decided that a random sample of 

the whole census data should be used so that the 

r e s u l t s from such a model could be compared 

with r e s u l t s from s i m i l a r models derived 

from other random samples of the census data. 

Section 6.5.1 d e s c r i b e s the e x t r a c t i o n of the 

f i r s t random sample of 1015 records and the 

t e s t s performed to ensure that the sample 

was a r e p r e s e n t a t i v e sample. 

The model used was the same as that postulated 

i n s e c t i o n 5.4.1, i . e . 
E E w. Choose the x., to maximise , ' x., l l l 1 i l l l 

Subject to 2 ? x., u.,, ^ B , for a l l k; i 1 l l i l k k 
^ x = d i > for a l l i 

v y 
and , w. =1.0- i s a c o n d i t i o n of 

the data. 

As i n the case of the group 06 t e s t model, the 

s e r v i c e a l l o c a t i o n s for the a l t e r n a t i v e modes of 

care, u.,, , were s e l e c t e d from the c l u s t e r a n a l y s i s i l k 
of the whole of the census data and the weights w , 

l l 
were c a l c u l a t e d i n proportion to the known s i z e of 

each c l u s t e r , x
i l ^ ° ^ ' 

(o) . . £ (o) i . e . w ± 1 = x ^ and d ± = 1 x ^ 

d i 
The s e r v i c e t o t a l s B, were found from 

k 
B. = S E

 x
 ( 0 ) u M , for a l l k. K . i l A i i i l k , 
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When t h i s model was run i t was found that 

only 17 r e a l v a r i a b l e s x were s e l e c t e d for 

the optimal s o l u t i o n and no a l t e r n a t i v e optimal 

s o l u t i o n s were i n d i c a t e d . Consideration of 

t h i s r e s u l t suggested that t h i s sample of data 

appeared to have a d i f f e r e n t optimum from the 

whole data set and that there appeared to be 

some form of suboptimising o c c u r r i n g . This 

could happen i f the chosen sample was 

unrepresentative of the whole data or i f the 

assignment of c l i e n t s to modes for t h i s sample 

was not adequately represented by the c l u s t e r 

a n a l y s i s of the whole data s e t . 

Further c o n s i d e r a t i o n l e d to the suggestion that, 

i n s t e a d of using a random sample, a geographical 

" d i s t r i c t " should be used. In t h i s case i t 

would be l i k e l y that the c l i e n t s e r v i c e p r o v i s i o n , 

having been s e l e c t e d by a s i n g l e team of s o c i a l 

workers, could be expected to be more homogeneous 

than that a r i s i n g from a random sample. Consequently 

i t was then decided to use the data for Chester-

l e - S t r e e t d i s t r i c t , the number of c l i e n t s being 

730 and therefore of reasonable s i z e . 
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5.10 The C h e s t e r - l e - S t r e e t model 

The data for C h e s t e r - l e - S t r e e t d i s t r i c t was 

ex t r a c t e d from the whole census data and analysed 

as described below i n Section 6.5. For each 

c l i e n t group i the c l i e n t s were a l l o c a t e d to 

modes of care 1 i n accordance with the C l u s t e r 

A n a l y s i s of the whole census data. Thus for 
(o) each i and 1 the number of c l i e n t s x., l l 

i n C h e s t e r - l e - S t r e e t d i s t r i c t was known and 

so was the a l l o c a t i o n of a p a r t i c u l a r s e r v i c e k. 

Hence the a l l o c a t i o n s a.,, of current s e r v i c e 
i l k 

p r o v i s i o n could be used to determine u.,, the 
i l k 

a l l o c a t i o n per c l i e n t i n mode 1 of group i 

r e c e i v i n g s e r v i c e k: u.., = a.,, 
i l k i l k 

(o) 
X i l 

S i m i l a r l y , B
k = | | a i l k ' f ° r a 1 1 k ' W a s u s e d 

to determine the t o t a l amount of s e r v i c e k 

a v a i l a b l e i n Chester d i s t r i c t ; 
£ (o) 

d. = , x.., , f o r a l l i , was used to l 1 l l 
f i n d the s i z e of each group i i n Chester d i s t r i c t . 

The f i r s t s e t of weightings used was: 
(o) 

w ., = x l l l l 
Z I (o) 
i 1 x i l 

i n the m o d e l s s t a t e d i n Section 5.4.1, i . e . 

Choose the x., to maximise 5 f w., x,, i l i 1 l l i l 

su b j e c t to I I x ± 1 u . l k 4 f o r a l l k . 

? x.. = d., for a l l i ; 1 l l i 
and ? ^ w i S a condition l 1 i l - l-O 

of the data. 
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However the r e s u l t s f o r x., g i v e n by t h i s model 
l l 

d i d not seem t o be c l o s e enough t o the expected 
<o) 

values x., t o be a c c e p t a b l e , so i t was decided 
lx 

t o t r y a d i f f e r e n t s e t of w e i g h t i n g s . The f i r s t 

s e t had been chosen i n r e l a t i o n t o the group 

s i z e expected i n each group and each mode; 

the new s e t was r e l a t e d t o the s e r v i c e a l l o c a t i o n s 

expected i n each group and each mode. 
£ (o) Thus: w, = x u. l l k l l i l k Z E E (o) 
i l k X i l U i l k 

The r e s u l t s f o r x., from t h i s model seemed t o l l 
be b e t t e r i n t h e i r r e l a t i o n t o t h e expected 

(o) 
v a l u e s x., i l 

Appendix 12 compares t h e expected v a l u e s 

x , w i t h those a r r i v e d a t u s i n g t h e model l l 
and the two s e t s o f w e i g h t i n g s . 

Since t h e number o f c o n s t r a i n t s was much s m a l l e r 

than t h e number o f r e a l v a r i a b l e s i n t h e model 

(79 c o n s t r a i n t s a r i s i n g from 45 s e r v i c e 

r e s o u r c e c o n s t r a i n t s and 34 group s i z e c o n s t r a i n t s 

f o r C h e s t e r - l e - S t r e e t d i s t r i c t ; 340 r e a l v a r i a b l e s 

from t h e 34 groups, 10 modes i n each group) i t 

was apparent t h a t t h e model had many p o s s i b l e c h o i c e s 
Q 

o f r e a l v a r i a b l e s (340 79 when a l l s l a c k s were 

zero ) from which t o form a b a s i s . I t was t h e r e f o r e 

not s u r p r i s i n g t o f i n d t h a t m u l t i p l e o p t i m a l 

s o l u t i o n s e x i s t e d . The l i s t s i n Appendix 12 

show o n l y one o f these o p t i m a l s o l u t i o n s f o r 

each s e t o f w e i g h t s . I t would be p o s s i b l e t o 
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.arrange f o r the computer package t o move from 

one o p t i m a l s o l u t i o n t o another s i n c e the 

package shows which v a r i a b l e s are a l t e r n a t i v e 

b a s i c v a r i a b l e s , but t h i s was n o t a t t e m p t e d . 

At t h i s stage i t was decided t o i n v e s t i g a t e 

th e weight-space c o r r e s p o n d i n g t o t h e Chester-

l e - S t r e e t d i s t r i c t model. S e c t i o n 5.11 d e s c r i b e s 

t h e i n v e s t i g a t i o n . 

Subsequently the C h e s t e r - l e - S t r e e t model was 

used t o p r e d i c t s e r v i c e r e s o u r c e needs i n t h e 

event o f demographic changes i n t h e d i s t r i c t . 

T h i s i s d e s c r i b e d i n Chapter 8. 
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5.11 C h e s t e r - l e - S t r e e t d i s t r i c t : d e t e r m i n a t i o n o f 

f e a s i b i l i t y r e g i o n f o r w e i g h t s 

Once t h e f e a s i b i l i t y r e g i o n f o r w e i g h t s had been 

c o n s t r u c t e d f o r t h e group 06 model, t h i s showed 

th e v i a b i l i t y o f t h e method f o r d e t e r m i n i n g the 

f e a s i b i l i t y r e g i o n f o r w e i g h t s . (See s e c t i o n 5.8), 

As d e s c r i b e d i n S e c t i o n 5.10 above, an a l t e r n a t i v e 

mode model was c o n s t r u c t e d f o r C h e s t e r - l e - S t r e e t 

d i s t r i c t . A l l c l i e n t groups were i n c l u d e d and each 

group had t e n a l t e r n a t i v e modes o f care as d e f i n e d by 

the r e s u l t s o f t h e C l u s t e r A n a l y s i s . When t h i s model 

was r u n , m u l t i p l e o p t i m a l s o l u t i o n s e x i s t e d . T a k i n g 

one o f these s o l u t i o n s , v i z . t h a t p r i n t e d by t h e MPSX 

package, the we i g h t c o n s t r a i n t s c o u l d then be model l e d . 

The s i z e o f t h e Chester w e i g h t s model was . much 

l a r g e r t h a n f o r group 06 al o n e , so a m o d i f i e d procedure 

was used t o c o n s t r u c t t h i s model. The s i z e s were: 

34 c l i e n t groups, 10 modes i n each group, 340 unknowns 

( w i ; L ) , A was (113 x 340), B _ 1 was (113 x 113), w T was 
T 

( 1 x 340), w was ( 1 x 113), thus t h e w e i g h t s model 
o 

c o n t a i n e d 340 c o n s t r a i n t s c o r r e s p o n d i n g t o (1) i n 

S e c t i o n 5.8"above and 113 c o n s t r a i n t s c o r r e s p o n d i n g 

t o (2) i n S e c t i o n 5.8 above, t o g e t h e r w i t h one 

e q u a t i o n t o s t a n d a r d i s e t h e w e i g h t s . 

The m o d i f i e d procedure used was: 

(a) The l i s t o f b a s i c v a r i a b l e s (52 r e a l s and 61 

s l a c k s ) was e x t r a c t e d from t h e MPSX s o l u t i o n 

t o t h e a l t e r n a t i v e modes model f o r C h e s t e r - l e -

S t r e e t . 
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T The v e c t o r w was c o n s t r u c t e d u s i n g t h i s B 

l i s t o f b a s i c v a r i a b l e s . 

The i n v e r s e m a t r i x B ^ was not e x t r a c t e d 

from MPSX, i t s s i z e (340 x 340) b e i n g 

u n s u i t a b l e f o r m a n i p u l a t i o n i n t h e same 

way as f o r the group 06 model. I n s t e a d B ^ 

was c o n s t r u c t e d as f o l l o w s : 

( i ) The m a t r i x A (113 x 113) was c o n s t r u c t e d . 
s 

T h i s was formed by s e l e c t i n g 52 columns, 

c o r r e s p o n d i n g t o the r e a l v a r i a b l e s i n t h e 

s o l u t i o n b a s i s , from t h e i n i t i a l m a t r i x A 

(113 x 340) o f c o e f f i c i e n t s i n t h e c o n s t r a i n t s 

o f t h e r e s o u r c e a l l o c a t i o n model; and by 

c o n s t r u c t i n g 61 columns t o c o r r e s p o n d t o 

t h e s l a c k v a r i a b l e s i n t h e s o l u t i o n b a s i s : 

these 61 columns were t h e c o r r e s p o n d i n g 

columns o f t h e u n i t m a t r i x I (113 x 113). 

( i i ) A^ was i n v e r t e d , u s i n g t h e Numerical 

A l g o r i t h m s Group (NAG) computer package, 
t o form B 1 . 

T - 1 
The v e c t o r w B was c o n s t r u c t e d . 

T - 1 The c o n s t r a i n t s w B ^ 0 were l i s t e d . D 
T - 1 

The v e c t o r w B A was c a l c u l a t e d u s i n g 
o 

a s p e c i a l l y w r i t t e n computer program. 
T T - 1 The c o n s t r a i n t s w w B A were l i s t e d . B 

The c o n s t r a i n t ' ? " w., = 1.0 was added 
T - 1 t o t h e two s e t s o f c o n s t r a i n t s w B ^.0 B ^ 

J T „ T - 1 A and w <c w B A B 

t o form t h e weight-space model f o r Chester 

d i s t r i c t . 

- 155 -



( i ) These c o n s t r a i n t s were i n p u t t o a new 

MPSX model which maximised / / w , x., 
T 1 1 1 1 1 

f o r values of x̂  ̂  e qual t o the C l u s t e r 

A n a l y s i s v a l u e s x , y i l 
The r e s u l t o f t h i s model, 

^ W i l X i l i e Choose t h e w., t o Maximise 
1 1 i 1 

T . T - 1 , s u b j e c t t o w <C w B A, B 
T „-l V r, 

—B > °. 
and y~w , = 1.0. 

i 1 1 1 

was t o choose o n l y one w e i g h t , 

1 6 W43,3 = 1 - 0 ' a n d 

a l l o t h e r w e i g h t s = 0.0. 

T h i s i s an extreme p o i n t o f t h e weight-space. 

I n o r d e r t o f i n d o t h e r extreme p o i n t s t h e model was 

r u n w i t h t h e o b j e c t i v e b e i n g t o Maximise i n t u r n each 

o f t h e w e i g h t s f o r each o f t h e t e n modes o f care i n 

f o u r c l i e n t groups, v i z . groups 06, 18, 35, 43. 

F i g u r e 5.11.1shows the maximum v a l u e o f each weight 

when t h a t w e i g h t was b e i n g maximised. 

From these runs o f the model i t c o u l d a l s o be deduced 

t h a t t h e minimum v a l u e o f every w e i g h t was zer o . 

F i g u r e 5.11.1 shows , i n a d d i t i o n , f o r c l i e n t group 18, 

when t h e o b j e c t i v e was t o Maximise t h e we i g h t g i v e n t o 

mode 7 o f c a r e , t h e v a l u e s o f t h e o t h e r w e i g h t s a t t h e 

optimum s o l u t i o n p o i n t , i . e . t h e complete s p e c i f i c a t i o n 

o f an extreme p o i n t . T h i s i s shown as an example o f 

t h e r e s u l t s o b t a i n e d f o r groups 06, 18, 35 and 43. 
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I t i s c l e a r t h a t t h e s p e c i f i c a t i o n o f weight-space 

i s p o s s i b l e i n the manner d e s c r i b e d . Probably the 

most u s e f u l f e a t u r e i s t h a t i f a s e t o f w e i g h t s i s 

p o s t u l a t e d , the model can be used t o assess the 

f e a s i b i l i t y o f the s e t . 

The n e x t s e c t i o n (5.12) takes the weight-space problem 

and d i s c u s s e s o t h e r p o s s i b l e approaches which c o u l d 

be t a k e n . 
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F i g u r e 5.11.1 

Maximum values o f w e i g h t s w f o r C l i e n t Groups 06, 18, 35, 43 

i n C h e s t e r - l e - S t r e e t d i s t r i c t 

Mode 
1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

C l i e n t 
Group 

i 
06 

1.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

18 

0.2 
0.25 
0.307 
0.772 
1.0 
0.272 
0.346 
0.2 
0.56 
0.428 

35 

0.5 
1.0 
0.757 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.757 

43 

0.701 
0.25 
1.0 
0.25 
0.25 
0.25 
0.333 
0.25 
0.365 
0.25 

Minimum value s f o r these w e i g h t s were a l l z e r o . 

Example o f Extreme P o i n t S o l u t i o n : 

Maximise Weight f o r group 18, mode 7 

The s o l u t i o n i n c l u d e s t h e f o l l o w i n g non-zero w e i g h t s , a l l 

o t h e r w e i g h t s b e i n g z e r o . 

C l i e n t Group 

3 
18 
18 
18 
18 
25 

Mode 

2 
2 
4 
5 
7 
8 

Weight 

0.027 
0.173 
0.058 
0.223 
0.346 
0.173 
1.0 

- 158 -



5.12 Other Approaches t o the Weight-Space Problem 

5.12.1 A l t e r n a t i v e P r e s e n t a t i o n o f t h e Weight C o n s t r a i n t s 

Tnstead o f p r e s e n t i n g t h e w*?igh.t c o n s t r a i n t s as i n 

S e c t i o n 5.4, an a l t e r n a t i v e and perhaps p r e f e r a b l e 

p r e s e n t a t i o n can be achieved by a d i f f e r e n t p a r t i t i o n i n g 

o f the Simplex t a b l e a u . 

For the problem Ax ^ b, ^ x t o max; 

where A i s (mxn) , b_ i s (m x 1) , W i s (n x 1) ; the 

i n i t i a l Simplex t a b l e a u can be w r i t t e n i n terms o f the 

ba s i s m a t r i x as: 

m 
1 

B AR XR 0 b 
T T W 0 1 0 -B —R > < =»• •* y * > •+—*• 

m n - t t 1 1 

where B r e p r e s e n t s an (m x m) b a s i s m a t r i x made up o f 

t columns o f A r e p r e s e n t i n g t h e r e a l v a r i a b l e s i n t h e 

b a s i s and (m - t ) columns o f I r e p r e s e n t i n g the s l a c k 

v a r i a b l e s i n t h e b a s i s , 
A r e p r e s e n t s t h e ( n - t ) r e m a i n i n g columns o f A, R 
I r e p r e s e n t s t h e t r e m a i n i n g columns o f I , R T 
Wg r e p r e s e n t s t h o se c o e f f i c i e n t s o f t h e o b j e c t i v e f u n c t i o n 

which c o r r e s p o n d t o b a s i c v a r i a b l e s 
T and W r e p r e s e n t s those c o e f f i c i e n t s o f t h e o b j e c t i v e R 

f u n c t i o n which c o r r e s p o n d t o non-basic v a r i a b l e s . 

When an o p t i m a l s o l u t i o n i s reached, t h i s means t h a t B 0 G H J 0 X 
T 

^B 1 £ h 1 1 * 
- f 

where G i s o f s i z e (m x m), 

H i s (m x n - t ) , 

J i s (m x t ) , 

B AR h 0 b 
T T W„ 0 1 0 —B —R 

(1) 

X i s (m x 1) , 
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£ i s ( 1 x m) , 

h i s ( 1 x n - t ) , 

a n H i i a ( ~\ -v- t ̂  
J i . - ~ v - — - , 

At the optimum, whence f cannot be improved, t h e 

values i n the o b j e c t i v e row are a l l n e g a t i v e or zero 

except the c o e f f i c i e n t o f f t h e o b j e c t i v e f u n c t i o n . 

Thus £ ^ 0 , h ^ . O , 2 ^ 0 . 

Expanding t h e e x p r e s s i o n (1) above g i v e s : 

BG = B, hence G = I ; 

BH = V hence H = B " \ ; 

BJ = hence J = *\> 
Bx* = b. hence 

* 
X = B ^ b ; 

T 
WB G + S. 

T 
= *B ' hence £ = 0; 

T 
WB H + h 

T hence h = T T - l W„ - W„ B —R —B 

T 
J 

+ A = o, hence 1 = 
T - 1 -W„ B I • —B R' 

T * * 
- f = o, hence * 

f = 
T * 

*B i • 

V 

Thus at t h e optimum, g = 0; 

W - W B A ^ 0; ( I e n - t i n e q u a l i t i e s ) K o K 
T - 1 

W o B x n ^ °- ( i e t i n e q u a l i t i e s ) 

Thus, a l t o g e t h e r t h e r e are n i n e q u a l i t y c o n s t r a i n t s 

f o r t h e w e i g h t s . 

I f t h e r e are m u l t i p l e s o l u t i o n s , some o f these n 

i n e q u a l i t i e s w i l l become equa l t o z e r o . 

So t h e r e w i l l be a t most n i n e q u a l . > n a l t o g e t h e r + some e q u a t i o n s ' 
i l i t i e s ( 

> n a l 
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I n t h e a c t u a l case we can assume t h a t a l l n r e a l 

v a r i a b l e s can appear i n the s o l u t i o n . 

So (n - m) v a r i a b l e s , which d i d not appear i n the 

f i r s t a l t e r n a t i v e s o l u t i o n , c o u l d be brought i n t o 

the s o l u t i o n , hence t h e r e w i l l be (n - m) e q u a t i o n s : 
T T - 1 W„ - W o B A„ = 0, -R -B R 

thus l e a v i n g m i n e q u a l i t i e s : 

B- 1 I R > 0. 

Appendix 15 shows an example o f t h i s a l t e r n a t i v e 

p r e s e n t a t i o n o f the w e i g h t c o n s t r a i n t s f o r a s m a l l 

example h a v i n g f i v e r e a l v a r i a b l e s and two c o n s t r a i n t s ; 

t h e a c t u a l , known s o l u t i o n h a v i n g f i v e non-zero 

v a r i a b l e s . 

Now t a k e the s p e c i a l case o f A £ = J j , W X t o maXjin<n 

Now I does n o t e x i s t and t h e e x p r e s s i o n (1) s i m p l i f i e s R 
t o : 

B 0 
T 1 -B 

G H 0 X 
* 

h 1 - f 

B B R 
T W W„ -B —R 

(2) 

w i t h s i z e s B (m x m) , G (in x m) , A (m x n-m) , H (m x n-

x (m x 1 ) , g ( 1 x m) , W ( 1 x m), h ( 1 x n-

W R
T ( 1 x n̂ m") . 

At t h e optimum, £ ^ 0, h ^ 0. 

Expanding (2) g i v e s : 

BG = B, hence G = I ; 

BH = A , hence H = B A ; 
R R 

BX*= b̂ , hence x* = B - 1 b; 
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WB
T G + £ = WB

T, hence K = 0; 
T T T T - 1 W„ H + h = W , hence h = W„ - W„ B A„; -B — —R — —R —B R' 

Wn x - f = 0 , hence f = WD x . B B 

Thus, at the optimum, g = 0; 
T T - 1 W_ - W_, B A„ ^ 0 —R -B R 

i e (n - m) i n e q u a l i t y c o n s t r a i n t s f o r t h e w e i g h t s . 

Since a t the a c t u a l optimum t h e r e must be m u l t i p l e 

s o l u t i o n s ( a l l n v a r i a b l e s have non-zero v a l u e s ) , so 

t h a t t h e s o l u t i o n i n n v a r i a b l e s i s a l i n e a r m u l t i p l e 

o f o t h e r s o l u t i o n s ; t h e n some o f these i n e q u a l i t i e s 

w i l l be e q u a t i o n s , e q u a t i n g t o ze r o . 

I f t h e r e are m b a s i c v a r i a b l e s and n r e a l v a r i a b l e s 

t h e n t h e r e c o u l d be up t o (n - m) a l t e r n a t i v e s o l u t i o n s 

each b r i n g i n g an a l t e r n a t i v e v a r i a b l e i n t o t h e s o l u t i o n 

I n t h i s case a l l (n - m) i n e q u a l i t i e s would reduce t o 

e q u a t i o n s , e q u a t i n g t o z e r o . 
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5.12.2 P a r a m e t r i c Programming 

An a l t e r n a t i v e way o f d e f i n i n g t he weight-space i s 

t o f i n d a l l i t s extreme p o i n t s . The maxima and minima 

f o r t h e w e i g h t s , as found f o r the s m a l l t e s t model i n 

S e c t i o n 5.7 or f o r t h e group 06 model i n S e c t i o n 5.8, 

le a d t o o n l y some o f the extreme p o i n t s . 

One p o s s i b i l i t y which was e x p l o r e d was t o use p a r a m e t r i c 

programming t o p e r t u r b t h e o b j e c t i v e f u n c t i o n and thus 

t o f i n d a n other b a s i c f e a s i b l e s o l u t i o n which then 

became o p t i m a l . T h i s new s o l u t i o n would be assocated 

w i t h a d i f f e r e n t extreme p o i n t . 

The p a r a m e t r i c programming f a c i l i t y PARAOBJ i n t h e IBM 

MPSX package was used t o t r y t h i s method and i t proved 

p o s s i b l e t o p e r t u r b t h e o b j e c t i v e f u n c t i o n as d e s c r i b e d 

and t o reach a new extreme p o i n t , but t h e s p e c i f i c a t i o n 

o f t h e p e r t u r b a t i o n parameters was a r b i t r a r y and 

u n s a t i s f a c t o r y . The p e r t u r b a t i o n parameters had t o be 

s p e c i f i e d as i n p u t v a l u e s , which were t h e r e f o r e p r e - s e t 

and f i x e d f o r each r u n o f t h e model. I n o r d e r t o use 

t h e p a r a m e t r i c programming method t o f i n d a l l extreme 

p o i n t s some form o f automated a l t e r i n g o f parameters 

would be needed. 
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5.12.3 Extreme P o i n t s o f the Weight-space 

As s t a t e d above, an a l t e r n a t i v e way o f d e f i n i n g t he 

weight-space i s t o f i n d a l l i t s extreme p o i n t s . 

There may be a v e r y l a r g e number o f th e s e : i f t h e r e 

are n r e a l v a r i a b l e s x w i t h c o r r e s p o n d i n g w e i g h t s 

W^, then t h e r e are (n - m) c o n s t r a i n t s on the 

wei g h t s (see S e c t i o n 5.12.1), where m i s the number o f 

resources p l u s t h e number o f c l i e n t groups ( i . e . t h e 

number o f c o n s t r a i n t s on x i n t h e LPAM model); 

c o n s e q u e n t l y t h e maximum number o f extreme p o i n t s i s 

C , b e i n g t h e number o f ways o f ch o o s i n g (n - m) n n—m 

ba s i c w e i g h t - v a r i a b l e s from t h e n a v a i l a b l e . Each 

extreme p o i n t corresponds t o a b a s i c f e a s i b l e s o l u t i o n , 

b u t every s e l e c t i o n o f a b a s i s may n o t be f e a s i b l e , so 

C r e p r e s e n t s a maximum. The maximum number o f n n-m 
extreme p o i n t s i s thus C o r C . For example, 

T\ n-m n m 
i f t h e r e are 35 c l i e n t groups, w i t h 10 modes o f care i n 

each, and 45 s e r v i c e s , t h e n n = 350, m = 80, 
I 80 C = approx. 59; or 10 r> m 
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5.12.4 Extreme P o i n t s o f the x-spaee 

Another approach i s t o c o n s i d e r the extreme p o i n t s , 

not o f t h e w e i g h t space, but of the o r i g i n a l problem, 

i . e . the x-space. The o r i g i n a l c o n s t r a i n t s were 

A X^_b, so extreme p o i n t s of t h e f e a s i b l e r e g i o n can 

be e v a l u a t e d by choosing a b a s i s m a t r i x B and 

c a l c u l a t i n g x = B ^b. S e l e c t i o n o f a b a s i s may not 

always y i e l d a f e a s i b l e s o l u t i o n , but t h e maximum 

number of extreme p o i n t s i s c , where n i s t h e 
n m 

number o f r e a l v a r i a b l e s and m i s t h e t o t a l number 

of r e s o u r c e and group s i z e c o n s t r a i n t s . T h i s takes 

account o f the f a c t t h a t t h e a c t u a l s o l u t i o n 

( r e p r e s e n t i n g t h e c u r r e n t s i t u a t i o n ) occurs where a l l 

c o n s t r a i n t s are f u l l y s a t i s f i e d and so a l l s l a c k 

v a r i a b l e s are z e r o , i . e . A x = b̂ . There may thus be 

a v e r y l a r g e number o f extreme p o i n t s , as i n t h e 
p r e v i o u s s e c t i o n : i f n = 350 and m = 80 then t h e r e 

80 
can be up t o 10 extreme p o i n t s . 

Supposing i t were p o s s i b l e t o enumerate t h e s e , t h e 

w e i g h t c o n s t r a i n t s c o u l d be d e r i v e d from these: 

Let E , E , ... be t h e extreme p o i n t s o f t h e x-space. 
1 £t 

Then t h e a c t u a l s o l u t i o n , which c o n t a i n s more non-zero 

r e a l v a r i a b l e s ( i . e . n o f t h e s e ) than can be i n c l u d e d i n 

a b a s i s ( o f s i z e m), x can be expressed as a l i n e a r 

c o m b i n a t i o n o f some o f the extreme p o i n t s , i . e . 

some 
i 

So i f x and E„, E„ are known, can be found. 
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Since x, i s o p t i m a l , so a l s o are t h e extreme 

p o i n t s b e i n g combined, i . e . t h e r e are m u l t i p l e 

o p t i m a , and t h e o b j e c t i v e f u n c t i o n has t h e same 

o p t i m a l v a l u e a t these p o i n t s . 

i . e . f = /_ WJ X^ a t p o i n t E. ( x . , , x.„,..,x ) , . j i j i i l i 2 i n J 

f o r a l l i r e p r e s e n t i n g those extreme p o i n t s b e i n g 

combined. 

Hence T w x . = ^ " w x = T w x 
<~ J V j J 1 2 J j ^ V 

f o r a l l such i ( i . ^ , i 2 > i g , ...) 

These r e s u l t i n a s e t o f e q u a t i o n s which correspond t o 

t h e e q u a t i o n s f o r t h e w e i g h t s : 
T T - l 

W - W B A = 0 as d e r i v e d i n s e c t i o n 5.12.1. ~"*H —B H 

I n a d d i t i o n , any o f these extreme p o i n t s must be a 

maximum, so f ^ 0. 

At t h e extreme p o i n t f o r t h e b a s i s B, x = B 1 b 
T T - l and f = W x = W B b —B - —B — 

Now _b ̂ . 0 
T - 1 Hence W B ^ 0, b e i n g t h e s e t o f i n e q u a l i t i e s B 

f o r t h e w e i g h t s c o r r e s p o n d i n g t o those d e r i v e d i n 

s e c t i o n 5.12.1. 

Appendix 16 shows an example o f t h i s method a p p l i e d 

t o a s m a l l example h a v i n g 5 r e a l v a r i a b l e s and 2 

c o n s t r a i n t s . I n t h i s example t h e r e were ^C^ = 10 

p o s s i b l e extreme p o i n t s o f which o n l y 6 were f e a s i b l e . 

The known s o l u t i o n p o i n t ( i n 5 v a r i a b l e s ) c o u l d be 

expressed as a l i n e a r c o m b i n a t i o n o f t h e f e a s i b l e 

extreme p o i n t s and from these t h e weight c o n s t r a i n t s 

c o u l d be deduced. 
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5 .12.5 M u l t i p l e S o l u t i o n s 

I n t h e methods d e s c r i b e d i n t h e p r e c e d i n g s e c t i o n s 

t h e weight c o n s t r a i n t s have been d e r i v e d by choosing 

a b a s i s and d e v e l o p i n g the c o n s t r a i n t s from c o n s i d e r a t i o n 

o f t h a t b a s i s ( o r c o r r e s p o n d i n g extreme p o i n t ) . 

Since t h e a c t u a l s o l u t i o n p o i n t c o n t a i n s more r e a l 

v a r i a b l e s than are c o n t a i n e d i n a b a s i s , m u l t i p l e 

s o l u t i o n s e x i s t . The a c t u a l s o l u t i o n p o i n t can be 

expressed as a l i n e a r c o m b i n a t i o n o f extreme p o i n t s 

so some o f t h e bases l e a d t o o p t i m a l extreme p o i n t s . 

I n t h e examples g i v e n so f a r , a s i n g l e c h o i c e o f 

b a s i s has been made. I t remains t o show whether the 

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

f o r t h e w e i g h t s . 

Appendix 17 takes t h e same s m a l l example as used i n 

Appendices 15 and 16 and shows t h a t t h e ch o i c e o f 

b a s i s i s n o t s i g n i f i c a n t : t h a t whatever b a s i s i s 

chosen, i f n y m, the e v e n t u a l s e t o f w e i g h t c o n s t r a i n t s 

w i l l be t h e same. 
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5.12.6 "Shape" of the LP Problem; Degeneracy 

Sections 5.8 and 5.11 showed the d e r i v a t i o n of the 

weight-constraint models for C l i e n t Group 06 and 

for the C h e s t e r - l e - S t r e e t d i s t r i c t . There i s a 

s i g n i f i c a n t d i f f e r e n c e between these two models 

because of the "shape" of the c o n s t r a i n t matrix A 

i n the o r i g i n a l l i n e a r programming (LP) problem i n 

each case. The problem i s to Maximise X W. x. 
l l 

l 

subject to Ax = _b 

In the Group 06 model, the number of c o n s t r a i n t s , m, 

i s g r e a t e r than the number of r e a l v a r i a b l e s , n, 

whereas i n the C h e s t e r - l e - S t r e e t model n i s greater 

than m. 

Thi s a f f e c t s the simplex tableau as f o l l o w s . Using 

the notation of Sec t i o n 5.12.1, the f i n a l simplex 

tableau i s : 

G H J 0 * 
X 

S. h 1 1 * 
- f 

where K = 0, h = - B" 1 A r , J. = -WQ
T B" 1 I R , 

corresponding to an i n i t i a l tableau: 

B R 
T w„ -B -R 

For group 06, m > n so B always contains some columns 

of I as w e l l as a l l the columns of A. The s o l u t i o n must 

always include some s l a c k v a r i a b l e s i n the b a s i s and these 

must be zero at the a c t u a l s o l u t i o n point ( s i n c e A x = b) . 
3 

The simplex s o l u t i o n i s thus degenerate. Aucamp and 

Steinberg have shown that when degeneracy i s present 

i n an optimal b a s i c s o l u t i o n , the optimal values of the 
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dual v a r i a b l e s do not n e c e s s a r i l y correspond to 

shadow p r i c e s and that commercial LP packages, 

such as IBM's MPSX, may provide misleading information 

about the shadow p r i c e s . 

In the c o n s t r u c t i o n of the weight c o n s t a i n t s , the 

shadow p r i c e s are not used e x p l i c i t l y , the r e l a t i o n s h i p s 

being derived from the b a s i s matrix and i t s i n v e r s e . 

Appendix 18 shows the c o n s t r u c t i o n of weight c o n s t r a i n t s 

for another small problem, i n t h i s case with m > n. 

In such a problem, where Ax = b and m > n, there can 

be a s o l u t i o n to a l l the equations only i f some equations 

are dependent on others and the equations are c o n s i s t e n t . 

A unique s o l u t i o n e x i s t s i f m = n or i f there are 

(m - n) equations l i n e a r l y dependent on the other n 

independent and c o n s i s t e n t equations. M u l t i p l e s o l u t i o n s 

e x i s t i f n < D or i f more than (m - n) equations are 

l i n e a r l y dependent on the other independent and 

c o n s i s t e n t equations. 

To i l l u s t r a t e the choice of b a s i s and c o n s t r u c t i o n of 

weight c o n s t r a i n t s the small problem has been chosen 

with m = 4, n = 3 and two equations l i n e a r l y dependent 

on the other two. A s o l u t i o n e x i s t s at two extreme 

points and at points which are l i n e a r combinations of 

these two. 

The example shows that the c o n s t r u c t i o n of the weight 

c o n s t r a i n t s i s the same whichever optimal b a s i s i s 

chosen and despite the presence of degeneracy. 
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5.12.7 " E f f i c i e n t " S olutions to Multiple Objective L i n e a r 

Programming (MOLP) 

Kornbluth i n " D u a l ity, i n d i f f e r e n c e and s e n s i t i v i t y 

a n a l y s i s i n m u l t i p l e o b j e c t i v e l i n e a r programming" 

(1974) suggests that the c o n s t r u c t i o n of a u t i l i t y 

function by a d e c i s i o n maker may be an u n r e a l i s t i c 

expectation and that i t may be more appropriate to 

consider each performance measure s e p a r a t e l y r a t h e r 

than combining these to form a composite u t i l i t y 

f u n ction. There i s then no s i n g l e optimal s o l u t i o n 

to the problem s i n c e i t i s u n l i k e l y that a l l performance 

functions w i l l be optimised simultaneously. 

" E f f i c i e n t " s o l u t i o n s can be defined which are as good 

as other s o l u t i o n s , i n respect of some performance 

measures, and b e t t e r than the other s o l u t i o n s f o r at 

l e a s t one performance measure. Algorithms e x i s t to f i n d 

e f f i c i e n t s o l u t i o n s and the problem can be solved by 

allowing the d e c i s i o n maker to choose between these on 

a s u b j e c t i v e b a s i s . 

Kornbluth goes on to show that each e f f i c i e n t s o l u t i o n 

to a MOLP problem i s a s s o c i a t e d with a whole se t of 

p o s s i b l e weights and that these s e t s are bounded by 

l i n e a r c o n s t r a i n t s , s i m i l a r to the weight c o n s t r a i n t s 

d i s c u s s e d p r e v i o u s l y . 

T h i s method may o f f e r an a l t e r n a t i v e approach to the 

c o n s t r u c t i o n of an o b j e c t i v e function and computation 

of weight space. 
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5.13 Conclusions 

T h i s chapter has demonstrated the development of a 

new resource planning model (LPAM), which has a 

l i n e a r o b j e c t i v e function, s i m i l a r to the l i n e a r 

equivalent of the D.U.B.3. goal programming model, 

and which can choose a l l o c a t i o n s of c l i e n t s to 

a l t e r n a t i v e modes of c a r e . Unlike the modes of care 

used i n Macdonald's Balance of Care model, these modes 

were not chosen by a p r o f e s s i o n a l group. Instead an 

a n a l y s i s of the Census data was performed using the 

C l u s t e r A n a l y s i s software package (see Section 6.4). 

The modes of care constructed were thus derived from 

the e x i s t i n g patterns of care at the time of the Census. 

I n t h i s model too, weighting f a c t o r s were used i n the 

o b j e c t i v e f u n c t i o n . These weightings could be obtained 

from the f i e l d workers by d i r e c t questioning, i n order 

to r e f l e c t the r e l a t i v e preferences of c a r i n g for c l i e n t s 

i n a p a r t i c u l a r group by a l l o c a t i n g a p a r t i c u l a r mode of 

c a r e . In p r a c t i c e the weightings were c a l c u l a t e d from the 

Census data, as described i n S e c t i o n 5.10, and thus the 

preferences were i n f e r r e d from the resource a l l o c a t i o n s 

made by the s o c i a l workers at the time of the Census. 

An a l t e r n a t i v e approach which could be used to s e t the 

values of the weightings would be to b u i l d upon the 

recent work of Durham County Council i n t h e i r Caseload 

Management System ( b r i e f l y described i n Section 4.6) 

which has i d e n t i f i e d p r i o r i t i e s i n respect of groups 

of c l i e n t s and a " p o i n t s " system which i d e n t i f i e s 

p r i o r i t i e s of c a t e g o r i e s w i t h i n groups. This p o s s i b i l i t y 

i s considered f u r t h e r i n Chapter 9. 
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Thus the modes of care and the weightings i n the 

o b j e c t i v e function are i n f e r r e d from the census 

data, as indeed are the t o t a l s of s e r v i c e a v a i l a b i l i t i e s . 

Furthermore, the s e r v i c e s a l l o c a t e d to each mode of 

care are maintained unchanged i n the model, although 

the number of c l i e n t s assigned to each mode may vary. 

A w e i g h t - c o n s t r a i n t s model has a l s o been developed 

which uses the known resource usage and resource 

a v a i l a b i l i t y at the time of the census to derive a 

se t of c o n s t r a i n t s for the weighting values used i n 

the o b j e c t i v e function of the LPAM model. Th i s shows 

the range of p o s s i b l e weights which would produce the 

same resource a l l o c a t i o n to c l i e n t s . The weight-

c o n s t r a i n t s model can be used to t e s t the f e a s i b i l i t y 

of a s e t of weighting values postulated by the planners. 

Following t h i s Chapter, Chapter 6 d e t a i l s the analyses 

of the census data i n c l u d i n g the c l u s t e r a n a l y s i s to 

deriv e a l t e r n a t i v e modes of care; Chapter 7 makes some 

comparisons of the Durham survey with other r e g i o n a l 

models; Chapter 8 shows how the LPAM model can be used 

to plan f o r demographic and/or resource changes and makes 

comparisons with the DHSS SPRAM model; and Chapter 9 

d i s c u s s e s l i m i t a t i o n s , a p p l i c a t i o n s and extensions of 

the LPAM model, with a view to i t s future usage i n the 

context of County Durham. 
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CHAPTER 6 

ANALYSIS OF THE CENSUS DATA 

- 173 -



A n a l y s i s of the census data 

6.1 The census data and i n t e r n a l i n c o n s i s t e n c i e s 

As mentioned i n s e c t i o n 3.2, the Cendat data contained 

8216 c l i e n t records, f o r each of which was recorded 

a c l i e n t number 

a code for age group 

a code for sex 

a c l i e n t group number 

a l i s t of up to ten codes for the a c t u a l 
s e r v i c e s r e c e i v e d at that time. 

- a l i s t of up to s i x codes for the a d d i t i o n a l 
s e r v i c e s d e s i r e d by the s o c i a l worker for 
the c l i e n t . 

a l i s t of up to eight codes f o r the a l t e r n a t i v e 
s e r v i c e s which could be supplied, i f the a c t u a l 
s e r v i c e s were no longer a v a i l a b l e . 

- f u r t h e r comments. 

Appendix 1 contains a l i s t of the c l i e n t groups and 

corresponding group numbers. 

Appendix 2 contains a l i s t of the s e r v i c e s a v a i l a b l e 

and corresponding s e r v i c e code numbers. 

The f i r s t requirement was to vet the data fo r i n t e r n a l 

c o n s i s t e n c y : a computer program was w r i t t e n to do 

t h i s and at the same time to summarise the requirements 

of a l l the c l i e n t s i n the census i n terms of a c t u a l 

s e r v i c e s supplied, those s e r v i c e s a d d i t i o n a l l y d e s i r e d 

and a l t e r n a t i v e s e r v i c e s which could be supplied. 

105 " e r r o r s " were detected i n the 8216 c l i e n t records, 

c o n s i s t i n g of 

records with no s e r v i c e s recorded 

records with group numbers outside the v a l i d range 
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records with apparent i n c o n s i s t e n c i e s i n 
the s e r v i c e s l i s t e d . 

5 records were found to have two e r r o r s i n each, 

so the number of records i i i e r r o r wa3 100. 

Of these, 36 records, having group numbers outside 

the v a l i d range, could not be c o r r e c t e d and were 

excluded from f u r t h e r c o n s i d e r a t i o n . 

S i m i l a r l y , 55 records, having no a c t u a l s e r v i c e s 

supplied, could not be c o r r e c t e d and were excluded 

from f u r t h e r c o n s i d e r a t i o n of " c u r r e n t " s e r v i c e s . 

The remaining 9 e r r o r s were spacing e r r o r s and 

these were e a s i l y c o r r e c t e d , thus l e a v i n g 8125 

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

I t was subsequently found that many of these records 

contained d u p l i c a t i o n s i n the s e r v i c e s l i s t e d , but 

these d u p l i c a t i o n s were eliminated when the c l i e n t 

groups were merged. 
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6.. 2 Group and s e r v i c e summaries 

An a n a l y s i s was produced, from the v a l i d a t e d c l i e n t records, 

of the usage of s e r v i c e s by c l i e n t s the a n a l y s i s 

showed, for each c l i e n t group, the number of c l i e n t s 

i n the group and, f o r each s e r v i c e , the number of c l i e n t s 

i n each group r e c e i v i n g that s e r v i c e c u r r e n t l y , the 

number of c l i e n t s i n each group f o r whom the s e r v i c e 

was a d d i t i o n a l l y d e s i r e d by the s o c i a l worker and the 

number of c l i e n t s i n each group for whom the s e r v i c e 

could be regarded, by the s o c i a l worker, as an 

a l t e r n a t i v e acceptable s e r v i c e . 

T h i s f i r s t a n a l y s i s was based on the 45 c l i e n t groups 

and 99 s e r v i c e s chosen by the DUBS team f o r use i n 

c o l l e c t i n g the census data. However, 45 groups and 

99 s e r v i c e s were considered to be too many for the 

author's r e s e a r c h , so an examination of the a n a l y s i s 

c l i e n t groups and s e r v i c e s was undertaken i n the hope of 

reducing the number of c l i e n t groups and s e r v i c e codes. 

(1) C l i e n t Groups 

The number of c l i e n t s i n each of the 45 groups 

(i.e. group s i z e ) was considered. See F i g u r e 

6.2.1 

There were 8125 c l i e n t s i n t o t a l , so group 

s i z e s were then c l a s s i f i e d as fo l l o w s : 

A : S i z e ^ 80 c l i e n t s : 31 groups 

B : 40 < t s i z e <.80 c l i e n t s : 6 groups 

C : S i z e 40 c l i e n t s : 8 groups 

Subsequent examination of s e r v i c e requirements 

f o r the 14 groups c l a s s i f i e d as B or C showed 
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that for any i n d i v i d u a l c l i e n t group the 

highest percentage of any s e r v i c e used was of 

n e g l i g i b l e s i z e , except for groups 5, 12 and 21. 

T h i s suggested that the other 11 groups of 

small s i z e might be merged with other groups 

of greater s i z e . 

The d e s c r i p t i o n and s e r v i c e requirements of 

each of the 11 groups were inspected i n order 

to decide which remaining groups could 

reasonably i n c l u d e the c l i e n t s from the groups 

to be discarded. F i g u r e 6.2.2 gives a l i s t of 

these eleven groups, t h e i r d e s c r i p t i o n s and 

which groups they were merged with. 

Group 35 with 52 c l i e n t s was considered to 

be so u n l i k e any other group that i t was 

decided to r e t a i n group 35 as a separate c l i e n t 

group. 

Thus the 45 c l i e n t groups were reduced to 35, 

F i g u r e 6.2.3 gi v e s a l i s t of the s i z e s of 

the merged groups. 

Appendix 3 contains a complete l i s t of the 35 

c l i e n t groups and t h e i r r e v i s e d d e s c r i p t i o n s . 

t i l ) S e r v i c e codes 

The number of c l i e n t s a c t u a l l y r e c e i v i n g each 

s e r v i c e was considered. See F i g . .6.2.4. 

There were 8125 c l i e n t s but each c l i e n t r e c e i v e s 
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s e v e r a l s e r v i c e s so the t o t a l number of 

19,448' " S e r v i c e R e c e i p t s " includes the same 

c l i e n t s s e v e r a l times. However, for each 

i n d i v i d u a l s e r v i c e , a c l i e n t i s counted only 

once. Thus i t was p o s s i b l e to c l a s s i f y the 

99 s e r v i c e codes as f o l l o w s : 

A : S e r v i c e r e c e i v e d by 80 or more c l i e n t s : 
38 s e r v i c e codes. 

B : S e r v i c e r e c e i v e d by between 40 and 79 c l i e n t s 
6 s e r v i c e codes 

C : S e r v i c e r e c e i v e d by l e s s than 40 c l i e n t s : 
55 s e r v i c e codes 

Hence each one of 55 s e r v i c e s was supplied to 

l e s s than h a l f a percent (£%) of a l l c l i e n t s . 

T h i s suggested that these s e r v i c e codes should 

be merged with other s e r v i c e codes. 

The description of each of the 55 s e r v i c e s was 

inspected i n order to decide which remaining 

s e r v i c e codes could reasonably i n c l u d e the 

s e r v i c e s to be discarded. F i g u r e 6 .2.5 

gives a l i s t of these 55 s e r v i c e s codes, b r i e f 

d e s c r i p t i o n s and which s e r v i c e codes they 

were merged with. I n e f f e c t , some s e r v i c e 

codes would then represent a resource of 

more than one s e r v i c e , but for planning 

purposes t h i s would be acceptable. 

I n s p e c t i o n of the s e r v i c e d e s c r i p t i o n s showed 

that i t would not be appropriate to exclude 

a l l 55 s e r v i c e codes because the remaining 

44 s e r v i c e codes could not reasonably include 

a l l 55 s e r v i c e s . I t was t h e r e f o r e decided 
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that one of the 55 s e r v i c e codes would be 

re-designated, so as to include some of the 

excluded s e r v i c e codes. Code 49 was t h e r e f o r e 

renamed as " a d d i t i o n a l s e r v i c e s f o r mentally 

handicapped and/or mentally i l l c l i e n t s " . 

Some of the 44 s e r v i c e codes r e t a i n e d were, 

i n e f f e c t , renamed; for example code 28 

was o r i g i n a l l y d e s cribed as "group l i v i n g 

schemes f o r the e l d e r l y " and now includes 

" a d d i t i o n a l s e r v i c e s for the e l d e r l y / p h y s i c a l l y 

handicapped". 

Thus the 99 s e r v i c e codes were reduced to 

45. Appendix 4 contains a l i s t of the 

45 s e r v i c e codes and t h e i r r e v i s e d d e s c r i p t i o n s , 

w h i l s t f i g u r e 6.2.6 shows the number of c l i e n t s 

r e c e i v i n g each of the 45 r e v i s e d s e r v i c e s . 

Appendix 5 contains the complete a n a l y s i s of 

numbers of c l i e n t s i n each of 35 groups 

r e c e i v i n g each of 45 s e r v i c e s . 

- 179 -



F i g u r e 6.2.1 Numbers of c l i e n t s i n each of 45 groups 

GROUP SIZE GROUP SIZE 

1 83 24 33 

2 169 25 86 

3 291 26 69 

4 101 27 14 

5 39 28 157 

6 97 29 241 

7 14 30 280 

8 216 31 300 

9 226 32 37 

10 190 33 41 

11 301 34 276 

12 64 35 52 

13 39 36 150 

14 125 37 86 

15 20 38 92 

16 365 39 169 

17 250 40 139 

18 550 41 282 

19 22 42 320 

20 360 43 645 

21 49 44 536 

22 39 45 247 

23 263 TOTAL 8125* 
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Figure 6.2.2 C l i e n t groups of s i z e l e s s than 80 c l i e n t s and 
having very small amounts: of s e r v i c e requirements 

"MERGE WITH 
3R0UP NUMBER DESCRIPTION GROUP DESCRIPTION 

OF 
CLIENTS 

7 14 Adult c l i e n t s unable 
to cook adequately 
unaided. 

6 Adult c l i e n t s unable 
to c l e a n house and/or 
go out unaided. 

13 39 E l d e r l y c l i e n t s unable 
to bathe and/or use 
t o i l e t unaided. 

16 F r a i l e l d e r l y c l i e n t s . 

15 20 E l d e r l y c l i e n t s unable 
to cook adequately 
unaided. 

16 F r a i l e l d e r l y c l i e n t s . 

19 22 Severely mentally i l l 
adult c l i e n t s . 

18 Mentally i l l adult 
c l i e n t s . 

22 39 Adult c l i e n t s v i o l e n t 
w i t h i n r e l a t i o n s h i p s 
with other a d u l t ( s ) 

23 Adult c l i e n t s with 
non-violent but 
inadequate r e l a t i o n s h i p 
with partner, other 
a d u l t s or c h i l d r e n . 

24 33 Adult v i c t i m s of 
v i o l e n c e w i t h i n 
r e l a t i o n s h i p s with 
other adultCs) 

29 Adult c l i e n t s with 
m u l t i p l e r e l a t i o n s h i p , 
environmental and 
f i n a n c i a l problems. 

26 69 Adult persons non-
a c c i d e n t a l l y i n j u r i n g 
or otherwise abusing 
c h i l d r e n . 

30 Other adult c l i e n t s with 
r e l a t i o n s h i p , environ­
mental and f i n a n c i a l 
problems. 

27 14 Homeless ad u l t s 30 

32 37 P r o s p e c t i v e playgroup 
l e a d e r s and c h i l d -
minders . 

34 Other adult c l i e n t s . 

33 41 Ante- and p o s t - n a t a l 
unmarried mothers and 
women requ e s t i n g 
abortions. 

34 Other adult c l i e n t s . 

38 53 P h y s i c a l l y handicapped 
c h i l d r e n and young 
persons. 

Cnot merged) 
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F i g u r e 6 . 2 . 3 Numbers of c l i e n t s i n each of 4 5 groups a f t e r 
merging 10 of the o r i g i n a l groups with the other 3 5 

3R0UF SIZE GROUP SIZE 

1 83 24 0 

2 169 25 86 

3 291 26 0 

4 101 27 0 

5 39 28 157 

6 111 29 274 

7 0 30 363 

8 216 31 300 

9 226 32 0 

10 190 33 0 

11 301 34 354 

12 64 35 52 

13 0 36 150 

14 125 37 86 

15 0 38 92 

16 424 39 169 

17 250 40 139 

18 572 41 282 

19 0 42 320 

20 360 43 645 

21 49 44 536 

22 0 45 247 

23 302 TOTAL 8125 
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Number of c l i e n t s r e c e i v i n g each s e r v i c e Figure 6.2.4 

S e r v i c e No. of 
Code C l i e n t s 

1 887 
2 339 
3 341 
4 2749 

5 1403 
6 2562 
7 55 
8 119 
9 6 

10 3 
11 80 
12 79 
13 9 
14 261 
15 216 
16 48 
17 907 
18 453 
19 355 
20 944 
21 127 
22 99 
23 606 
24 255 
25 198 

S e r v i c e No. of 
Code C l i e n t s 

26 481 
27 162 
28 819 
29 14 
30 3 
31 0 
32 0 
33 0 
34 1 
35 0 
36 0 
37 23 
38 107 
39 26 
40 16 
41 20 
42 216 
43 215 
44 295 
45 30 
46 17 
47 1 
48 1 
49 0 
50 2 

S e r v i c e No. of 
Code C l i e n t s 

51 4 
52 1 
53 4 
54 3 
55 0 
56 0 
57 8 
58 16 
59 51 
60 4 
61 7 
62 339 
63 4 
64 15 
65 4 
66 0 
67 16 
68 1 
69 8 
70 568 
71 194 
72 560 
73 637 
74 46 
75 175 

S e r v i c e No. of 
Code C l i e n t s 

76 94 
77 9 
78 3 
79 85 
80 25 
81 10 
82 0 
83 303 
84 300 
85 12 
86 3 
87 4 
88 76 
89 23 
90 118 
91 164 
92 1 
93 0 
94 0 
95 0 
96 1 
97 2 
98 0 
99 0 

T o t a l 
" S e r v i c e r e c e i p t s " 19,448 
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F i g u r e 6.2.5 S e r v i c e s such that each i s supplied to l e s s than 
k.% of a l l c l i e n t s 

Code 

09 

10 

13 

29 

30 

31 

32 

33 

34 

35 

36 

37 

39 

40 

• 41 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

„ . . . . No, of Merged with 
B r i e f d e s c r i p t i o n — 

c C l i e n t s Code 

H a i r d r e s s i n g 6 16 

Laundry 3 16 

Homes f o r p h y s i c a l l y handicapped 9 11 

Mobile day care for e l d e r l y 14 28 

Night s i t t i n g 3 28 

Homes for p s y c h o g e r i a t r i c s 0 28 

Assessment c e n t r e s f o r e l d e r l y 0 28 

Support groups f o r r e l a t i v e s 0 28 

F o s t e r i n g of e l d e r l y 1 28 

Weekday r e s i d e n t i a l care 0 28 

Para-medic halfway care 0 28 

Homes f o r M.H. ad u l t s 23 11 

Group l i v i n g : M.H. 26 11 

Group l i v i n g : M . I l l 16 12 

Adult t r a i n i n g c e n t r e s 20 49 

H o s p i t a l based s o c i a l work 30 27 

Homes f o r M . I l l 17 12 

S p e c i a l care : M.H. 1 49 

S p e c i a l c a r e : M.I11 1 49 

Day Centres : M.H. 0 49 

Day Centres- : M.I11 2 49 

Occup. th . i n homes f o r M.H. 4 49 

Support groups, M.H. r e l a t i v e s 1 49 

Pre-school groups : M.H. 4 49 

Holiday playschemes : M.H. 3 49 

Short-term f o s t e r i n g : M.H. 0 49 

Convalescent home 0 56 
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F i g u r e 6.2.5 S e r v i c e s such that each i s supplied to l e s s than 
\% of a l l c l i e n t s (Continued) 

S e r v i c e „ . . . . , . No.of 
— — B r i e f d e s c r i p t i o n „ — — 

Code C l i e n t s 

57 Family t r a i n i n g u n i t 8 

58 Family advice centre 16 

59 Family s e r v i c e u n i t 51* 

60 H o s p i t a l based s o c i a l work 4 

61 Preventive, supportive s e r v i c e s 7 

63 Hostel f o r battered wives 4 

64 Mother and baby home 15 

65 A l c o h o l i c treatment 4 

66 Abortion c o u n s e l l i n g 0 

67 Home helps: family t r a i n i n g 16 

68 Support groups : s i n g l e parents 1 

. 69 Sta t u t o r y c a r e : ch & yp 8 

77 R e s i d e n t i a l nursery 9 

78 Day nursery 3 

80 Childminders 25 

81 S a l a r i e d childmindlng 10 

82 School based s o c i a l work 0 

85 P r o f e s s i o n a l f o s t e r parents 12 

86 Intermed. trtmt, r e s i d e n t i a l 3 

87 rntermed. trtmt, other 4 

89 C h i l d guidance 23 

92 Tntermed. treatment centre 1 

93 Domic, oos. and a s s e s s . 0 

94 F l a t s f o r adolescents 0 

95 C h i l d r e n l e a v i n g care 0 

96 Short term r e s i d . I.T. 1 

Merged with 
Code 

56 

56 

56 

56 

56 

62 

62 

62 

62 

62 

62 

71 

79 

79 

79 

79 

27 

83 

73 

73 

73 

73 

73 

73 

73 

73 
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F i g u r e 6.2.5 S e r v i c e s such that, each l a supplied to l e s s than 

S e r v i c e 
Code 

\% of a l l c l i e n t s (Continued) 

B r i e f d e s c r i p t i o n . No.of Merged with 
C l i e n t s Code 

97 Resid. trtmt : d i s t . adol. 2 73 

98 P e r i p a t e t i c houseparents 0 73 

99 Mobile day nursery 0 73 

•Although s e r v i c e 59 has 51 c l i e n t s , i t was decided to group a l l 
s e r v i c e codes 56 to 61 together as code 56. 
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F i g u r e 6.2.6 Number of c l i e n t s r e c e i v i n g each of 45 r e v i s e d s e r v i c e s 

S e r v i c e 
Code 

1 

2 

3 

4 

5 

6 

7 

S 

11 

12 

14 

15 

16 

17 

18 

13 

20 

21 

22 

23 

24 

25 

26 

No. of 
C l i e n t s 

887 

339 

341 

2749 

1403 

2562 

55 

119 

133 

112 

261 

216 

55 

907 

453 

355 

944 

127 

99 

606 

255 

193 

481 

S e r v i c e 
Code 

27 

28 

38 

42 

43 

44 

49 

56 

62 

70 

71 

72 

73 

74 

75 

76 

79 

83 

84 

88 

90 

91 

No. of 
C l i e n t s 

192 

835 

107 

216 

215 

295 

35 

85 

375 

568 

202 

560 

670 

46 

175 

94 

130 

315 

300 

76 

118 

164 

T o t a l 
" S e r v i c e receipts"19.430 
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6.3 A l t e r n a t i v e modes of care : p r e l i m i n a r y analyses 

The o r i g i n a l Cendat data contained, as v/ell as the l i s t 

of a c t u a l s e r v i c e s r e c e i v e d by each c l i e n t , a l i s t of 

up to eight codes for a l t e r n a t i v e s e r v i c e s which 

could be supplied i f the a c t u a l s e r v i c e s were no 

longer a v a i l a b l e . 

The data thus o f f e r e d two means of analys i n g a l t e r n a t i v e 

modes of care as s p e c i f i e d by the s o c i a l workers who 

completed the census. The f i r s t was to analyse the 

a c t u a l s e r v i c e s r e c e i v e d and to count the number of 

d i s t i n c t "packages of car e " a c t u a l l y being supplied 

to each c l i e n t group. A "package of c a r e " i n t h i s 

context meant a s e t of s e r v i c e s supplied to a c l i e n t . 

The q uantity of each s e r v i c e supplied was not 

considered. For example, a c l i e n t might r e c e i v e a 

package which included day care, meals on wheels 

and t e c h n i c a l o f f i c e r s e r v i c e s f o r the b l i n d . 

The second means a v a i l a b l e d i r e c t l y from the data 

was to analyse the a l t e r n a t i v e s e r v i c e p r o v i s i o n 

s e l e c t e d by the s o c i a l worker. Again the number 

of d i s t i n c t , a l t e r n a t i v e "packages of c a r e " was 

counted f o r each, c l i e n t group. 

R e s u l t s of these a n a l y s e s follow: 

Ci) A n a l y s i s of a c t u a l s e r v i c e p r o v i s i o n 

Computer programs and s o r t r o u t i n e s were 

w r i t t e n : 

Ca) to s o r t the a c t u a l s e r v i c e s i n t o 

numerical sequence w i t h i n each record 

of the census data, 
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(b) to s o r t the records in t o c l i e n t groups, 

and to recognise and count the number of 

c l i e n t s i n each c l i e n t group who were 

a c t u a l l y r e c e i v i n g the same package of 

care. 

F i g u r e 6.3.1 shows the c l i e n t , groups, the number 

of c l i e n t s i n each group and the number of 

packages a c t u a l l y r e c e i v e d by each group. The 

number of packages ranged from 6, supplied to 

group 32 with 37 c l i e n t s , to 184, supplied to 

group 16 with 378 c l i e n t s . Altogether there 

were 3206 d i f f e r e n t packages of care a c t u a l l y 

being supplied to 8125 c l i e n t s . (The t a b l e 

shows a t o t a l of 8180 c l i e n t s but only 8125 

c l i e n t s were a c t u a l l y r e c e i v i n g s e r v i c e s ) . 

C l e a r l y there were too many packages f o r 

planning purposes. 

C i i ) A n a l y s i s of a l t e r n a t i v e s e r v i c e p r o v i s i o n 

A n a l y s i s of the a l t e r n a t i v e s e r v i c e p r o v i s i o n 

as s p e c i f i e d by the s o c i a l workers was c a r r i e d 

out f o r the 35 merged c l i e n t groups, subsequent 

to the merging of groups described i n s e c t i o n 6.2. 

A l t e r n a t i v e packages had been s p e c i f i e d f o r 1135 

c l i e n t s . Computer programs and s o r t r o u t i n e s 

were again w r i t t e n : 

(.a) to e x t r a c t the r e l e v a n t records from the 

census data, 
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Cb) to s o r t the a l t e r n a t i v e s e r v i c e s i n t o 

numerical sequence w i t h i n each record, 

(c) to recognise and count the number of 

c l i e n t s i n each c l i e n t group who were 

p o t e n t i a l c l i e n t s for each a l t e r n a t i v e 

s e r v i c e package, 

and Cd) to recognise those a l t e r n a t i v e packages 

which were i d e n t i c a l to packages 

a c t u a l l y supplied to a c l i e n t group. 

F i g u r e 6.3.1 shows the number of a l t e r n a t i v e 

s e r v i c e packages s p e c i f i e d f o r each c l i e n t 

group by the s o c i a l workers, alongside the 

numbers of a c t u a l s e r v i c e packages. Also shown 

i s the number of a l t e r n a t i v e packages i n each 

c l i e n t group which are i d e n t i c a l to packages 

of a c t u a l s e r v i c e s supplied. The " t o t a l " 

column shows the t o t a l number of a l t e r n a t i v e 

modes of care f o r each c l i e n t group, however 

s p e c i f i e d . 

The number of a l t e r n a t i v e packages s p e c i f i e d 

by the s o c i a l workers ranged from none at 

a l l f o r some c l i e n t groups to 35 f o r group 44, 

which has 536 c l i e n t s . I n addi t i o n , only 

three of these 35 a l t e r n a t i v e s f o r group 

44 were the same as any of the 138 packages 

a c t u a l l y i n use f o r these c l i e n t s . Altogether 

there were 257 d i f f e r e n t packages of care 

s p e c i f i e d as p o s s i b l e a l t e r n a t i v e s to the 

a c t u a l s e r v i c e s supplied. Of these, only 29 

were i d e n t i c a l to the a c t u a l packages supplied. 
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Since the a l t e r n a t i v e packages s p e c i f i e d by 

the s o c i a l workers had to be considered i n 

conjunction with the a c t u a l packages 

supplied, g i v i n g a t o t a l of 3434 a l t e r n a t i v e 

modes of care f o r 8180 c l i e n t s , i t was 

decided that another means of choosing modes 

of care must be sought. 

- 191 -



Figure 6.3.1 A n a l y s i s of a c t u a l and a l t e r n a t i v e s e r v i c e p r o v i s i o n 

C l i e n t No. of No. of packages No. of 
Group C l i e n t s a c t u a l l y A l t e r n a t i v e I n c . * T o t a l 

r e c e i v e d Packages 

1 83 70 0 70 
2 171 116 2 118 
3 291 140 1 141 
4 102 27 2 29 
5 40 22 0 22 
6 97 72 4 76 
7 14 11 N/A 11 
8 219 120 2 122 
9 229 110 5 1 114 

10 190 119 3 122 
11 302 132 5 1 136 
12 64 46 3 49 
13 39 25 N/A 25 
14 126 88 5 93 
15 20 14 N/A 14 
16 378 184 11 1 194 
17 267 110 5 115 
18 551 166 16 4 178 
19 22 18 N/A 18 
20 361 99 15 2 112 
21 50 31 3 1 33 
22 39 19 N/A 19 
23 264 54 10 64 
24 33 23 N/A 23 
25 86 30 5 1 34 
26 69 31 N/A 31 
27 14 9 N/A 9 
28 157 51 4 1 54 
29 242 71 10 81 
30 280 63 8 1 70 
31 300 37 5 1 41 
32 37 6 N/A 6 
33 41 23 N/A 23 
34 280 54 7 61 
35 53 45 N/A 45 
36 150 41 2 43 
37 87 60 2 62 
38 92 40 5 45 
39. 169 82 12 94 
40 139 80 7 87 
41 282 116 15 2 129 
42 320 157 8 2 163 
43 646 184 28 6 206 
44 536 138 35 3 170 
45 248 72 12 2 82 

T o t a l s 8180 3206 257 29 3434 

N/A i n d i c a t e s that a group had been merged with another and separate 
f i g u r e s are not a v a i l a b l e . 

• I n c . i n d i c a t e s the number of a l t e r n a t i v e s e r v i c e packages,, s p e c i f ied by 
the s o c i a l workers, which are the same as packages of a c t u a l 
s e r v i c e s supplied, f o r each c l i e n t group. 
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6.4 A l t e r n a t i v e modes of care : c l u s t e r a n a l y s i s 

6.4.1 C l u s t e r a n a l y s i s and packages of care 

Another way of choosing modes of c a r e was to use 

the technique of c l u s t e r a n a l y s i s to analyse the 

s e r v i c e p r o v i s i o n for each c l i e n t group. C l u s t e r 

a n a l y s i s i s a method used i n c l a s s i f i c a t i o n 

problems. I t s o b j e c t i v e i s to s o r t a sample 

of cases under c o n s i d e r a t i o n into groups such that 

the degree of a s s o c i a t i o n i s high between members 

of the same group and low between members of d i f f e r e n t 

groups. " i t can be used to r e v e a l a s s o c i a t i o n s and 

s t r u c t u r e i n data which though not p r e v i o u s l y conceived, 
i t v 

are n e v e r t h e l e s s s e n s i b l e and u s e f u l when found .(Wishart ) 

With reference to the problem of choosing fewer modes 

or packages of care f o r each c l i e n t group than are 

c u r r e n t l y provided by the s o c i a l workers, c l u s t e r 

a n a l y s i s can be used to group together current 

packages which c a l l f o r s i m i l a r s e r v i c e p r o v i s i o n . 

For planning purposes t h i s reduction i n the number 

of d i f f e r e n t packages of care makes p o s s i b l e e a s i e r 

r e c o g n i t i o n of a l t e r n a t i v e means of s e r v i c e p r o v i s i o n , 

w h i l s t at the same time providing a way of c o l l a t i n g 

a l l the s e r v i c e requirements across a l l packages of 

care supplied to a l l c l i e n t s . The r e s u l t of c l u s t e r 

a n a l y s i s i s a "chosen s e t " of packages of care for 

each c l i e n t group. Each package chosen contains a 

number of d i f f e r e n t resources and a measure of the 

proportion of each resource supplied per c l i e n t . 
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For example, consider four 

s e r v i c e s as f o l l o w s : 

C l i e n t A r e c e i v e s s e r v i c e s 

C l i e n t B r e c e i v e s s e r v i c e s 

C l i e n t C r e c e i v e s s e r v i c e s 

C l i e n t D r e c e i v e s s e r v i c e s 

Each c l i e n t i s r e c e i v i n g a 

The r e s u l t of a c l u s t e r ana 

only one package of care to 

could be a package which co 

c l i e n t s c u r r e n t l y r e c e i v i n g 

15 , 16 

15,17,20 

15,16,17 

15,17 

d i f f e r e n t "package of c a r e " 

l y s i s designed to form 

serve a l l these c l i e n t s 

n t a i n s : 

1 u n i t of s e r v i c e 15, 

0.5 u n i t s of s e r v i c e 16, 

0.75 u n i t s of s e r v i c e 17, and 

0.25 u n i t s of s e r v i c e 20. 

Thus t h i s package could be supplied to each of the 

four c l i e n t s A,B,C and D and the t o t a l requirement 

for s e r v i c e s 15,16,17 and 20 would be e x a c t l y as 

before. For the purposes of long-range planning, 

such a package i s equivalent to the o r i g i n a l 

four packages as supplied to c l i e n t s A,B,C and D. 

Furthermore, the new package has a degree of i n ­

b u i l t f l e x i b i l i t y because the a l l o c a t i o n of s e r v i c e s 

by the s o c i a l workers can be based on the proportions 

of u n i t s of s e r v i c e for each c l i e n t as s p e c i f i e d , or 

can be spread across the c l i e n t group to provide 

d i f f e r e n t s e r v i c e s i n appropriate q u a n t i t i e s to each 

c l i e n t . The l a t t e r would be more p r a c t i c a l for day-

to-day p r o v i s i o n but the former can be regarded as 

equivalent for long-term planning purposes. 
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6.4.2 The a p p p l i c a t i o n of c l u s t e r a n a l y s i s 

The computer package CLUSTAN was used to apply c l u s t e r 

a n a l y s i s to the problem of choosing fewer modes of 

care for each c l i e n t group than are c u r r e n t l y provided 

by the s o c i a l workers. 

I n i t i a l l y an i n v e s t i g a t i o n was made of the r e s u l t s of 

each of four c l u s t e r i n g methods, v i z . Ward's h i e r a r c h i c a l 

method, the r e l o c a t i o n method using a random s t a r t , the 

r e l o c a t i o n method using Ward's c l a s s i f i c a t i o n , and 

the density method. Appendix 6 gives a b r i e f d e s c r i p t i o n 

of each of these methods. 

The d e n s i t y method was r e j e c t e d because of the d i f f i c u l t y 

of p r i n t i n g r e s u l t s i n the requ i r e d form and because of 

the massive volume of unnecessary printout which could 

not be suppressed. 

Ward's method and the two r e l o c a t i o n methods were compared 

the r e s u l t s were s i m i l a r but Ward's method appeared to 

group modes i n t o c l u s t e r s more n e a r l y i n the way that 

a manual, q u a l i t a t i v e assessment would do. Ward's 

h i e r a r c h i c a l method was therefore chosen f o r f u r t h e r 

use. 

An example showing the manual a p p l i c a t i o n of Ward's 

method i s shown i n Appendix 7. 

Ward's method being decided upon, i t was then necessary 

to construct a computer f i l e of the c l i e n t / c u r r e n t s e r v i c e 

data i n a form s u i t a b l e for use by the CLUSTAN package. 
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The f i r s t c l i e n t group analysed with CLUSTAN was 

group 06, with 111 c l i e n t s ( i n c l u d i n g c l i e n t s 

o r i g i n a l l y i n group 07) r e c e i v i n g 83 d i f f e r e n t modes 

of care. Using Ward's h i e r a r c h i c a l method and 

choosing ten as the de s i r e d number of c l u s t e r s or 

modes of care, the r e s u l t s were as shown i n Figure 

6.4.2.1. For each c l u s t e r the a l l o c a t i o n of each 

s e r v i c e i s given as a percentage of the whole 

c l u s t e r . Using these percentages together with the 

number of c l i e n t s a l l o c a t e d a p a r t i c u l a r c l u s t e r or 

mode of care, a measure i s given of the t o t a l 

s e r v i c e usage f o r that mode of care, 

e.g. C l u s t e r 6, with 6 c l i e n t s : 

S e r v i c e s 20 19 2 17 14 

% 100 83.3 50 33.3 33.3 

Se r v i c e measure 6 5 3 2 2 
( " c l i e n t " u n i t s ) 

Thus c l u s t e r 6 represents a s e r v i c e package c o n s i s t i n g of 

s e r v i c e 20 a l l o c a t e d to 6 c l i e n t s , 
and s e r v i c e 19 a l l o c a t e d to 5 c l i e n t s , 
and s e r v i c e 2 a l l o c a t e d to 3 c l i e n t s , 
and s e r v i c e 17 a l l o c a t e d to 2 c l i e n t s , 
and s e r v i c e 14 a l l o c a t e d to 2 c l i e n t s . 

Another i n t e r p r e t a t i o n of s e r v i c e usage i s to regard the 

package as an a l l o c a t i o n per c l i e n t so that each c l i e n t 

r e c e i v e s 

100% of a u n i t of s e r v i c e 20 
and 83.3% of a u n i t of s e r v i c e 19 
and 50% of a u n i t of s e r v i c e 2 
and 33.3% of a u n i t of each of s e r v i c e s 17 and 14. 

The r e s u l t s of the c l u s t e r a n a l y s i s could now be used i n 
an a l t e r n a t i v e modes model for c l i e n t group 06. 
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Appendix 11 includes a f u l l d e s c r i p t i o n of the s e r v i c e s 

a l l o c a t e d to each of the ten modes of care for 

group 06. 

Subsequently the CLUSTAN package was used to analyse 

each of the 35 c l i e n t groups i n turn, r e s u l t i n g i n a 

set of ten modes of care for each c l i e n t group. 

An a n a l y s i s was then produced of the usage of s e r v i c e s 

by c l i e n t s when a l l o c a t e d to the modes of care s e l e c t e d 

by the C l u s t e r A n a l y s i s . This showed, for each mode 

of care w i t h i n each c l i e n t group, the number of c l i e n t s 

r e c e i v i n g that mode of care and, f o r each s e r v i c e , the 

number of c l i e n t s c u r r e n t l y r e c e i v i n g that s e r v i c e . 

An i n c i d e n t a l aspect of the CLUSTAN analyses was the 

problem of est i m a t i n g computer times f o r each a n a l y s i s . 

Over-estimating the time req u i r e d r e s u l t e d i n low 

p r i o r i t i e s being given to the task and hence l o n g i s h 

delays i n r e c e i v i n g r e s u l t s ; under-estimating the 

time r e s u l t e d i n premature abortion of the task 

by the computer operating system and consequently 

no r e s u l t s at a l l . The CLUSTAN manual suggests that 

the c e n t r a l processor time req u i r e d i s prop o r t i o n a l to 

the square of the number of cases i n the data : w h i l s t 

t h i s i s approximately true f o r small numbers of cases 

i t was found that the true r e l a t i o n s h i p i s more 

nearl y exponential and a u s e f u l estimator (see a l s o 

graph i n Appendix 8) was found to be 

t = 2.157 (1. 0 0 8 7 ) X 

where x i s the number of cases 

and t i s the c e n t r a l processor time required on the 
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U n i v e r s i t y ' s NUMAC computer. 

This r e l a t i o n s h i p erred on the side of over-

estimation but was a u s e f u l estimator, p a r t i c u l a r 

for some of the c l i e n t groups with large numbers 

of c l i e n t s . 
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Figure 6.4.2.1 
Re s u l t s of Ward's method of c l u s t e r a n a l y s i s 
Current s e r v i c e s , group 06 (and c l i e n t s from group 07) 
l u u a i i i O . ox u a a e a — x x x 

C l u s t e r 1 T o t a l 12 cases 

S e r v i c e s 1 20 5 17 21 23 15 
% 100 41.7 25.0 16.7 16.7 8.3 8.3 

% x T o t a l 12 5 3 2 2 1 1 

C l u s t e r 2 T o t a l 15 cases 

S e r v i c e s 28 20 6 2 12 3 73 
% 46.7 26.7 20 13.3 13.3 6.7 6.7 

% x T o t a l 7 4 3 2 2 1 1 

and 

S e r v i c e s 62 22 21 18 11 88 15 
% 6.7 6.7 6.7 6.7 6.7 6.7 6.7 

% x T o t a l 1 1 1 1 1 1 1 

C l u s t e r 3 T o t a l 11 cases 

S e r v i c e s 4 20 17 1 19 23 22 21 
% 100 54.5 45.5 18.2 18.2 18.2 18.2 18.2 

% x T o t a l 11 6 5 2 2 2 2 2 

and 

S e r v i c e s 3 5 6 24 14 18 
% 9.1 9.1 9.1 9.1 9.1 9.1 

% x T o t a l 1 1 1 1 1 1 

C l u s t e r 4 T o t a l 22 cases 

S e r v i c e s 6 20 23 17 18 7 4 27 
% 100 45.5 22.7 13.6 9.1 9.1 9.1 4.5 

% x T o t a l 22 10 5 3 2 2 2 1 

and 

S e r v i c e s 28 22 21 19 15 
% 4.5 4.5 4.5 4.5 4.5 

% x T o t a l 1 1 1 1 1 
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Figure 6.4.2.1 (Continued) 

C l u s t e r 5 T o t a l 13 cases 

S e r v i c e s 17 18 16 6 20 
% 92.3 30.8 30. 8 30.8 23 

% x T o t a l 12 4 4 4 3 

C l u s t e r 6 T o t a l 6 cases 

S e r v i c e s 20 19 2 17 14 
% 100 83.3 50 33. 3 33 

% x T o t a l 6 5 3 2 2 

C l u s t e r 7 T o t a l 8 cases 

S e r v i c e s 17 28 18 14 24 
% 100 87.5 75 37. 5 25 

% x T o t a l 8 7 6 3 2 

C l u s t e r 8 T o t a l 14 cases 

S e r v i c e s 25 20 23 17 19 
% 100 85.7 42. 9 35. 7 28 

% x T o t a l 14 12 6 5 4 

and 

S e r v i c e s 3 4 18 15 
% 7.1 7.1 7. 1 7. 1 

% x T o t a l 1 1 1 1 

C l u s t e r 9 T o t a l 6 cases 

S e r v i c e s 28 23 4 17 
% 100 100 100 83. 3 

% x T o t a l 6 6 6 5 

C l u s t e r 10 T o t a l 4 cases 

S e r v i c e s 20 3 19 1 5 
% 100 100 100 100 25 

% x T o t a l 4 4 4 4 1 
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A n a l y s i s of the data for C h e s t e r - l e - S t r e e t d i s t r i c t 

6, 5.1 The use of a s i n g l e d i s t r i c t 

As part of the i n i t i a l modelling i n v e s t i g a t i o n i t was 

decided to construct a model which would be derived 

from a random sample of the o r i g i n a l census data. 

The r e s u l t s from such a model could then be compared 

with r e s u l t s from s i m i l a r models derived from other 

samples of the census data. 

The f i r s t random sample ("KSl") of 1015 records was 

ex t r a c t e d from the o r i g i n a l data using a randomising 

function a v a i l a b l e on the NUMAC computer system. 

Since i t was required that the sample KSI should be a 

r e p r e s e n t a t i v e sample, a chi-squared t e s t was 

performed to t e s t the hypothesis that there was no 

s i g n i f i c a n t d i f f e r e n c e between the d i s t r i b u t i o n 

of c l i e n t group s i z e s i n the sample and the 

d i s t r i b u t i o n of c l i e n t group s i z e s i n the o r i g i n a l 

data. Appendix 9 shows the comparison of c l i e n t 

group s i z e s and the a p p l i c a t i o n of the chi-squared t e s t . 

The conclusion was that there was no s i g n i f i c a n t 

d i f f e r e n c e and so the sample could be regarded as 

r e p r e s e n t a t i v e of the o r i g i n a l data. 

Another chi-squared t e s t was applied to t e s t that the 

sample records had been drawn uniformly from the 

o r i g i n a l data and again the sample data passed the t e s t 

Subsequently, when the model was constructed from t h i s 

random sample, i t was found that the r e s u l t s did not 

appear to be s u i t a b l e for use with the whole county 

and i t seemed l i k e l y that the sample optimum was at a 

d i f f e r e n t point from the optimum for the whole county. 
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Some form of sub-optimisation appeared to be o c c u r r i n g 

Consideration of t h i s r e s u l t l e d to the suggestion 

t h a t , i n s t e a d of using a random sample, a geographical 

" d i s t r i c t " should be used. The consequence of s e l e c t i n 

c l i e n t s from the same d i s t r i c t would be that t h e i r 

s e r v i c e p r o v i s i o n would have been s e l e c t e d by a s i n g l e 

team of s o c i a l workers and hence could be expected to 

be more homogeneous than that a r i s i n g from a random 

sample of c l i e n t s . 

The data for C h e s t e r - l e - S t r e e t d i s t r i c t was ther e f o r e 

e x t r a c t e d from the Cendat data. There were 730 c l i e n t 

records for t h i s d i s t r i c t . 
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6.5.2 Group and s e r v i c e summaries for C h e s t e r - l e - S t r e e t 

In the same way as for the complete set of data, 

an a n a l y s i s was produced, from the C h e s t e r - l e -

S t r e e t c l i e n t records, of the current usage of 

s e r v i c e s by c l i e n t s . The a n a l y s i s i s shown i n 

Appendix 10 and gives, for each c l i e n t group, 

the number of c l i e n t s i n the group and, for each 

s e r v i c e , the number of c l i e n t s i n each group 

c u r r e n t l y r e c e i v i n g that s e r v i c e . 
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6.5.3 A l t e r n a t i v e modes of care for C h e s t e r - l e - S t r e e t 

The C h e s t e r - l e - S t r e e t data, having been e x t r a c t e d 

from the Cendat data, was then matched with the 

c l u s t e r a n a l y s i s . Each c l i e n t record on Cendat 

bad been a l l o c a t e d , using the CLUSTAN package, 

to a p a r t i c u l a r mode of care for the c l i e n t 

group to which that c l i e n t belonged. An a n a l y s i s 

was then produced, for the C h e s t e r - l e - S t r e e t 

d i s t r i c t , of the usage of s e r v i c e s by c l i e n t s 

when a l l o c a t e d to the modes of care . This 

showed, for each mode of care w i t h i n each c l i e n t 

group i n C h e s t e r - l e - S t r e e t , t h e number of c l i e n t s 

r e c e i v i n g that mode of care and, f o r each s e r v i c e , 

the number of c l i e n t s c u r r e n t l y r e c e i v i n g that 

s e r v i c e . 
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CHAPTER 7 

COMPARISONS WITH OTHER REGIONAL MODELS 
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Introduction 

The DHSS Balance of Care approach has been attempted 

in s e v e r a l d i f f e r e n t regions and some of these r e s u l t s 

have been made a v a i l a b l e for purposes of comparison. 
S8 

The W i l t s h i r e Area Health Authority and W i l t s h i r e 

County Council have followed the DHSS approach quite 

c l o s e l y , as has East Sussex ' . In the West Midlands 

a p i l o t programme was begun i n the d i s t r i c t of Dudley 
4W 14. 

(see N i c h o l l s ) and i n Cornwall too the Balance of 

Care approach has been used. 

In a l l cases the models have been used for the e l d e r l y 

c l i e n t group alone. Only i n Dudley was the model to 

be extended to include other c l i e n t groups. The present 

author's l i n e a r programming model with a l t e r n a t i v e 

modes of care (LPAM) was constructed (see Chapter 5) 

to include a l l c l i e n t groups but the comparisons i n t h i s 

chapter n e c e s s a r i l y r e l a t e only to the group of e l d e r l y 

c l i e n t s . 
g 

Borley , Taylor and West have discussed the implementations 

of the Balance of Care approach i n W i l t s h i r e and i n East 

Sussex: t h e i r d i s c u s s i o n s focus on the need to s e t up 

J o i n t Management Teams (JMT) and P r o f e s s i o n a l Advisory 

Groups (PAG). Kleraperer and McClenahan have d i s c u s s e d 

the choice of groups and c a t e g o r i e s of c l i e n t s and the 

s e l e c t i o n of s u i t a b l e modes of care when the Balance of 

Care approach i s to be applied. 

The following s e c t i o n s describe the W i l t s h i r e , E a s t 

Sussex, Dudley and Cornwall implementations and make some 

comparisons with the Durham study. 
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7.2 W i l t s h i r e 

SS 

W i l t s h i r e Area Health Authority and W i l t s h i r e County 

Council (1982) worked with the DHSS Uperational Research 

S e r v i c e c o n s u l t a n t s Arthur Andersen and Co. on a p i l o t 

p r o j e c t which set out to e s t a b l i s h a computer-based 

model for care of the e l d e r l y which could be used to 

examine the consequences of d i f f e r e n t p o l i c y options 

for the fu t u r e . 

In the f i r s t instance a survey was c a r r i e d out of e l d e r l y 

c l i e n t s r e c e i v i n g care, both i n h o s p i t a l i n s t i t u t i o n s , 

i n r e s i d e n t i a l homes and i n t h e i r own homes. The survey 

r e s u l t s published include a n a l y s i s of length of stay 

and home circumstances of those i n g e r i a t r i c or p s y c h i a t r i c 

h o s p i t a l s ; the home circumstances and d i s a b i l i t y l e v e l s 

of those i n r e s i d e n t i a l homes or attending day h o s p i t a l s 

( p s y c h i a t r i c or g e r i a t r i c ) or day ce n t r e s ; the pattern 

of v i s i t s of community nu r s i n g or community p s y c h i a t r i c 

nursing; home help a l l o c a t i o n s to those i n t h e i r own homes; 

d i s a b i l i t y l e v e l s of and s o c i a l s e r v i c e s supplied to 

those i n s h e l t e r e d housing, p r i v a t e and voluntary homes. 

A P r o f e s s i o n a l Advisory Group (PAG) was s e t up and t h i s 

group used the survey r e s u l t s to di v i d e the e l d e r l y i n t o 

31 c a t e g o r i e s and to s e t a range of a l t e r n a t i v e acceptable 

forms of care . The c a t e g o r i e s were grouped by using the 

c l i e n t ' s degree of p h y s i c a l d i s a b i l i t y - s e v e r e , moderate, 

minor or none; the degree of incontinence - doubly, r e g u l a r l y 

or not at a l l ; the mental s t a t e -dementia, behaviour 

d i s o r d e r s or normal; and the environmental circumstances 

- housing adequate or inadequate, supportive neighbours 

or r e l a t i v e s or adverse support. 
Appendix 14 shows the 31 c a t e g o r i e s of e l d e r l y c l i e n t s 
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d e v i s e d f o r W i l t s h i r e t o g e t h e r w i t h the i d e a l a l t e r n a t i v e 

modes of care f o r each c a t e g o r y . The P.A.G. then 

gave each scde of care a score r a n g i n g from 3 ( p r e f e r r e d ) 

t o 0 ( u n a c c e p t a b l e f o r the f u t u r e but c u r r e n t l y b e i n g 

used) and these are a l s o shown i n Appendix 14. The 

P.A.G. next c o n s i d e r e d s e r v i c e l e v e l s and have i n d i c a t e d 

minimum standards for day and d o m i c i l i a r y s e r v i c e s . 

These are used outside the computer model t o give each 

s e r v i c e an acceptable range of a l l o c a t i o n from the 

minimum to the i d e a l f o r each c l i e n t . 

Comparisons have been made by the present author between 

ca t e g o r i e s of e l d e r l y c l i e n t s used i n W i l t s h i r e , E a s t 

Sussex and Durham, and between some of the modes of care 

i n use i n W i l t s h i r e and Durham, 

( i ) Categories of e l d e r l y c l i e n t s 

Both W i l t s h i r e and Eas t Sussex used the degree of 

d i s a b i l i t y as an a t t r i b u t e for c l a s s i f i c a t i o n 

purposes and the Durham groups have been combined 

by the author into s i m i l a r c a t e g o r i e s . 

Thus, "Severely d i s a b l e d " includes group 09 

"Moderately d i s a b l e d " includes groups 10,11,1 

"Minor d i s a b i l i t y " i ncludes groups 12,14,16 

"None" includes group 17 

The numbers and percentages of c l i e n t s surveyed are 

shown i n the following t a b l e , c l a s s i f i e d according 

to the degree of d i s a b i l i t y . 
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Severe Moderate Minor None 
No. % of tot No . or 

.0 No . cr 
.•a No. (Jf 

,o 
T o t a l 

1 Durham 226 14 491 31 613 39 250 16 1580 
j W i l t s h i r e . 1486 9 3285 20 6966 43 4297 27 16034 
i 
! E. Sussex 2169 14 4014 26 5740 37 3754 24 15677 

These f i g u r e s are not t r u l y comparable sin c e the W i l t s h i r e and East 

Sussex f i g u r e s include c l i e n t s in h o s p i t a l i n s t i t u t i o n s whereas the 

Durham f i g u r e s do not. In addition the Durham survey included only 

" a c t i v e " cases on the s o c i a l workers' caseload and the W i l t s h i r e and 

E a s t Sussex surveys included a l l (or a sample of a l l ) c l i e n t s r e c e i v i n g 

c a r e . Many of the W i l t s h i r e and East Sussex c l i e n t s would not be 

" a c t i v e " cases s i n c e t h e i r needs would have been assessed i n the past 

and the care they r e c e i v e decided at that time. 

Nevertheless, the proportions of the c l i e n t s i n each of the disablement 

c a t e g o r i e s could be expected to be s i m i l a r . 

Assuming the Durham d i s t r i b u t i o n to be the "expected" d i s t r i b u t i o n , 
2 

t e s t s of goodness of f i t (%. ) were applied to the W i l t s h i r e and Ea s t 

Sussex c l a s s i f i c a t i o n s i n turn. 

Expected numbers were thus: 
Severe Moderate Minor None j T o t a l 

W i l t s h i r e 2293 4983 6221 2537 16034 

E. Sussex 2242 4872 6082 2481 15677 

V ( 0 - E ) 2 

Test s t a t i s t i c X 2 =/ — ~ — with 3 degrees of freedom. - L . E 
l e v e l , 

C r i t i c a l Region > 7.815. 

At 5% s i g n i f i c a n c e l e v e l , ^\%t>s 3
 = 7.815, 

For W i l t s h i r e , % 2 = 2173. 

Thus, 9^ i s i n t n e C r i t i c a l Region and there i s a s i g n i f i c a n t 

d i f f e r e n c e between the W i l t s h i r e d i s t r i b u t i o n and the Durham proportions. 

For East Sussex, TO2 = 826. 
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Thus, "5C i s again, i n the C r i t i c a l Region and there i s a 

s i g n i f i c a n t d i f f e r e n c e between the East Sussex d i s t r i b u t i o n 

and the Durham p r o p o r t i o n s . 

Since the W i l t s h i r e and Ea s t Sussex surveys were using the 

same c a t e g o r i e s there may be expected to be s i m i l a r i t i e s 

in the proportions of c l i e n t s for these two counties 

Using W i l t s h i r e as the "expected" d i s t r i b u t i o n , the expected 

numbers in Ea s t Sussex are : 

Severe Moderate Minor None T o t a l 
E. Sussex 1453 3212 6811 4201 15677 

Then % 2 = 769 

Thus 7C? i s again i n the C r i t i c a l Region and there i s a 

s i g n i f i c a n t d i f f e r e n c e between the Ea s t Sussex d i s t r i b u t i o n 

and the W i l t s h i r e proportions. 

I t i s apparent from t h i s a n a l y s i s that there are s u f f i c i e n t 

d i f f e r e n c e s i n c l i e n t c a t e g o r i e s between the counties, 

whether through how the c l i e n t s are c a t e g o r i s e d or through 

how the c l i e n t s are d i s t r i b u t e d , to make comparisons very 

d i f f i c u l t . 

( i i ) Modes of Care 

The W i l t s h i r e survey r e s u l t s showed how d i f f e r e n t 

c a t e g o r i e s of the e l d e r l y were cared for at that time 

(1981). The present author has attempted to make 

some comparisons of the care given i n W i l t s h i r e and i n 

County Durham. For the "completely dependent" e l d e r l y 

group i n County Durham and the equivalent " s e v e r e l y 

d i s a b l e d " e l d e r l y group in W i l t s h i r e , care was given 

in the following proportions: 
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WILTSHIRE DURHAM 
% f n l i . No. No. % 

I n s t i t u t i o n a l 484 32.6 " " 
R e s i d e n t i a l j.5-* x u . - t u . i 1 3 ±j..t 
Day Care 93 6.3 9.3 60 26.5 
D o m i c i l i a r y 752 50.7 75.3 117 51.8 

TOTAL 1483 100 100 226 100 

N.B. The W i l t s h i r e survey included h o s p i t a l i n s t i t u t i o n s but 

the Durham survey did not. 

When c l i e n t s i n i n s t i t u t i o n a l domiciles are excluded from the 

W i l t s h i r e f i g u r e s , i t appears that twice the proportion of 

the s e v e r e l y dependent group are i n r e s i d e n t i a l homes i n Durham 

than i n W i l t s h i r e and more than twice the proportion are given 

some form of day care. T h i s comparison may be misleading, however, 

s i n c e the Durham group shown does not include those c l i e n t s i n the 

category "more than 3 p h y s i c a l handicaps" - these c l i e n t s not being 

considered to be " completely dependent". I t i s p o s s i b l e that i n 

W i l t s h i r e such c l i e n t s would be c l a s s i f i e d i n with the " s e v e r e l y 

d i s a b l e d " group. I f these c l i e n t s are included, the comparison 

becomes: 

WILTSHIRE DURHAM 

No. exc % i n s t No. I 
R e s i d e n t i a l 154 15.4 62 14. 9 
Day Care 93 9.3 93 22.4 
D o m i c i l i a r y 752 75.3 261 62.7 

999 100 416 100 

When these f i g u r e s are compared, a s t a t i s t i c a l t e s t of d i f f e r e n c e 

between the proportion i n r e s i d e n t i a l homes i n Durham and the 

proportion i n r e s i d e n t i a l homes i n W i l t s h i r e shows that there 

i s no s i g n i f i c a n t d i f f e r e n c e . 
P l " P 2 

(The t e s t s t a t i s t i c 2 = . = 0.25 and 
/p(l-p) / 1 + 1 ~ 

K n 2 
t h i s i s outside the C r i t i c a l Region |al > 1.96 at the 5% 
s i g n i f i c a n c e l e v e l ) . 

- 211 -



A s t a t i s t i c a l t e s t of d i f f e r e n c e between the proportions in 

day care in Durham and i n W i l t s h i r e shows that there i_s a 

s i g n i f i c a n t d i f f e r e n c e . (The t e s t s t a t i s t i c 2 = 5.52 i s 

i n s i d e the C r i t i c a l Region i z l > 1.96 at the 5% s i g n i f i c a n c e 

l e v e l ) . 

S i m i l a r l y , there i s a s i g n i f i c a n t d i f f e r e n c e between the proportions 

in d o m i c i l i a r y care i n Durham and i n W i l t s h i r e (The t e s t s t a t i s t i c 

3 = -4.76 and i s i n the C r i t i c a l Region). 

I t i s apparent that, for these s e v e r e l y d i s a b l e d c l i e n t s , although 

the two counties have a s i m i l a r proportion domiciled i n r e s i d e n t i a l 

homes, more County Durham c l i e n t s r e c e i v e care i n day ce n t r e s than 

do the W i l t s h i r e c l i e n t s . 

At the other end of the e l d e r l y c l i e n t spectrum, c l i e n t s c a t e g o r i s e d 

as having no d i s a b i l i t i e s were cared f o r i n the two counties i n the 

fo l l o w i n g proportions by domicile, excluding i n s t i t u t i o n a l c a r e : 

WILTSHIRE DURHAM 

No. 1 No. % 
R e s i d e n t i a l 73 1.7 5 2.0 
Day Care 158 3.7 28 11.2 
D o m i c i l i a r y 4026 94.6 217 86.8 

4257 100 250 100 

A s t a t i s t i c a l t e s t of s i g n i f i c a n c e between the proportions cared 

for i n r e s i d e n t i a l homes i n the two counties shows that there i s 

no s i g n i f i c a n t d i f f e r e n c e . 

(The t e s t s t a t i s t i c 3 = 0.34 and i s not i n the C r i t i c a l Region). 

However, s i m i l a r t e s t s on the proportions cared for by day care 

and those cared for i n d o m i c i l i a r y mode show that there are 

s i g n i f i c a n t d i f f e r e n c e s between the two counties. 

In each of the e l d e r l y c l a s s e s compared ( i e the most d i s a b l e d and xhe 

l e a s t d i s a b l e d ) there i s a s i m i l a r proportion cared for i n 

r e s i d e n t i a l homes i n W i l t s h i r e and Durham, but the proportion 

r e c e i v i n g some form of day care ( at a day centre or day h o s p i t a l ) 
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i s considerably greater i n Durham than i n W i l t s h i r e . 

(Between twice and three times the proportion of each group 

r e c e i v e day care in Durham than i n W i l t s h i r e ) . 

The W i l t s h i r e p r o j e c t had continued by p r o j e c t i n g the 

resource requirements on the b a s i s of recommendations by 

the P.A.G. These were i n turn based on the view that there 

would be a move towards community based forms of care and away 

from more i n s t i t u t i o n a l types. Amounts of resources were 

pro j e c t e d on the b a s i s of 22% i n c r e a s e i n e l d e r l y population 

by 1991 and patterns of care moving towards the p r e f e r r e d or 

"best" ( i e cheapest) forms. The method used to c a l c u l a t e the 

amounts of resources which would be needed was not described 

but i t i s l i k e l y that the DHSS/A. Andersen SPRAM model was 

used s i n c e the W i l t s h i r e p r o j e c t i s described as a p i l o t 

p r o j e c t i n conjunction with the DHSS and A. Andersen & Co. 

The main conclusions of the W i l t s h i r e p r o j e c t appeared to 

be that there were many inadequacies i n the present s e r v i c e s ; 

that operation of the s e r v i c e s needed to be improved before 

c l e a r choices could be made for s t r a t e g i c d e c i s i o n s about 

which s e r v i c e s to spend finance on;and that the Balance of 

Care a n a l y s i s could be used to e s t a b l i s h d i r e c t i o n s f o r change 

and p r i o r i t y areas for f u r t h e r resources. 

Recent (1986) e n q u i r i e s by the present author have found that 

i n W i l t s h i r e , development of the model continued i n conjunction 

with the DHSS and Arthur Andersen & Co. The i n t e n t i o n was to 

change the o r i g i n a l r e g i o n a l model, which was based on a 

mainframe computer, in t o a d i s t r i c t - o r i e n t e d model which 

would be developed f o r a micro-computer. The r e g i o n a l model 

had been based on the simple proportional resource a l l o c a t i o n 

method (SPRAM) and the planners had found i t d i f f i c u l t to 

- 213 -



understand. I t had taken a l o t of resources during 

development but had bssn found not t o be p a r t i c u l a r l y 

u s e f u l . Although the model could propose plans for 

resource usage, i t was more d i f f i c u l t to c o n t r o l the 

usage of resources i n l i n e with the plans. 

The new d i s t r i c t - b a s e d model was expected to become 

a v a i l a b l e during the next s i x months (1986) and would be 

used to give more e f f e c t i v e continuous c o n t r o l to the use 

of resources. I t was expected that the new model would 

contain more fea t u r e s such as c o n t r o l parameters to permit 

the planners to e x e r c i s e more d i r e c t c o n t r o l over the plans. 
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7 . 3 Eas t Sussex 

In E a s t Sussex another p i l o t study took place i n 

conjunction with the DHSS Operational Research S e r v i c e 

and Arthur Andersen & Co. The mathematical model used to 

aid planning i s not described i n d e t a i l but i s r e f e r r e d to 

as a s i m p l i f i e d computer-based planning model i n a portable 

v e r s i o n . "This model takes data and assumptions and from 

t h i s produces the i m p l i c a t i o n s of d i f f e r e n t methods of ca r e " . 

L i k e the W i l t s h i r e p r o j e c t , the E a s t Sussex study was to 

develop a s t r a t e g y to improve the care of the e l d e r l y : 

r e f e r e n c e i s made to previous use of the model to balance 

the care between acute and long stay s e r v i c e s . In E a s t 

Sussex a major aim was to achieve j o i n t planning between 

Health, S o c i a l S e r v i c e s and Housing. A j o i n t Management 

Team (JMT) and a P r o f e s s i o n a l Advisory Group (PAG) were s e t 

up along the l i n e s recommended by DHSS/A. Andersen (see 

s e c t i o n 4.4 and Borley , Taylor and West's paper "Balance 

of Care - a User's View of a New Approach to J o i n t Strategy 

P l a n n i n g " ) . A survey of c l i e n t s was conducted; c l i e n t s were 

c l a s s i f i e d based on degree of d i s a b i l i t y , mental 3 t a t e , degree 

of incontinence, s o c i a l circumstances and environmental 

circumstances. 32 c l i e n t c a t e g o r i e s were used. Resources 

included i n the model were those regarded as playing a 

s i g n i f i c a n t part i n the long term care of the e l d e r l y and 

those having major i m p l i c a t i o n s f o r s t r a t e g i c planning. 17 

resources were included. The PAG defined packages of care 

which were regarded as p r e f e r r e d , acceptable or unacceptable 

for each c l i e n t category. (These are described f u r t h e r i n 

Klemperer and McClenahan s paper J o i n t S t r a t e g i c Planning 

between h e a l t h and l o c a l a u t h o r i t i e s " ) . 
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The B a l a n c e of C a r e model was t h e n u s e d as d e s c r i b e d i n 

S e c t i o n 4.4 to p r o d u c e : 

( i ) C u r r e n t p r o v i s i o n of c a r e . 

( i i ) R e s o u r c e s needed to m a i n t a i n t h e c u r r e n t 

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

( i i i ) L i k e l y c o n s e q u e n c e s i f amounts of r e s o u r c e s 

a r e changed. 

( i v ) R e s o u r c e s r e q u i r e d to p r o v i d e t h e b e s t form 

of c a r e . 

( v ) G i v e n a p a t t e r n of r e s o u r c e s what i s t h e most 

e f f e c t i v e way t o a l l o c a t e them so t h a t t h e 

g r e a t e s t number of p e o p l e c a n r e c e i v e t h e 

b e s t c a r e . 
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R e s u l t s g i v e n r e l a t e to B r i g h t o n , E a s t b o u r n e and H a s t i n g s 

a r e a s and a r e : 

( a ) t h o s e r e l a t i n g d e g r e e of d i s a b i l i t y to how 

c l i e n t s a r e c a r e d f o r by d o m i c i l e , 

( b ) e s t i m a t e s of numbers of t h o s e e l d e r l y c l i e n t s 

w i t h e a c h degree o f d i s a b i l i t y c u r r e n t l y r e c e i v i n g 

c a r e and t h o s e e s t i m a t e d t o be i n need o f c a r e , 

( c ) a s u b j e c t i v e c o m p a r i s o n r a t i n g c u r r e n t l e v e l s o f 

s e r v i c e s s u p p l i e d w i t h t h o s e c o n s i d e r e d a d v i s a b l e 

by t h e PAG. 

The r e s u l t s i n ( a ) were u s e d i n s e c t i o n 7,2 above and have 

been compared w i t h t h e W i l t s h i r e p r o j e c t and t h e Durham s u r v e y . 

I t was found t h a t t h e r e were s i g n i f i c a n t d i f f e r e n c e s i n 

c l i e n t c a t e g o r i e s between t h e t h r e e c o u n t i e s : W i l t s h i r e , 

E a s t S u s s e x and Durham, so t h a t c o m p a r i s o n s a r e d i f f i c u l t 

t o make. 

An a t t e m p t was made, however, by t h e p r e s e n t a u t h o r t o make 

c o m p a r i s o n s f o r t h e s e v e r e l y d i s a b l e d group, as was done f o r 

W i l t s h i r e . I n t h e E a s t S u s s e x r e s u l t s a v a i l a b l e , o n l y 

p e r c e n t a g e s were p r e s e n t e d f o r c l i e n t s c u r r e n t l y r e c e i v i n g 

c a r e i n d i f f e r e n t d o m i c i l e s , and t h e s e were s e p a r a t e d i n t o 

B r i g h t o n , E a s t b o u r n e and H a s t i n g s a r e a s . By t a k i n g t h e t o t a l 

number of s e v e r e l y d i s a b l e d c l i e n t s i n e a c h o f t h e t h r e e 

a r e a s , i t was p o s s i b l e to d e r i v e t h e a c t u a l numbers i n e a c h 

d o m i c i l e and to a g g r e g a t e t h e s e t o g i v e t h e t o t a l number of 

E a s t S u s s e x c l i e n t s r e c e i v i n g c a r e i n i n s t i t u t i o n s , i n 

r e s i d e n t i a l homes, by day c a r e o r by d o m i c i l i a r y c a r e . 
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T h e r e was however a n o t h e r c a t e g o r y i n a p p r o p r i a t e c a r e 

and i t i s not c l e a r w hether a l l c l i e n t s b e i n g i n a p p r o p r i a t e l y 

c a r e d f o r ( i n the view of t h e PAG) a r e grouped i n t h i s 

c a t e g o r y . F o r c o m p a r a t i v e p u r p o s e s t h i s group and t h e 

i n s t i t u t i o n a l c l i e n t s were e x c l u d e d , so t h e numbers o f 

s e v e r e l y d i s a b l e d c l i e n t s i n E a s t S u s s e x were c a r e d f o r by 

d o m i c i l e as f o l l o w s : 

Number % 

R e s i d e n t i a l 344 28.9 

Day C a r e 103 8.6 

D o m i c i l i a r y 744 62.5 

T o t a l 1191 100 

T h e s e were compared w i t h t h e W i l t s h i r e and Durham gr o u p s , 

w h i c h were as f o l l o w s : 

W i l t s h i r e Durham 

No. % e x c . I n s t No. % 

R e s i d e n t i a l 154 15.4 62 14.9 

Day C a r e 93 9.3 93 22.4 

D o m i c i l i a r y 752 75.3 261 62.7 

999 100 416 100 
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S t a t i s t i c a l t e s t s of d i f f e r e n c e between t h e v a r i o u s p r o p o r t i o n s 

i n r e s i d e n t i a l homes, day c a r e o r d o m i c i l i a r y c a r e i n Durham 

and t h e p r o p o r t i o n s i n E a s t S u s s e x show 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 the p r o p o r t i o n s of 

c l i e n t s i n d o m i c i l i a r y c a r e i n Durham and i n E a s t S u s s e x 

(3 = 0.10) but t h a t t h e r e a r e 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 p r o p o r t i o n s i a r e s i d e n t i a l c a r e i n the two c o u n t i e s 

(3 = - 5 . 7 ) a n d between the p r o p o r t i o n s i n day c a r e i n the two c o u n t i e s 

(3= 7 . 4 ) . 

Co m p a r i s o n s between t h e W i l t s h i r e and E a s t S u s s e x p r o p o r t i o n s 

show 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 r o p o r t i o n s of 

c l i e n t s i n day c a r e i n W i l t s h i r e and i n E a s t S u s s e x (3= 0.76) 

but t h a t t h e r e a r e 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 p r o p o r t i o n s 

i n r e s i d e n t i a l c a r e i n t h e two c o u n t i e s ( 3 =-7.5 ) and between 

t h e p r o p o r t i o n s i n d o m i c i l i a r y c a r e i n t h e two c o u n t i e s ( 3 = 6 . 4 ) . 

Thus on t h e b a s i s of t h e f i g u r e s a v a i l a b l e and w i t h t h e a s s u m p t i o n s 

a l r e a d y s t a t e d , i t a p p e a r s t h a t , f o r t h e most s e v e r e l y d i s a b l e d 

o f e l d e r l y c l i e n t s : Durham and W i l t s h i r e c a r e f o r s i m i l a r 

p r o p o r t i o n s i n r e s i d e n t i a l homes, Durham and E a s t S u s s e x c a r e 

f o r s i m i l a r p r o p o r t i o n s by d o m i c i l i a r y c a r e w h i l s t W i l t s h i r e 

and E a s t S u s s e x c a r e f o r s i m i l a r p r o p o r t i o n s by day c a r e . The 

p r o p o r t i o n of c l i e n t s i n r e s i d e n t i a l homes i n E a s t S u s s e x i s 

c o n s i d e r a b l y g r e a t e r ( i e . about t w i c e ) t han the p r o p o r t i o n s 

i n t h e o t h e r two c o u n t i e s ; t h e p r o p o r t i o n of c l i e n t s i n d o m i c i l i a r y 

c a r e i n W i l t s h i r e i s g r e a t e r t han i n t h e o t h e r two c o u n t i e s ; 

and t h e p r o p o r t i o n o f c l i e n t s r e c e i v i n g day c a r e i n County 

Durham i s c o n s i d e r a b l y g r e a t e r ( i e . more than t w i c e ) t h a n i n 

the o t h e r two c o u n t i e s . 

S i n c e the d i s t r i b u t i o n s of c a t e g o r i e s of c l i e n t s a r e not 

t h e same ( s e e s e c t i o n 7 . 2 ) , the r e a s o n s f o r the above d i f f e r e n c e s 

may be t h a t c l i e n t s w i t h t h e same d i s a b i l i t i e s would be a l l o c a t e d 
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to d i f f e r e n t c a t e g o r i e s i n t h e t h r e e c o u n t i e s . F u r t h e r 

e x a m i n a t i o n of t h e s e v e r e l y d i s a b l e d c a t e g o r i e s f o r E a s t 

S u s s e x and Durham show t h a t t h e p r o p o r t i o n s f o f a l l e l r l p r i y 

c l i e n t s under c o n s i d e r a t i o n ) b e i n g a l l o c a t e d to t h e s e v e r e l y 

d i s a b l e d c a t e g o r y a r e not s i g n i f i c a n t l y d i f f e r e n t between 

t h e s e two c o u n t i e s , so the s i m i l a r i t y i n d o m i c i l i a r y c a r e 

i n t h e s e two c o u n t i e s i s c o m p a r a b l e , a s i s t h e g r e a t e r p r o p o r t i o n 

i n r e s i d e n t i a l homes i n E a s t S u s s e x . S i n c e t h e p r o p o r t i o n 

r e c e i v i n g day c a r e i s g r e a t e r i n County Durham t h i s s u g g e s t s t h a t 

some c l i e n t s who would r e c e i v e r e s i d e n t i a l c a r e i f t h e y l i v e d 

i n E a s t S u s s e x a r e b e i n g g i v e n day c a r e i n County Durham. 

R e c e n t ( 1 9 8 6 ) e n q u i r i e s by t h e p r e s e n t a u t h o r have found t h a t 

i n E a s t S u s s e x , a l t h o u g h t h e B a l a n c e of C a r e Model was i n i t i a l l y 

u s e d t o produce i n f o r m a t i o n f o r p l a n n i n g p u r p o s e s , t h e r e was 

a l m o s t a s u r f e i t o f i n f o r m a t i o n so t h a t t h e r e was too much 

f o r t h e p l a n n e r s t o d i g e s t . S i n c e t h e n t h e model has been 

l i t t l e u s e d and t h e d a t a b a s e has not been u p d a t e d but 

r e c e n t l y work has begun a g a i n and t h e model i s "on t h e v e r g e 

of r u n n i n g " . I n t h e meantime t h e emphasis had been, as i n 

County Durham, on o t h e r p l a n n i n g s y s t e m s s u c h as a dependency 

s c o r i n g a s s e s s m e n t s y s t e m . A management package b a s e d on a 

m i c r o -computer was b e i n g d e v e l o p e d to g e n e r a t e r e p o r t s on 

a l t e r n a t i v e p a c k a g e s of c a r e and i n d i c a t o r s of p e r f o r m a n c e 

i n r e s p e c t of r e s o u r c e u s a g e . 
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7.4 Dudley, West M i d l a n d s 

F o r t h e West M i d l a n d s , I G N i c h o l l s has d e s c r i b e d 

i n " J o i n t P l a n n i n g i n Dudley - t h e R o l e of t h e 

B a l a n c e of C a r e " an a p p l i c a t i o n of the B a l a n c e o f 

C a r e (BOC) app r o a c h i n a s i n g l e - d i s t r i c t a r e a , D u d l e y . 

I t had not been p o s s i b l e t o c o n v i n c e both t h e West 

M i d l a n d s H e a l t h A u t h o r i t y and t h e S o c i a l S e r v i c e s 

Department of t h e v a l u e o f t h e B a l a n c e of C a r e model 

but D i r e c t o r s i n Dudley d i s t r i c t b e l i e v e d i t might be 

p o s s i b l e t o p r o c e e d w i t h BOC i n t h e i r a r e a . I n s t e a d 

o f g o i n g ahead and d e v e l o p i n g a model s p e c i f i c t o 

Dudley i t was n e c e s s a r y t o b e g i n by d e m o n s t r a t i n g 

t h e p o t e n t i a l o f t h e BOC model and so t h e o r i g i n a l 

Devon framework had t o be u s e d t o g e t h e r w i t h d a t a f o r 

Dudley. T h i s was s u c c e s s f u l enough to c o n v i n c e t h e 

J o i n t C a r e P l a n n i n g Team t h a t a t a i l o r - m a d e model 

s h o u l d be c o n s t r u c t e d f o r Dudley. T h a t model was 

b e i n g c o n s t r u c t e d but no r e s u l t s were p r e s e n t e d . 

R e c e n t ( 1 9 8 6 ) e n q u i r i e s by t h e p r e s e n t a u t h o r have 

found t h a t , s i n c e N i c h o l l s ' p a p e r was p u b l i s h e d , t h e 

model was d e v e l o p e d and implemented i n t h e West 

M i d l a n d s r e g i o n . A mainframe computer v e r s i o n o f t h e 

DHSS/A. A n d e r s e n SPRAM model i s now (19 8 6 ) i n u s e f o r 

s e v e r a l d i f f e r e n t c l i e n t groups a s w e l l as t h e 

e l d e r l y , v i z . t h e younger p h y s i c a l l y h a n d i c a p p e d , 

t h e m e n t a l l y h a n d i c a p p e d , t h e m e n t a l l y i l l and 

( c u r r e n t l y b e i n g implemented) c h i l d r e n , e a c h o f t h e s e 

groups h a v i n g i t s own s e p a r a t e model. The o p e r a t i o n a l 

r e s e a r c h w o r k e r s have found t h a t t h e p l a n s p r o d u c e d 
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by t h e models "were not p a r t i c u l a r l y i n t e r e s t i n g 

to t h e p l a n n e r s " , and i n p a r t i c u l a r t h a t no 

s t r a t e g i c p l a n f o r t h e e l d e r l y ( o r i n d e e d 

t h e o t h e r g r o u p s ) has y e t been e s t a b l i s h e d . 

Of a l l t h e c l i e n t groups, t h e m e n t a l l y h a n d i c a p p e d 

model h a s been the l e a s t s u c c e s s f u l : t h e B a l a n c e of 

C a r e Model i n i t s SPRAM v e r s i o n i s b a s e d on t h e 

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

c a r e f o r c l i e n t s i n s i m i l a r f a s h i o n t o c u r r e n t 

c a r e , but t h e p h i l o s o p h y o f c a r i n g f o r t h e m e n t a l l y 

h a n d i c a p p e d h a s been c h a n g i n g c o n s i d e r a b l y l a t e l y , so 

t h a t p r e v i o u s p a t t e r n s o f c a r e a r e no l o n g e r c o n s i d e r e d 

a p p r o p r i a t e . 

From t h e s e r e c e n t ( 1 9 8 6 ) o b s e r v a t i o n s , two appear t o 

be o f most i n t e r e s t : 

( a ) t h e p l a n s produced by t h e models "were not 

p a r t i c u l a r l y i n t e r e s t i n g t o t h e p l a n n e r s " , 

and 

(b) where t h e p h i l o s o p h y o f c a r e was c h a n g i n g , 

t h e model was " l e a s t s u c c e s s f u l " . 

T h e s e o b s e r v a t i o n s , i n r e l a t i o n t o t h e DHSS/A. A n d e r s e n 

model, s u g g e s t t h a t a model w h i c h p r o d u c e d "more 

i n t e r e s t i n g " p l a n s and w h i c h c o u l d d e v e l o p d i f f e r e n t 

c a r i n g p a t t e r n s might be more u s e f u l t o t h e p l a n n e r s . 

The a u t h o r ' s l i n e a r programming model w i t h a l t e r n a t i v e 

modes o f c a r e (LPAM) may t h e r e f o r e be a more u s e f u l 

model t h a n t h e SPRAM model s i n c e i t has been shown 

(S e e C h a p t e r 8) t h a t t h e LPAM model may pro p o s e q u i t e 

r a d i c a l c h anges i n c a r i n g p a t t e r n s when changes i n 
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p o p u l a t i o n and changes i n r e s o u r c e a v a i l a b i l i t y 

a r e i n p u t . The a l t e r n a t i v e modes o f c a r e a r e 

d e f i n e d as b e i n g a c c e p t a b l e a l t e r n a t i v e s and t h e 

LPAM model may choose an u n e x p e c t e d (and hence more 

i n t e r e s t i n g ) c o m b i n a t i o n o f modes o f c a r e f o r t h e 

p l a n n e r s t o c o n s i d e r . I n o r d e r t o h a n d l e c h a n g i n g 

p h i l o s o p h i e s of c a r e t h e LPAM model would need t o 

be p r o v i d e d w i t h an a p p r o p r i a t e new r a n g e of 

a l t e r n a t i v e s modes of c a r e ( w i t h i n t h e changed 

p h i l o s o p h y ) and w e i g h t s would t h e n be a l l o t t e d so 

t h a t t h e new modes were g i v e n g r e a t e r w e i g h t i n g t h a n 

t h e o l d modes. The model c o u l d t h e n s e l e c t from t h e 

ran g e o f modes of c a r e w h a t e v e r c o m b i n a t i o n of 

a l l o c a t i o n s o f c l i e n t s t o modes w h i c h b e s t f i t t e d 

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

f o r c e r t a i n p a t t e r n s o f c a r e . 
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7. 5 C o r n w a l l 

14. C o r n w a l l County C o u n c i l has used the B a l a n c e of C a r e 
a p p r o a c h to d e t e r m i n e w h i c h of t h e s e r v i c e s f o r t h e e l d e r l y 
s h o u l d have p r i o r i t y f o r development. I n C o r n w a l l , s u r v e y s 
were c a r r i e d out to f i n d out the numbers and t y p e s 
of c l i e n t s r e c e i v i n g e a c h t y p e of s e r v i c e . P r o f e s s i o n a l 
A d v i s e r s ( a sub-group of t h e C a r e P l a n n i n g Group f o r the 
E l d e r l y i n C o r n w a l l ) c o n s i d e r e d how to group c l i e n t s i n t o 
c a t e g o r i e s and used t h e f o l l o w i n g f a c t o r s to do s o : 
a b i l i t y t o l o o k a f t e r t h e m s e l v e s , s o c i a l c i r c u m s t a n c e s , 
l e v e l of i n c o n t i n e n c e , m e n t a l s t a t e . They t h e n d e s c r i b e d 
t h e t y p e o f c a r e t h a t would be a p p r o p r i a t e to e a c h 
c a t e g o r y . C o n s t r a i n t s on r e s o u r c e s were s e t by t h e 
P r o j e c t ' s Management Group. 

The model was u s e d to p r o v i d e i n f o r m a t i o n on: 

( i ) C u r r e n t u s e of r e s o u r c e s , 
( i i ) F u t u r e u s e of r e s o u r c e s o v e r t h e n e x t 5 y e a r s 

a s s u m i n g i n c r e a s e s i n p o p u l a t i o n and t h a t a c o n s t a n t 
p r o p o r t i o n o f t h e t o t a l would r e c e i v e c a r e . 

The r e s u l t s a v a i l a b l e do n o t d i v i d e t h e e l d e r l y c l i e n t s 

i n t o c a t e g o r i e s so i t i s not p o s s i b l e to make c o m p a r i s o n s 

w i t h t h e o t h e r i m p l e m e n t a t i o n s . 

Some d i f f i c u l t i e s a r e d i s c u s s e d , s u c h as t h e problems i n 

p r o v i d i n g t r a n s p o r t to day c a r e f a c i l i t i e s f o r c l i e n t s 

r e s i d i n g l a r g e d i s t a n c e s away, and t h e d i f f e r e n t l e v e l s 

of c o n t r i b u t i o n to c a r e made by i n d i v i d u a l p r i v a t e 

and v o l u n t a r y homes. 

R e c e n t ( 1 9 8 6 ) e n q u i r i e s by t h e p r e s e n t a u t h o r have 

found t h a t , s i n c e t h e 1982 p u b l i c a t i o n t h e C o r n w a l l 

s t u d y has come to a h a l t . A c o n s i d e r a b l e amount of 

development of the model took p l a c e but i t d i d not 

r e a c h t h e s t a g e of b e i n g a c c e p t e d by t h e p l a n n e r s . 
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P r i o r i t i e s changed and t h e budget was c u t so 

t h a t no f u r t h e r development c o u l d t a k e p l a c e -
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CHAPTER 8 

PLANNING FOR CHANGES IN DEMOGRAPHY AND IN RESOURCE A V A I L A B I L I T Y 
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8. P l a n n i n g f o r Changes i n Demography and i n R e s o u r c e A v a i l a b i l i t y 

8.1 I n t r o d u c t i o n 

The two major i n f l u e n c e s on t h e f u t u r e a l l o c a t i o n s o f 

s o c i a l s e r v i c e s a r e t h e a v a i l a b i l i t y o f t h e s e r v i c e 

r e s o u r c e s t h e m s e l v e s , dependent m a i n l y on t h e s i z e o f 

budget a v a i l a b l e t o f i n a n c e t h e s e r e s o u r c e s , and t h e 

needs o f t h e c l i e n t p o p u l a t i o n s . T h e s e needs a r e 

t h e m s e l v e s p r o p o r t i o n a l to t h e s i z e s o f t h e c l i e n t 

p o p u l a t i o n i n the v a r i o u s c l i e n t g r o u p i n g s h a v i n g s i m i l a r 

n e e d s . O t h e r i n f l u e n c e s may be p o l i c y d e c i s i o n s on t h e 

way i n w h i c h t h e budget s h o u l d be s p e n t , f o r example 

i n c r e a s i n g t h e e x p e n d i t u r e on d o m i c i l i a r y s e r v i c e s and 

d e c r e a s i n g t h e e x p e n d i t u r e on i n s t i t u t i o n a l r e s o u r c e s . 

24-
( S e e D.H.S.S. (1981) : R e p o r t o f a Study on Community 

zz 41 
C a r e , D.H.S.S. ( 1 9 8 1 ) : C a r e i n A c t i o n , and Mooney : 

P l a n n i n g f o r B a l a n c e of C a r e o f t h e E l d e r l y ) , o r d e c i s i o n s 

on t h e ways i n w h i c h c l i e n t s s h o u l d be c a r e d f o r . ( S e e 
to 

D.C.C. S o c i a l S e r v i c e s Department P o s i t i o n S t a t e m e n t 

1980 : "When t h e ' i d e a l ' s e r v i c e i s n o t a v a i l a b l e 

a l t e r n a t i v e s a r e u s e d . I t must be, and i s , assumed t h a t 

t h e s e r v i c e s do meet n e e d s , b e c a u s e t h e y a r e n o t r e j e c t e d 

by c l i e n t s . I t i s not assumed t h a t t h e c u r r e n t r ange 

and e x t e n t o f t h e s e r v i c e s p r o v i d e d i s i d e a l " . ) 

T h i s c h a p t e r d i s c u s s e s some o f t h e methods w h i c h c a n be 

u s e d to p l a n f o r t h e s e c h a n g e s . A p p l i c a t i o n s o f t h e 

a u t h o r ' s L i n e a r Programming Model w i t h A l t e r n a t i v e 

P a c k a g e s (L.P.A.M.) ( a s d e s c r i b e d i n C h a p t e r 5) a r e 

shown f o r demographic changes i n t h e C h e s t e r - l e - S t r e e t 

d i s t r i c t , from t h e p o p u l a t i o n a t t h e t i m e of t h e 
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D.U.Q.S. c e n s u s i n 1977 to known changes i n 1979 and 

1983 and to p r o j e c t e d c hanges i n 1987 and 1991. 

Comparisons a r e a l s o made w i t h t h e D.H.S.S./A. A n d e r s e n 

model ( u s i n g t h e s i m p l e p r o p o r t i o n a l r e s o u r c e a l l o c a t i o n 

method SPRAM a s d e s c r i b e d i n S e c t i o n 4 . 4 ) f o r a s m a l l t e s t 

s e t o f d a t a w h i c h i s u s e d on both LPAM and SPRAM models 

to show t h e e f f e c t of changes i n p o p u l a t i o n o n l y , c hanges 

i n r e s o u r c e a v a i l a b i l i t y and changes i n both p o p u l a t i o n 

and r e s o u r c e a v a i l a b i l i t y . 

A d i s c u s s i o n i s th e n g i v e n of t h e u s e o f t h e LPAM model 

as a s i m u l a t i o n r a t h e r t h a n an o p t i m i s i n g model, so a s 

t o a s s e s s r e s o u r c e needs i f p a t t e r n s o f c a r e were main­

t a i n e d f o r f u t u r e c l i e n t p o p u l a t i o n s and to a s s e s s 

r e s o u r c e needs f o r s p e c i f i c a l l o c a t i o n s o f c l i e n t s t o 

modes o f c a r e . 

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

r e l a t i o n t o t h e p l a n n e r s ' u s e o f t h e LPAM model. 
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8.2 Demographic Changes 

I n o r d e r t h a t r e a l i s t i c p o p u l a t i o n f i g u r e s c o u l d be 

u s e d f o r the demographic changes i n t h e C h e s t e r - l e -

S t r e e t d i s t r i c t , the C e n t r a l S t a t i s t i c a l O f f i c e "Annual 

A b s t r a c t of S t a t i s t i c s " 1979-1985 e d i t i o n s and t h e CSO'° 

" R e g i o n a l S t a t i s t i c s " 1979 and 1981 e d i t i o n s t o g e t h e r 

IS, 20. 14 

w i t h t h e Durham County C o u n c i l p u b l i c a t i o n s 

" C o m p u t e r i s e d C l i e n t I n f o r m a t i o n System", " P o s i t i o n 

S t a t e m e n t 1980" and "County Durham i n F i g u r e s " were 

c o n s u l t e d . 

The age s t r u c t u r e w i t h i n w h i c h t h e c l i e n t groups i n t h e 

LPAM model were d e r i v e d was s i m p l y t h e t h r e e ages : 

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

o v e r 6 5 ) . The CSO p u b l i c a t i o n s grouped ages 15 t o 64 

t o g e t h e r so i t was not p o s s i b l e t o d i s t i n g u i s h "Young 

P e r s o n s " from " A d u l t s " . 

The same s t a t i s t i c s were not a v a i l a b l e f o r a l l t h e y e a r s 

b e i n g c o n s i d e r e d so f i g u r e s from t h e R e g i o n a l S t a t i s t i c s 

(1979 and 1981) were u s e d t o p r o v i d e i n d i c a t o r s o f 

p o p u l a t i o n changes i n t h e p e r i o d 1977 t o 1979 and 1977 

t o 1983. Comparison o f t h e R e g i o n a l ( N o r t h ) f i g u r e s 

showed t h e p o p u l a t i o n c h a n g e s to be s l i g h t l y d i f f e r e n t 

from t h o s e i n t h e whole o f t h e U.K., t h e r e b e i n g a 

g r e a t e r d e c l i n e i n t h e numbers o f c h i l d r e n and young 

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

and e l d e r l y p e o p l e . C o n s e q u e n t l y t h e R e g i o n a l f i g u r e s 

were u s e d f o r t h e 1977 t o 1979 c hanges and, s i n c e 

R e g i o n a l f i g u r e s were no t p r o d u c e d f o r l a t e r y e a r s , t h e 

A n nual A b s t r a c t f i g u r e s were a d j u s t e d s l i g h t l y t o 

p r o v i d e t h e 1977 to 1983 c h a n g e s i n l i n e w i t h t h e 
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R e g i o n a l d i f f e r e n c e s n o t e d above. 

The f o l l o w i n g t a b l e shows t h e p o p u l a t i o n c hanges from 

the CSO p u b l i c a t i o n s t o g e t h e r w i t h t h e d a t a u s e d i n 

th e LPAM model: 

T o t a l population (North) 
Age under 14 (North) 
Age 15-64 (North) 
Age 65+ (North) 

% change 
1977-1979 

( R e g i o n a l S t a t i s t i c s ) 
-0.93 
-5.25 
±0.05 
+ 1.85 

% change 
1977-1979 
Model data 

0 
-5 
0 

+2 

la change 
1977-1983 

(Annual A h s t r a c t ) 
(UK) *0.36 
(UK) -8.30 
(UK) 0.67 
(UK) *3.70 

% change 
1977-1983 
Model data 

0 
-10 
+ 3 
+ 3 

P r o j e c t i o n s were then made, u s i n g t h e DCC P o s i t i o n 

S t a t e m e n t 1980 and DCC County Durham i n F i g u r e s 1981, 

f o r t h e changes i n age s t r u c t u r e by 1987 and 1991. The 

f i g u r e s u s e d i n t h e model were a s f o l l o w s : 

% change % change 
Age 1977-1987 1977-1991 
Under 14 -14 -20 
15-64 +10 +15 
65+ +10 +15 
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8.3 Use of t h e LPAM model to p l a n f o r demographic changes 

8.3.1 The LPAM model ( L i n e a r Programming Model 

w i t h A l t e r n a t i v e Modes of C a r e ) 

The LPAM model, as d e s c r i b e d i n C h a p t e r 5, 

i s r e - s t a t e d h e r e f o r e a s e of r e f e r e n c e . 

The model c h o o s e s t h e x , t o : 
l l 

Maximise w., x . „ l l l l 
l 1 

s u b j e c t to u._, < Bk. f o r a l l k; l l i l k v 

l 1 
( i . e . S e r v i c e C o n s t r a i n t s ) 

and 2. x = d i , f o r a l l i 
1 

( i . e . P o p u l a t i o n C o n s t r a i n t s ) 

where = number o f c l i e n t s i n group i 

a l l o c a t e d mode 1 o f c a r e , 

= w e i g h t i n g g i v e n t o c a r e by mode 

1 i n group i (jind S 2. w = 1 . o), 
i 1 

u.,, = amount of s e r v i c e k i n c l i e n t -l l k 

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

mode 1 o f group i , 

B, * t o t a l a v a i l a b l e amount o f k 

s e r v i c e k i n c l i e n t - u n i t s , 

and d^ = number o f c l i e n t s i n group i . 

A l l r u n s of t h e LPAM model were done u s i n g t h e 
ll 

IBM MPSX m a t h e m a t i c a l programming pa c k a g e . 

8.3.2 U s i n g t h e LPAM model w i t h p o p u l a t i o n changes i n 

C h e s t e r - l e - S t r e e t 

The f u t u r e changes i n c l i e n t p o p u l a t i o n need 
/ 

to be d e s c r i b e d by a new s e t d. f o r t h e 
1 

e x p e c t e d f u t u r e s i z e o f e a c h c l i e n t group i . 
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I f t h e r e s o u r c e a v a i l a b i l i t y r e m a i n s unchanged, 

t h e n the LPAM model i s the same as s t a t e d i n 

S e c t i o n 8.3.1 above, e x c e p t t h a t the bounds of 

t h e population c o n s t r a i n t s a r e changed from d to 
i 

1 

Figure 8.3.2.1 shows the o r i g i n a l (1977) group 

s i z e s d i , t h e new s i z e s d i ' f o r 1979, 1983, 1987 

and 1991 ( c a l c u l a t e d from the population changes 

dis c u s s e d i n Section 8.2) and the r e s u l t i n g 

choice of numbers of c l i e n t s to be a l l o c a t e d to 

each mode of care w i t h i n each c l i e n t group i n 

C h e s t e r - l e - S t r e e t d i s t r i c t . The i n i t i a l 

a l l o c a t i o n i s shown for comparison. 

I t can be seen that the a l l o c a t i o n s to modes of 

care do not change a great deal but that when a 

group i n c r e a s e s i n s i z e a d d i t i o n a l modes of 

care may be brought into use. Conversely, when 

a c l i e n t group decreases i n s i z e the p r e f e r r e d 

mode can be used to care for a proportionately 

greater number of the group. 
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Figure 8.3.2.1 A l l o c a t i o n s of Modes of Care for C h e s t e r - l e - S t r e e t 
d i s t r i c t i n i t i a l l y (1977) and pr o j e c t e d for 1979, 
1983, 1987, 1991 

N,B, P r o j e c t i o n s a r e b a s e d on p o p u l a t i o n changes as f o l l o w s 

Groups 1979 1983 1987 1991 

1-8, 18-34 Adult 0 +3% +10% +15% 
9-17 E l d e r l y +2% +3% +10% +15% 
35-45 Ch i l d r e n and -5% -10% -14% -20% 

Young Persons 

i s a l l o c a t i o n to mode I of group i 

Group 
i 

S i z e 
d i 

1977 1979 1983 1987 1991 Group 
i 

S i z e 
d i 

I x u 1 xi£ I x . £ 

1 1 7 1.0 7 1.0 7 1.0 7 1.0 7 1.0 

2 3 4 2.6 
5 5.3 
7 0.03 

4 2.6 
5 5.1 
7 0.3 

4 1.7 
5 4.9 
7 1.4 

4 1.3 

7 7.7 

4 1.1 

7 7.9 

3 23 2 18.8 
8 4.2 

2 18.8 
8 4.2 

2 18.7 
8 5.3 

2 18.6 
8 5.4 
9 1.0 

2 19.6 
4 2.0 
8 4.4 

4 13 3 1.0 
9 12.0 

5 1.0 
9 12.0 

5 1.2 
9 11.8 

5 2.6 
9 11.4 

5 4.0 
9 11.0 

6 6 1 6.0 1 6.0 4 6.0 4 7.0 4 7.0 

8 23 7 23.0 7 23.0 7 24.0 7 25.0 7 27.0 

9 3 6 3.0 6 3.0 6 3.0 6 3.0 6 1.9 
10 1.1 

10 5 4 5.0 4 5.0 4 5.0 4 6.0 4 6.0 

11 3 1 0.4 
3 2.6 

3 3.0 3 1.4 
10 1.6 

7 3.0 9 3.0 

12 4 3 4.0 3 3.6 
8 0.4 

3 2.6 
8 1.4 

3 4.0 3 5.0 
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Figure 8.3.2.1 A l l o c a t i o n s of Modes of Care for C h e s t e r - l e - S t r e e t 
(continued) d i s t r i c t i n i t i a l l y (1977) and projected for 1979, 

1983, 1987, 1991 

Group 
i 

S i z e 
di 

1977 1979 1983 1987 1991 Group 
i 

S i z e 
di 

1 xi£ 
0 v 

~i£ 1 X U * Ai£ 1 x i A 

14 5 2 5.0 2 4.5 
3 0.5 

2 4.0 
3 1.0 

2 6.0 2 6.0 

16 21 2 21.0 2 22.0 2 22.0 2 23.0 2 24.0 

17 16 9 16.0 9 16.0 9 17.0 2 1.8 
9 16.2 

2 1.0 
9 17.0 

18 56 2 20.8 
4 2.1 
5 28.3 
7 4.9 

2 16.2 
4 3.0 
5 28.3 
7 8.6 

2 18.4 
4 2.6 
5 28.3 
7 8.8 

2 32.1 
4 0.2 
5 26.7 
7 1.9 
9 1.2 

2 33.8 
4 0.7 
5 19.1 
7 3.3 
9 7.2 

20 10 1 10.0 1 10.0 1 10.0 1 10.3 
7 0.7 

1 12.0 

21 1 9 1.0 9 1.0 9 1.0 9 1.0 9 1.0 

23 58 3 58.0 3 58.0 3 60.0 3 64.0 3 67.0 

25 7 8 5.6 
9 1.4 

8 2.5 
9 4.5 9 7.0 

1 1.4 
9 6.6 9 8.0 

28 13 2 13.0 2 13.0 2 13.0 2 14.0 2 15.0 

29 49 3 49.0 3 49.0 3 51.0 3 54.0 3 52.7 
7 3.3 

30 46 4 46.0 4 46.0 4 47.0 1 3.5 
4 47.5 

1 6.0 
4 44.9 
7 2.1 

31 32 6 32.0 6 32.0 6 33.0 6 35.0 6 37.0 

34 52 1 52.0 1 52.0 1 54.0 1 57.0 1 60.0 
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Figure 8.3.2.1 A l l o c a t i o n s of Modes of Care for C h e s t e r - l e - S t r e e t 
(continued) d i s t r i c t i n i t i a l l y (1977) and pr o j e c t e d for 1979, 

1983, 1987, 1991 

Group 
i 

S i z e 
di 

1977 1979 1983 1987 1991 
Group 

i 
S i z e 
di 1 x u 1 xi£ I xi£ 1 X U 

35 4 2 4.0 4 4.0 7 4.0 4 4.0 4 3.0 

36 6 1 6.0 1 6.0 1 5.0 1 5.0 1 5.0 

37 5 7 3.3 
10 1.7 

7 5.0 7 5.0 1 4.0 1 4.0 

38 4 1 0.2 
3 2.8 
6 1.0 

1 2.0 
3 1.0 
6 1.0 

1 3.98 

6 0.02 

1 3.0 1 3.0 

39 19 3 4.1 
6 14.9 

3 0.5 
6 17.5 6 17.0 6 16.0 6 15.0 

40 10 3 10.0 3 9.0 2 2.3 
3 6.7 

2 5.3 
3 3.7 

2 8.0 

41 8 10 8.0 10 8.0 10 7.0 10 7.0 10 6.0 

42 27 6 5.8 
8 21.2 

6 8.7 
8 17.3 

6 13.5 
8 10.5 

6 13.8 
8 9.2 

4 1.9 
6 14.2 
8 6.0 

43 81 3 74.0 
7 3.4 
9 3.6 

3 74.0 
9 3.0 

3 73.0 3 70.0 3 65.0 

44 65 5 38.0 
8 27.0 

5 39.1 
8 22.9 

5 38.6 
8 20.4 

5 36.9 
8 19.1 

5 32.6 
8 19.4 

45 46 2 18.8 
7 27.2 

2 16.8 
7 27.2 

2 13.7 
7 27.3 

2 11.1 
7 27.9 

2 8.2 
7 28.8 
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8.4 R e s o u r c e s needed : use of the LPAM model f o r C h e s t e r - l e - S t r e e t 

I t has been shown above t h a t a l l o c a t i o n s to modes of 

C<*JT£ ti.r£ a l t c i c u i f t h s c l i e n t popxixatiori changes out 

r e s o u r c e s a r e unchanged. I t may be h e l p f u l t o t h e 

p l a n n e r s to know what r e s o u r c e s would be needed t o c a r e 

f o r the new c l i e n t population i f e x i s t i n g p a t t e r n s of 

care were to be maintained. This has been done f o r the 

C h e s t e r - l e - S t r e e t d i s t r i c t by entering as data a new 

s e t x., of a l l o c a t i o n s of c l i e n t s to modes of c a r e w h i c h l l 

was derived as follow s : 

I f , i n the i n i t i a l a l l o c a t i o n s , a group i had m̂  modes 

of care a l l o c a t e d to c l i e n t s i n that group, then the 

new s e t of a l l o c a t i o n s would r e f l e c t the population 

change from di to d±/ by i n c r e a s i n g or decreasing the 

a l l o c a t i o n to each mode of care used by the group i n 

the same amounts. 

Thus 

new old / x.„ = x., + ( d i - d i ) f o r each mode of l l l l m̂  care used 

e.g. I f a c l i e n t group i n c r e a s e d by 12 c l i e n t s and 

there had been 3 modes of care used f o r that group, 

the a l l o c a t i o n to each mode would be increased by 4 

c l i e n t s . 

As w e l l as f i x i n g the a l l o c a t i o n s to each mode of care, 

i t i s necessary to permit the s e r v i c e c a p a c i t i e s to 

expand as necessary for the new c l i e n t population. 

Th i s i s done by s p e c i f y i n g the s e r v i c e c o n s t r a i n t s as 

unbounded and simply monitoring the required s i z e of 

each s e r v i c e . 
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The LPAM model i s thus b e i n g u s e d as a s i m u l a t i o n 

model r a t h e r than an o p t i m i s i n g model. T h i s use i s 

d i s c u s s e d f u r t h e r i n S e c t i o n 8.9 where o t h e r p o s s i b l e 

a p p r o a c h e s a r e g i v e n t o t h e s p e c i f i c a t i o n of t h e new 

a l l o c a t i o n s to modes of c a r e . 

Figure 8.4.1 shows the e f f e c t on resources needed i f 

the future population p r o j e c t e d for C h e s t e r - l e - S t r e e t 

d i s t r i c t were to be c a r e d f o r i n the same modes of c a r e 

as i n the i n i t i a l a l l o c a t i o n s , proportionately i n c r e a s e d 

or decreased as described above. For each s e r v i c e , the 

resource i s measured i n c l i e n t - u n i t s and the i n i t i a l 

(1977) amount i s shown together with the pro j e c t e d 

requirements for 1979, 1983, 1987 and 1991, based on 

the population changes described i n Section 8.2 above. 

These population changes were included as data i n the 

model, each run having i t s data ( a l l o c a t i o n s to modes of 

care) c a l c u l a t e d by using the expression already 

described, i . e . 

new old . ,./ ,., „ x., = x., + ( d i - d i ) for each mode of care 
i l i l . . 

mj used i n group l . 

These data values are shown i n Figure 8.4.2 f o r the 

i n i t i a l (1977) a l l o c a t i o n s and the projected a l l o c a t i o n s 

in 1979, 1983, 1987 and 1991. 

Figure 8.4.3 shows a graph of the r e s u l t a n t e f f e c t for 

those s e r v i c e s having a n o t i c e a b l e change of requirements. 

I t i s c l e a r that the LPAM model can r e a d i l y be used as a 

si m u l a t i o n model i n t h i s way. Se c t i o n 8.9 de s c r i b e s 

a l t e r n a t i v e approaches to the s p e c i f i c a t i o n of data for 

such a model. 
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Figure 8.4.1 E f f e c t on S e r v i c e Resources i n C h e s t e r - l e - S t r e e t 
d i s t r i c t i n i t i a l l y (1977) and projected f o r 1979, 1983, 
1987, 1991 

The tab l e shows the s e r v i c e resources i n c l i e n t - u n i t s required for 
each s e r v i c e k, for the pr o j e c t e d population changes. 

I n i t i a l 

1977 1979 
Pr o j e c t e d 
1983 1987 1991 

k = 1 112 111.9 114.8 121.7 125.8 
2 12.5 12.2 11.8 11.9 11.7 
3 39 38.5 39.2 40.7 41.4 
4 288 283.2 282.7 289.2 288.9 
5 111 109.2 107.3 110.3 110.8 

6 173 169.3 166.1 167.7 168.3 
7 0 0 0 0 0 
8 0.4 0.4 0.4 0.6 0.7 
11 0 0 0 0 0 
12 3.3 3.3 3.5 4.0 4.2 

14 13 13.2 13.5 14.6 14.9 
15 25 25 25.7 26.5 27.2 
16 0 0 0 0 0 
17 42 42.2 43.5 47.0 47.6 
18 12.1 12.1 12.4 13.9 14.0 

19 1.4 1.4 1.5 1.6 1.7 
20 39.6 39.5 39.9 41.7 42.5 
21 1.4 1.4 1.4 1.6 1.7 
22 3.6 3.6 3.6 4.0 4.0 
23 50.3 50.2 51.1 53.5 54.6 

24 3 3 3.1 3.4 3.5 
25 13 13 13.4 13.7 14.1 
26 24 24 25.0 25.6 26.6 

27 23 22.7 22.5 22.9 23.4 
28 5 5 5 4.6 5.6 
38 0 0 0 0 0 
42 0.1 0.1 0.1 0 0 
43 6 6 6.5 7.3 7.7 

44 38 38.1 39.2 41.8 43.0 
49 2 2 2.1 2.1 2.2 
56 0 0 0 0 0 
62 33.1 33.0 33.9 36.2 37.2 
70 77 74.8 72.4 70.5 65.4 

71 18.8 18.0 16.1 15.0 13.5 
72 94.1 89.6 84.7 82.1 76.4 
73 90 86.5 82.4 80.5 77.7 
74 0 0 0 0 0 
75 3.2 3.0 2.9 2.8 2.6 
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Figure 8.4.1 E f f e c t on S e r v i c e Resources i n C h e s t e r - l e - S t r e e t 
d i s t r i c t i n i t i a l l y (1977) and p r o j e c t e d for 1979, 1983, (continued) 
1987, 1991 

I n i t i a l 
1977 1979 

Project e d 
1983 1987 1991 

k = 76 9 8.9 8.7 8.5 7.9 
79 8.2 7.5 7.4 7.3 6.6 
83 0 0 0 0 0 
84 23.4 21.6 18.7 16.9 15.2 
88 12 11.6 11.0 10.5 10.0 

90 5.5 5.3 5.0 4.8 4.6 
91 11 10.7 10.2 9.9 9.4 
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Pi gure 3.4.2. Data f o r c l i e n t population i n C h e s t e r - l e - S t r e e t d i s t r i c t 
a l l o c a t e d to modes (1977) and changes in group s i z e s and 
mode a l l o c a t i o n s p r o j e c t e d f o r 1979, 1983, 1987, 1991 

G rou p 1 Mode 1977 1979 1983 1987 1991 
i I 

d i xil d . ± i x i f* — 
~~ d i " d i " 

1 7 1 1 
2 4 8 2.6 + 1 +0.3 + 1 +0.3 

5 3.3 +0.3 +0.3 
7 0 . 03 -0.3 +0.3 

3 2 23 18 . 8 + 1 +0 .5 + 2 + 1 + 3 -1. 5 
8 4.2 ! +0 . 5 + 1 + 1. 5 

4 3 13 1.02 + 1 +0 . 5 + 2 + 1 
9 +0.5 + 1 

6 1 6 6 + 1 + 1 + 1 + 1 
8 7 23 23 + 1 +1 + 2 +2 +4 +4 
9 6 3 3 
"lO 4 5 5 + 1 +1 + 1 + 1 
11 1 3 0.4 

3 2.6 
12 3 4 4 + 1 + 1 
14 2 5 5 + 1 + 1 +1 + 1 
16 2 21 21 +1 + 1 +1 +1 +2 +2 +3 +3 
17 9 16 16 +1 + 1 +2 +2 +2 +2 
18 2 56 20.8 +2 -t-0 ,5 +6 +1.5 +8 +2 

4 2.1 +0 .5 +1.5 +2 
5 28.3 +0 .5 +1.5 +2 
7 4.9 +0 .5 +1.5 +2 

20 1 10 10 + 1 +1 +2 +2 
21 9 1 1 
23 3 58 58 +2 +2 +6 +6 +9 +9 
25 8 7 5.6 +1 +0. 5 + 1 +0.5 

9 1.4 +0.5 +0.5 
28 2 13 13 + 1 +1 + 2 +2 
29 3 49 49 +2 +2 + 5 +5 + 7 +7 
30 4 46 46 +1 + 1 + 5 +5- +7 +7 
31 6 32 32 +1 + 1 + 3 +3 +5 +5 
34 1 52 52 +2 +2 + 5 +5 +8 +8 
35 2 4 4 -1 -1 
36 1 6 6 -1 -1 -1 -1 -1 -1 
37 7 5 3.3 -1 -0.5 -1 -0.5 

i 10 1.7 -0.5 -0.5 
38 1 4 0 . 2 -1 -0.2 -1 -0.2 

3 2.8 -0 . 4 -0.4 
6 1.0 -0.4 -0.4 

39 3 19 4.1 -1 -0.5 -2 -1 -3 -1.5 -4 -2 
6 14.9 -0.5 -1 -1.5 _2 

40 3 10 10 -1 -1 -1 -1 -1 -1 -2 -2 
41 10 8 8 -1 -1 -1 -1 -2 _ 9 

42 6 27 5.8 -1 -0.5 -3 -1 . 5 -4 -2 -5 -2.5 
8 21.2 -0.5 -1 . 5 -2 -2.5 

43 3 81 74.0 -4 -1.3 -8 -2 . 7 -11 -4.0 -16 -9 
7 3.4 -1.3 _ 2 . 7 -3 . 4 -3.4 
9 3.6 -1.3 -2 . 7 -3.6 -3.6 

44 5 65 38.0 -3 -1.5 -6 -3 -9 -4.5 -13 -6.5 
8 27 .0 -1.5 -3 -4 . 5 -6.5 

45 O 46 18.8 _ 2 -1 -5 _ 2 . 5 -7 -3 . 5 -9 -4 . 5 
7 27 .2 -1 -2 . 5 -3.5 -4 . 5 
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8.5 Comparisons between the LPAM and SPRAM models 

The previous s e c t i o n s have demonstrated the use of the 

LPAM model for planning purposes but i t i s appropriate 

to make comparisons between the LPAM model and other 

models. For d e t a i l e d comparison the D.H.S.S./A. Andersen 

SPRAM (Simple proportional resource a l l o c a t i o n method) 

model has been used as i t represents the present 

e v o l u t i o n of the Balance of Care model. 

A small t e s t s e t of data was cre a t e d i n order to 

i l l u s t r a t e the use of the two models. Figure 8.5.1 

shows t h i s data and the x ^ values chosen by the LPAM 

model f o r the i n i t i a l ( i . e . " c u r r e n t " ) numbers of 

c l i e n t s and amounts of re s o u r c e s . 

The following Sections (8.6 - 8.8) des c r i b e the ways 

i n which the LPAM model can be used by the planners to 

suggest a l t e r n a t i v e ways of c a r i n g f o r c l i e n t s when 

there are future changes i n resource a v a i l a b i l i t y , 

changes i n c l i e n t population or changes of both these 

types. I n each case, a comparison i s made with the 

SPRAM model i n respect of both the method used and the 

r e s u l t s obtained. Appendix 13 d e t a i l s the c a l c u l a t i o n s 

performed using the SPRAM model for future changes i n 

both resources and population s i z e ; c a l c u l a t i o n s i n 

resp e c t of the separate changes were performed i n a 

s i m i l a r manner. 

Se c t i o n 8.9 d i s c u s s e s the ways i n which the LPAM model 

can be used as a si m u l a t i o n model to a s s i s t planners 

to explore intermediate a l l o c a t i o n s between the cu r r e n t 
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s i t u a t i o n and the LPAM model's optimum a l l o c a t i o n s ; or 

to a s s e s s the resources needed i f patterns of care 

were to remain unchanged although the c l i e n t population 

changed i n s i z e . 
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Figure 8.J.1 S n a i l Teat Set ot Data 

C l i e n t Group, 1 1 Z 3 

Group s i z e ( c u r r e n t ) 40 35 30 Service 

Group a l z e ( f u t u r e ) 44 38 27 anoun 19 

Mode of care, 1 1 2 3 1 2 3 1 2 3 B k 
S e r v i c e s used k = 1 1 0.5 0 0 0 0 0.3 0.3 0 27 26 

per c l i e n t k - 2 0 1 1 1 1 0 1 0 73 69 

In mode 1 of k = 3 0 0 I . 5333 1 I 0.5 0.5 0.5 55 52 

group i , I . e . k = 4 0 0 1 . 5333 .6667 1 0 1 0.5 51 49 
" i n . 

Weighting » .0680 .1019 . 1748 .1505 .1553 .0777 .0874 .0874 .0971 

"Dominant'•resource 1 1 2 2 2 3 1 1 2 

A l l o c a t i o n x ^ 21 0 19 30 0 5 14 S 10 

current amount of s e r v i c e k 

future amount of s e r v i c e k 

subject to resource c o n s t r a i n t s : 

*11 * - 3 *12 

X12 * *13 + 

X13 + 

* U 

and group s i z e c o n s t r a i n t s : 

*11 * *12 * * 1 J 

*21 

.3333 x * 

"22 

22 

.6667 x 22 * 

31 

'31 73 

53 

40 

35 
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8.6 Changes i n R e s o u r c e A v a i l a b i l i t y 

Any future changes i n r e s o u r c e a v a i l a b i l i t y a r e d e f i n e d 

by a new s e t r e p r e s e n t i n g t h e expected t o t a l 

a v a i l a b l e amount of e a c h s e r v i c e k. 

I f there a r e no other changes then the LPAM model 

remains unchanged, with only the bounds of the s e r v i c e 

c o n s t r a i n t s changing from B, t o B' . The model then 
k k 

produces a new s e t , x , of a l l o c a t i o n s of c l i e n t s 

to modes of care. 

Figure 8.6.1 shows the new set of a l l o c a t i o n s produced 

by the LPAM model for the t e s t data of Figure 8.5.1 

when the s e r v i c e amounts are reduced by approximately 

5%. The a l l o c a t i o n s of s e r v i c e s are shown as w e l l as 

the a l l o c a t i o n s of c l i e n t s to modes of care . These 

s e r v i c e a l l o c a t i o n s were obtained by m u l t i p l y i n g the 

c l i e n t numbers i n each mode by the s e r v i c e a l l o c a t i o n s 

per c l i e n t for that mode of care ( i . e . by the corresponding 

i l k 

The same change i n s e r v i c e amounts, when used with the 

SPRAM model, r e s u l t s i n a d i f f e r e n t set of a l l o c a t i o n s 

and these are al s o shown i n Figure 8.6.1, together with 

the o r i g i n a l a l l o c a t i o n s . 

The two models perform the a l l o c a t i o n s d i f f e r e n t l y : 

LPAM a l l o c a t i n g c l i e n t s to modes of care which have 

f i x e d packages of resources and SPSAM a l l o c a t i n g resources 

f i r s t l y to c l i e n t groups, then to d i f f e r e n t modes 

according to the change i n the "dominant" resource for 

each mode. 
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F i g u r e 8.6.2 shows a c o m p a r i s o n of the s e r v i c e p r o f i l e s 

f o r e a c h c l i e n t group and f o r e a c h mode of c a r e . The 

" s e r v i c e p r o f i l e s " r e p r e s e n t t h e amounts of e a c h s e r v i c e 

measured i n c l i e n t - u n i t s , a l l o c a t e d t o each c l i e n t group 

or mode of c a r e . The f i g u r e shows t h e s e r v i c e p r o f i l e s 

of e a c h c l i e n t group and mode o f c a r e f o r t h e o r i g i n a l 

data t o g e t h e r w i t h t h e new p r o f i l e s produced by t h e 

SPRAM and LPAM models when the r e s o u r c e a v a i l a b i l i t y i s 

changed. The p r o f i l e s a r e shown f o r e a c h c l i e n t group 

(where t h e t o t a l amount of the resource a l l o c a t e d to 

a l l three modes i n the group i s accumulated) and for 

each separate mode of care. 

I t i s apparent that the SPRAM model does indeed r e t a i n 

a s i m i l a r s e r v i c e p r o f i l e to the o r i g i n a l p r o f i l e i n 

each case, yet there are d i s c r e p a n c i e s such as when 

the number of c l i e n t u n i t s of two resources a l l o c a t e d 

to a group are the same i n the o r i g i n a l data, they may 

not remain e x a c t l y the same as one another i n the SPRAM 

new p r o f i l e . This i s the case for s e r v i c e s 3 and 4 

a l l o c a t e d to groups 1 and 2 and i s a consequence of the 

d i f f e r e n t changes i n the t o t a l amounts of the two 

s e r v i c e s . 

The LPAM model diverges considerably from both the 

o r i g i n a l a l l o c a t i o n and the SPRAM a l l o c a t i o n . Although 

the LPAM s e r v i c e p r o f i l e per c l i e n t i n a given mode of 

care remains f i x e d , the number of c l i e n t s a l l o c a t e d to 

a mode i s changed so that the a l l o c a t i o n of resources 

i s quite d i f f e r e n t from the SPRAM choice. This i s 

because the a l t e r n a t i v e modes of care are s e l e c t e d 
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a c c o r d i n g t o w e i g h t i n g p r i o r i t i e s and a c c o r d i n g t o 

the resources a v a i l a b l e . Reduction i n a re s o u r c e may 

mean t h a t fewer c l i e n t s can be a l l o c a t e d t o a p a r t i c u l a r 

mode of c a r e , but the LPAM o p t i m i s i n g procedure w i l l 

choose an a l t e r n a t i v e mode o f care w i t h due r e f e r e n c e 

t o t he w e i g h t i n g s a t t a c h e d t o each mode f o r each c l i e n t 

group. Thus the LPAM model o f f e r s the p l a n n e r s r a d i c a l 

a l t e r n a t i v e s i n the ways whereby resources can be 

a l l o c a t e d , whereas t h e SPRAM model i s very c o n s e r v a t i v e , 

simply reducing resources by small amounts across a l l 

groups and modes of care . 

13 „ 

I t was suggested (Coles ) that f a r from making 

'across the board' c u t s , ( S o c i a l S e r v i c e s ) Departments 

consider very s e l e c t i v e but major reductions i n 

i n d i v i d u a l s e r v i c e s " and t h i s leads the author to 

be l i e v e that the LPAM model may be a u s e f u l t o o l i n 

the way that i t can suggest to the planners a l t e r n a t i v e 

yet acceptable ways of a l l o c a t i n g s e r v i c e s . The LPAM 

model may recommend a p a r t i c u l a r a l l o c a t i o n of c l i e n t s 

to modes of care which i s considerably d i f f e r e n t from 

current a l l o c a t i o n s yet which makes use of reduced 

amounts of res o u r c e s . 
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Figure 8.6.2 Comparison of LP AM and SPRAM models, 
when future resources change 
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Figure 8.6.2 
(Continued) 

Comparison of LPAM and SPRAM models, 
when future resources change 
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8.7 Demographic Changes i n C l i e n t P o p u l a t i o n 

Any f u t u r e changes i n c l i e n t p o p u l a t i o n are d e s c r i b e d 

j y a. new set u. xor Lne expected l u t u r e s i z e o i each 

c l i e n t group i . 

I f t h e r e are no o t h e r changes and i n p a r t i c u l a r i f t h e 

resource a v a i l a b i l i t y remains unchanged, then t he LPAM 

model i t s e l f remains unchanged, w i t h o n l y t he bounds of 

the p o p u l a t i o n c o n s t r a i n t s changing from d t o d' . The 
1 1 

model then produces a new se t x ' of a l l o c a t i o n s o f 

c l i e n t s to modes o f care. Once a g a i n , s i n c e t h e a l t e r n a t i v e 

modes of care are s e l e c t e d according to weighting p r i o r i t i e s 

and according to the resources a v a i l a b l e , the optimising 

procedure w i l l choose a l t e r n a t i v e modes o f care f o r the 

c l i e n t s i n a p a r t i c u l a r group so that i f a group s i z e 

were to i n c r e a s e , some c l i e n t s could be a l l o c a t e d to 

d i f f e r e n t modes of care from those modes already i n use, 

and i f a group s i z e were to decrease, fewer c l i e n t s could 

be a l l o c a t e d to a p a r t i c u l a r mode of care. 

F i g u r e 8.7.1 shows the new s e t of a l l o c a t i o n s produced 

by the LPAM model for the t e s t data of Figure 8.5.1 when 

the c l i e n t population i s incr e a s e d by about 10% i n two 

of the c l i e n t groups (1 and 2) and decreased by 10% i n 

c l i e n t group 3. The r e s u l t s are presented i n the same 

form as those in Figure 8.6.1 (which showed changes i n 

resource a v a i l a b i l i t y ) . 

The same changes in c l i e n t population, when used with 

the SPRAM model, r e s u l t i n a d i f f e r e n t s e t of a l l o c a t i o n s 

and these are also shown i n Figure 8.7.1, together with 

the o r i g i n a l a l l o c a t i o n s . 
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Once again, the two models perform the a l l o c a t i o n s 

d i f f e r e n t l y : LPAM a l l o c a t i n g c l i e n t s to modes of care 

which have f i x e d packages of resources and SPRAM 

a l l o c a t i n g resources f i r s t l y to c l i e n t groups, then to 

d i f f e r e n t modes according to the change i n the "dominant" 

resource for each mode. 

Figure 8.7.2 shows a comparison of the s e r v i c e p r o f i l e s 

f o r each c l i e n t group and for each mode of care, s i m i l a r 

to the comparisons of s e r v i c e p r o f i l e s for changes i n 

resource a v a i l a b i l i t y which were shown i n Figure 8.6.2. 

The s e r v i c e p r o f i l e s represent the amounts of each 

s e r v i c e , measured i n c l i e n t - u n i t s , a l l o c a t e d to each 

c l i e n t group or mode of care. The f i g u r e shows the 

s e r v i c e p r o f i l e s of each c l i e n t group and mode of care 

for the o r i g i n a l data together with the new p r o f i l e s 

produced by the SPRAM and LPAM models when the c l i e n t 

population i s changed. 

I t i s apparent that the SPRAM model again r e t a i n s a 

f a i r l y s i m i l a r s e r v i c e p r o f i l e to the o r i g i n a l p r o f i l e 

i n each case, with the amount of resource a l l o c a t e d to 

each c l i e n t group or mode i n c r e a s i n g or decreasing i n 

accordance with the i n c r e a s e or decrease i n group s i z e 

and i n accordance with the resource a v a i l a b i l i t y . 

The LPAM model again diverges considerably from both 

the o r i g i n a l a l l o c a t i o n and the SPRAM a l l o c a t i o n . 

Where a c l i e n t group decreases i n s i z e , p r o p o r t i o n a t e l y 

more c l i e n t s may be a l l o c a t e d to a p r e f e r r e d mode of 

care because of the consequent reduction i n resource 

requirements of the o r i g i n a l a l l o c a t i o n . T h i s i s 
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evident i n group 3 where only 10 c l i e n t s were o r i g i n a l l y 

a l l o c a t e d to mode 3, which had the highest weighting, 

but the LPAM model a l l o c a t e s 19 c l i e n t s to t h i s mode 

when the group s i z e decreases from 30 to 27. 

Conversely, where a c l i e n t group i n c r e a s e s i n s i z e , 

fewer c l i e n t s may be a l l o c a t e d to a p r e f e r r e d mode of 

care because of the consequent i n c r e a s e i n resource 

requirement of the o r i g i n a l a l l o c a t i o n . T h i s i s evident 

in group 1 where 19 c l i e n t s were o r i g i n a l l y a l l o c a t e d to 

the p r e f e r r e d mode 3 but the LPAM model a l l o c a t e s only 

13 c l i e n t s to t h i s mode, shari n g the remaining c l i e n t s 

of t h i s group between the other two modes of care . 

The LPABJ model thus encourages the planners to consider 

quite d i f f e r e n t a l l o c a t i o n s of c l i e n t s to modes of care 

than the o r i g i n a l a l l o c a t i o n s , w h i l s t s t i l l using the 

same amounts of resources. 
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Figure 8.7.2 Comparison of LPAM and SPRAM models, 
when future populations change 
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Figure 8.7.2 
(Continued) 

Comparison of LPAM and SPRAM models, 
when future populations change 
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8.8 Changes i n both Resource A v a i l a b i l i t y and C l i e n t P o p u l a t i o n 

As b e f o r e , f u t u r e changes i n resource a v a i l a b i l i t y are 

d e f i n e d by a new set Bk' and f u t u r e changes i n c l i e n t 

p o p u l a t i o n are d e s c r i b e d by a new set d i . 

The LPAM model i t s e l f remains unchanged, o n l y t h e bounds 

of the s e r v i c e and p o p u l a t i o n c o n s t r a i n t s being a l t e r e d . 

The model then produces a new s e t x/, of a l l o c a t i o n s of 
l l 

c l i e n t s t o modes of care w i t h i n t he new c o n s t r a i n t s . 

F i g u r e 8.8.1 shows the new set of a l l o c a t i o n s produced 

by the LPAM model for the t e s t data of Figure 8.5.1 when 

the resource a v a i l a b i l i t y i s reduced by approximately 5% 

across a l l s e r v i c e s and the c l i e n t population i s inc r e a s e d 

by about 10% i n c l i e n t groups 1 and 2 and decreased by 

10% i n c l i e n t group 3. 

The same changes i n resource a v a i l a b i l i t y and c l i e n t 

population, when used with the SPRAM model, r e s u l t i n 

a d i f f e r e n t s e t of a l l o c a t i o n s and these are a l s o shown 

i n Figure 8.8.1, together with the o r i g i n a l a l l o c a t i o n s . 

F i g u r e 8.8.2 shows a comparison of the s e r v i c e p r o f i l e s 

f o r each c l i e n t group and for each mode of care f o r the 

o r i g i n a l data with the new s e r v i c e p r o f i l e s produced by 

the SPRAM and LPAM models when there are future changes 

i n both the resource a v a i l a b i l i t y and the c l i e n t population. 

Although the SPRAM model a l l o c a t i o n s d i f f e r s l i g h t l y more 

in t h i s case from the o r i g i n a l a l l o c a t i o n s , the r e l a t i v e 

proportions of s e r v i c e a l l o c a t i o n s to c l i e n t groups and 

modes remain s i m i l a r , thus i l l u s t r a t i n g once again the 

SPRAM assumptions t h a t : 
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" f i e l d - w o r k e r s ' behaviour i s such that , i f 
populations of s e t s of c l i e n t s remain the 
same but resource l e v e l s change, they give 
a constant proportion of each resource to 
each s e t of c l i e n t s . 
I f , a d d i t i o n a l l y , populations change then 
these proportions (of resources) are s c a l e d 
correspondingly In response to the population 
p r e s s u r e s " (DHSSIh) 

The LPAM model again diverges considerably from both 

the o r i g i n a l a l l o c a t i o n and the SPRAM a l l o c a t i o n . 

S i m i l a r i t i e s are apparent, however, between the LPAM 

a l l o c a t i o n s for the three types of changes i l l u s t r a t e d 

i n F i g u r e s 8.6.1, 8.7.1 and 8.8.1 or Figures 8.6.2, 

8.7.2 and 8.8.2, which show gradual changes i n the 

a l l o c a t i o n s as f i r s t l y the resources change (Fi g u r e s 

8.6.1, 8.6.2), secondly the populations change ( F i g u r e s 

8.7.1, 8.7.2) and f i n a l l y both types of changes take 

place ( F i g u r e s 8.8.1 and 8.8.2). 

I t i s c l e a r once again that the LPAM model could be used 

by the planners to suggest quite r a d i c a l changes i n 

a l l o c a t i o n s from c u r r e n t a l l o c a t i o n s and to show that 

such changes are f e a s i b l e w i t h i n the s t a t e d resource 

c o n s t r a i n t s and demographic changes. The movement of 

c l i e n t s between a l t e r n a t i v e modes of care would not be 

expected to take place i n s t a n t l y but the planners would 

be able to see that such movements over the longer term 

would meet c l i e n t needs at an acceptable l e v e l (the 

modes being true a l t e r n a t i v e s ) w i t h i n given r e s o u r c e s . 

I t i s thought that planners would wish to explore 

intermediate p o s s i b i l i t i e s , i . e . a l l o c a t i o n s of c l i e n t s 

to modes somewhere between the cur r e n t a l l o c a t i o n s and 

the model's suggested a l l o c a t i o n s . T h i s could be done 
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by using the LPAM model as a simulation model r a t h e r 

than as an optimising model. This and other uses of 

LPAM as a simulation model are disc u s s e d i n the next 

s e c t i o n . 
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Figure 8.8.2 Comparison of LPAM and SPRAM models, 
when future resources and populations both change 
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Figure 8.8.2 
(Continued) 

Comparison of LPAM and SPRAM models, 
when future resources and populations both change 
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8.9 Use o f t h e LPAM M o d e l as a S i m u l a t i o n M o d e l 

8.9.1 I n t r o d u c t i o n 

I n S e c t i o n 8.4 a d e s c r i p t i o n was g i v e n o f t h e 

use o f t h e LPAM m o d e l as a s i m u l a t i o n m o d e l t o 

a s s e s s t h e r e s o u r c e needs i n C h e s t e r - l e - S t r e e t 

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

e x i s t i n g p a t t e r n s o f c a r e were t o be m a i n t a i n e d . 

I n o r d e r t o a s s e s s t h e r e s o u r c e s i t was n e c e s s a r y 

t o make a s s u m p t i o n s a b o u t t h e a l l o c a t i o n o f 

c l i e n t s t o modes o f c a r e so t h a t , i n s t e a d o f 

a l l o w i n g the LPAM model to choose t h e a l l o c a t i o n s 

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

model would s i m u l a t e t h e r e s o u r c e a l l o c a t i o n 

and m o n i t o r t h e amounts of r e s o u r c e needed 

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

I t i s p o s s i b l e t o u s e t h e LPAM model a s a 

s i m u l a t i o n model i n s e v e r a l ways, d e p e n d i n g 

upon how the d a t a i s s p e c i f i e d . The f o l l o w i n g 

p a r a g r a p h s d i s c u s s t h e s e methods. 

8.9.2 A s s e s s m e n t of R e s o u r c e s ; E q u a l I n c r e m e n t s i n 

Modes of C a r e 

The r e q u i r e m e n t h e r e i s t o a s s e s s the amounts 

of r e s o u r c e s needed i n f u t u r e t o c a r e f o r a 

changed c l i e n t p o p u l a t i o n i f e x i s t i n g p a t t e r n s 

of c a r e were t o be m a i n t a i n e d . One p o s s i b i l i t y , 

as used i n S e c t i o n 8.4 w i t h the C h e s t e r - l e - S t r e e t 

d i s t r i c t , i s to assume t h a t t h e p o p u l a t i o n 

changes a r e d e s c r i b e d by a new s e t d i ' of 

c l i e n t group s i z e s and t o assume f u r t h e r t h a t 

t h e same modes of c a r e w i l l c o n t i n u e t o be us e d 
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and t h a t t h e c h anges i n numbers o f c l i e n t s t o 

be a l l o c a t e d t o modes w i l l be d e r i v e d by 

s h a r i n g t h e i n c r e a s e o r d e c r e a s e e q u a l l y 

b e t w e e n t h e s e modes. 

new o l d , J . / i . e . x , = x., + ( d i - d i ) l l l l m£ 

o l d Where x,, = number o f c l i e n t s l l 

c u r r e n t l y a l l o c a t e d 

t o mode 1 i n g r o u p i , 

new , , . x., = number of c l i e n t s t o l l 

be a l l o c a t e d i n f u t u r e 

to mode 1 i n group i , 

d i = c u r r e n t s i z e o f group i , 

d i ' = f u t u r e s i z e of group i , 

and = number o f modes o f c a r e 

c u r r e n t l y u s e d f o r group i , 

The LPAM model i s t h e n u s e d to f i n d t h e 

amounts o f s e r v i c e r e s o u r c e s needed i n f u t u r e 

to c a r e f o r the changed c l i e n t p o p u l a t i o n . 

8.9.3 A s s e s s m e n t of R e s o u r c e s ; P r o p o r t i o n a l I n c r e m e n t s 

I n Modes of C a r e 

The r e q u i r e m e n t i s a g a i n : t o a s s e s s t h e amounts 

of r e s o u r c e s needed i n f u t u r e to c a r e f o r a 

changed c l i e n t p o p u l a t i o n i f e x i s t i n g p a t t e r n s 

of c a r e were to be m a i n t a i n e d . 

Another p o s s i b i l i t y i s t o assume t h a t t h e 

p o p u l a t i o n changes a r e d e s c r i b e d by a new s e t 

d i ' of c l i e n t group s i z e s and to assume f u r t h e r 
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t h a t t h e same modes o f c a r e w i l l c o n t i n u e t o 

be u s e d , b u t t h a t t h e numbers o f c l i e n t s t o be 

a l l o c a t e d t o modes w i l l be d e r i v e d by i n c r e a s i n g 

o r d e c r e a s i n g t h e c u r r e n t a l l o c a t i o n s i n 

p r o p o r t i o n t o t h e change i n g r o u p s i z e , 

i . e . 

T h i s i s s i m i l a r t o t h e a s s u m p t i o n o f t h e SPRAM 

model. 

The LPAM model i s t h e n u s e d as b e f o r e to f i n d 

t h e amounts of s e r v i c e r e s o u r c e s needed i n 

f u t u r e to c a r e f o r t h e changed c l i e n t p o p u l a t i o n . 

A s s e s s m e n t of R e s o u r c e s ; U n c o n s t r a i n e d C h o i c e 

o f Modes of C a r e 

I t i s p o s s i b l e t o u s e t h e LPAM model to a s s e s s 

r e s o u r c e s needed i n f u t u r e t o c a r e f o r a 

changed c l i e n t p o p u l a t i o n by a l l o w i n g t h e model 

i t s e l f t o choose t h e a l l o c a t i o n o f c l i e n t s t o 

modes o f c a r e . I f no a s s u m p t i o n s a r e made 

w i t h r e s p e c t to t h e number o f c l i e n t s x 

a l l o c a t e d t o modes o f c a r e and i f changes i n 

t h e c l i e n t p o p u l a t i o n a r e d e s c r i b e d by changes 

i n group s i z e s from d i to d i , t h e n t h e LPAM 

model would choose a s e t of x w i t h r e f e r e n c e 

to t h e w e i g h t i n g s w the o n l y c o n s t r a i n t s 

b e i n g t h e group s i z e c o n s t r a i n t s : 

o l d d i 
d i i l new = x i l 

i l 

i l = d i f o r a l l i . 
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The r e s o u r c e c o n s t r a i n t s w o u l d be u n b o u n d e d 

and t h e s i z e B, o f ea c h r e s o u r c e w o u l d be k 

m o n i t o r e d . 

Choose t h e x., t o M a x i m i s e * - *~- w x 
l l 1 1 i l i l 

to M a x i m i s e * - — 
1 1 

S u b j e c t t o y x , = d i ' , f o r a l l i , 

and c a l c u l a t e Bk =T~ <ZT u . ,, x , , f o r a l l k. *— , i l k l l l 1 

T h i s a p p r o a c h i s , however, u n a c c e p t a b l e b e c a u s e , 

when t h e r e s o u r c e c o n s t r a i n t s a r e removed, t h e 

model c h o o s e s t h e most p r e f e r r e d mode o f c a r e 

( i . e . f o r w h i c h w . i s l a r g e s t ) f o r e a c h c l i e n t l l 

group i and t h e r e s u l t i n g a l l o c a t i o n s a r e , f o r 

e a c h i , x = d i ' f o r t h a t mode 1 h a v i n g t h e 

l a r g e s t w.„, and x., = 0 o t h e r w i s e , l l l l 

W h i l s t t h i s would r e f l e c t an " i d e a l " s i t u a t i o n , 

a l l c l i e n t s b e i n g a l l o c a t e d t o t h e most p r e f e r r e d 

modes of c a r e , i t i s not c o n s i d e r e d t o be 

a c c e p t a b l e . 

8.9.5 A s s e s s m e n t o f R e s o u r c e s ; P r e - D e f i n e d C h o i c e o f 

Modes of C a r e 

T h i s a p p r o a c h assumes t h a t changes i n t h e 

p o p u l a t i o n a r e d e f i n e d by changes i n t h e c l i e n t 

group s i z e s from d i to d i and i n a d d i t i o n t h a t 

the p l a n n e r s d e f i n e t h e numbers o f c l i e n t s i n 

eac h group who w i l l r e c e i v e e a c h mode of c a r e , 

new 
i . e . x., l l 

The LPAM model i s th e n used as b e f o r e t o f i n d 

the amounts of s e r v i c e r e s o u r c e s needed i n 
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f u t u r e t o c a r e f o r t h e c h a n g e d c l i e n t 

p o p u l a t i o n . 

T h i s i s a v e r y s t r a i g h t - f o r w a r d a p p r o a c h b u t 

i t r e q u i r e s t h e p l a n n e r s t o s u p p l y d a t a f o r 

e v e r y g r o u p and mode o f c a r e . I n o r d e r t o 

r e d u c e t h e amount o f d a t a needed, an " i n c r e m e n t a l " 

or " d i f f e r e n c e " model c o u l d be b u i l t w h i c h u s e d 

d a t a o n l y on t h o s e g r o u p s and modes where a 

change t a k e s p l a c e . 

Thus, i f J = c l i e n t group number 

and ra = mode o f c a r e 

f o r t h o s e groups and modes where a change t a k e s 

p l a c e , 

o l d 
and x . = c u r r e n t a l l o c a t i o n , 

D6W 
x = f u t u r e a l l o c a t i o n , 
Jm 

t h e n t h e new s e r v i c e r e s o u r c e s r e q u i r e d 

would be: 
„, new _, o l d 7 7 o l d !>~ T" n e w 

Bk = Bk -Z-Z_ u . , x^ + * : T - ^ - u J 1 x. , jmk jm J m jmk jm , 
J m 

f o r a l l j and m where a change t a k e s p l a c e , and 

f o r a l l k. 

T h i s s e t of e q u a t i o n s c o u l d be i n c l u d e d i n t h e 

LPAM model. 

8.9.6 E x p l o r a t i o n o f I n t e r m e d i a t e A l l o c a t i o n s 

S i n c e the LPAM model p r o v i d e s p l a n n e r s w i t h 

a s e t of f u t u r e a l l o c a t i o n s of c l i e n t s t o 

modes of c a r e w h i c h may be r a d i c a l l y d i f f e r e n t 

from t h e i n i t i a l a l l o c a t i o n s , i t may be 

a p p r o p r i a t e f o r t h e p l a n n e r s t o e x p l o r e t h e 
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e f f e c t o f i n t e r m e d i a t e a l l o c a t i o n s somewhere 

b e t w e e n t h e i n i t i a l s t a t e and t h e LPAM 

o p t i m a l a l l o c a t i o n s . T h i s may be n e c e s s a r y 

b e c a u s e t h e movement o f c l i e n t s b e t w e e n 

a l t e r n a t i v e modes o f c a r e would n o t be e x p e c t e d 

to t a k e p l a c e i n s t a n t l y and t h e p l a n n e r s may 

w i s h to c o n s i d e r r e - a l l o c a t i o n o f f e w e r 

c l i e n t s f r o m one mode t o a n o t h e r as an 

i n t e r m e d i a t e s t a g e . 

I n t h i s c a s e t h e p l a n n e r s would w i s h t o s p e c i f y 

as d a t a t h e numbers o f c l i e n t s a l l o c a t e d t o 

e a c h mode of c a r e i n e a c h c l i e n t group, i . e . 

th e x^^. T h i s i m p l i e s t h a t t h e r e q u i r e m e n t 

i s t o s i m u l a t e what r e s o u r c e s would be needed 

to c a r e f o r t h e f u t u r e c l i e n t p o p u l a t i o n f o r 

t h e p l a n n e r s ' c h o i c e o f modes o f c a r e - and 

t h i s i s i d e n t i c a l w i t h t h e model d i s c u s s e d i n 

S e c t i o n 8.9.5 above. As b e f o r e , i f i t were 

s i m p l e r to s p e c i f y d a t a o n l y f o r t h o s e groups 

and modes where a change was t o t a k e p l a c e , an 

" i n c r e m e n t a l " model c o u l d be c o n s t r u c t e d by 

e x t e n s i o n o f t h e LPAM model. 
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10 O t h e r P l a n n i n g Changes 

O t h e r p l a n n i n g c h a n g es may be p o l i c y d e c i s i o n s on t h e 

way i n w h i c h t h e r e s o u r c e b u d g e t s h o u l d be s p e n t o r 

d e c i s i o n s on t h e ways i n w h i c h c l i e n t s s h o u l d be c a r e d 

f o r . 

The former i m p l i e s t h a t t h e r e may be r e d u c e d e x p e n d i t u r e 

i n some a r e a s and p e r h a p s i n c r e a s e d e x p e n d i t u r e i n 

o t h e r s . Because o f t h e way i n w h i c h t h e p l a n n i n g p r o c e s s 

o p e r a t e s , t h e s e r e d u c t i o n s o r i n c r e a s e s a r e e f f e c t e d by 

c o r r e s p o n d i n g r e d u c t i o n s or i n c r e a s e s i n s o c i a l s e r v i c e 

r e s o u r c e s . I t i s not u s u a l ( and may be i m p o s s i b l e ) 

d i r e c t l y to i n c r e a s e or r e d u c e e x p e n d i t u r e on a p a r t i c u l a r 

c l i e n t group : i n s t e a d , i n c r e a s e s o r r e d u c t i o n s t a k e 

p l a c e d i r e c t l y i n r e s o u r c e s and hence i n d i r e c t l y a f f e c t 

t h e c l i e n t group. C o n s e q u e n t l y s u c h changes i n e x p e n d i t u r e 

w i l l be d e f i n e d by changes i n t h e amounts of e a c h r e s o u r c e 

a v a i l a b l e , i . e . by ch a n g e s from Bk t o Bk f o r a l l 

r e s o u r c e s k. S e c t i o n s 8.4, 8.6, 8.8 and 8.9 above 

d e s c r i b e t h e ways i n w h i c h LPAM, t h e l i n e a r programming 

model w i t h a l t e r n a t i v e modes of c a r e , c a t e r s f o r s u c h 

c h a n g e s . 

D e c i s i o n s on t h e ways i n w h i c h c l i e n t s c o u l d be c a r e d 

f o r c o u l d be o f v a r i o u s t y p e s . I n t h e D.H.S.S./A. A n d e r s e n 

SPBAM model ( s e e S e c t i o n 4 . 4 ) , p r o v i s i o n i s made f o r 

d e c i s i o n s r e l a t i n g t o the c h o i c e o f mode o f c a r e , t h e 

c h o i c e of amounts of r e s o u r c e s a v a i l a b l e i n f u t u r e , t h e 

s p e c i f i c a t i o n o f new modes of c a r e and t h e c h o i c e o f 

p r o p o r t i o n s o f quota and c o v e r a g e . 
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These d e c i s i o n s c an a l l be i n c l u d e d i n t h e LPAM m o d e l . 

The c h o i c e by t h e p l a n n e r s o f modes o f c a r e f o r 

i n d i v i d u a l c l i e n t g r o u p s has been d i s c u s s e d i n S e c t i o n 

8.9.6; t h e c h o i c e o f amounts o f r e s o u r c e s a v a i l a b l e i n 

f u t u r e i s assumed t o be an i n p u t t o t h e LPAM model; t h e 

s p e c i f i c a t i o n o f new modes o f c a r e c an be an i n p u t t o 

t h e model. The c h o i c e o f p r o p o r t i o n s o f q u o t a and 

c o v e r a g e i s now d i s c u s s e d . 

I n the SPRAM model, r e s o u r c e s a r e f i r s t l y a l l o c a t e d t o 

e a c h c l i e n t group, t h e n t h e a l l o c a t i o n t o i n d i v i d u a l 

c l i e n t s w i t h i n e a c h mode of c a r e i s made on t h e b a s i s 

o f a p r e - d e f i n e d t r a d e - o f f between t h e qu o t a o f r e s o u r c e 

a l l o c a t e d t o a s i n g l e c l i e n t and the c o v e r a g e o r a l l o c a t i o n 

a c r o s s a l l c l i e n t s i n t h e group. T h i s may r e s u l t i n a 

h i g h q u o t a o f r e s o u r c e b e i n g a l l o c a t e d t o some c l i e n t s 

and none t o o t h e r s o r c o n v e r s e l y i n a l o w e r q u o t a o f 

r e s o u r c e b e i n g a l l o c a t e d t o a l l c l i e n t s . I n t h i s model 

t h e a l l o c a t i o n o f r e s o u r c e s w i t h i n modes o f c a r e i s n o t 

f i x e d . 

I n t h e LPAM model, however, t h e a l l o c a t i o n s o f c l i e n t s 

t o modes o f c a r e w i t h i n a group, i . e . a r e c h o s e n 

by t h e model, t h u s g i v i n g a f i x e d " c o v e r a g e " o f c l i e n t s 

w i t h i n a mode o f c a r e ; and t h e modes o f c a r e a r e them­

s e l v e s f i x e d a t p a r t i c u l a r l e v e l s of r e s o u r c e p e r 

c l i e n t , t h u s g i v i n g a f i x e d " q u o t a " o f r e s o u r c e t o e a c h 

c l i e n t . The v e r y d e f i n i t i o n s of the modes o f c a r e i n 

the LPAM model i m p l y c e r t a i n a l l o c a t i o n 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 l i e n t , whereas i n the SPRAM model t h i s 

i s not s o . I f l a r g e r " q u o t a s " were d e s i r a b l e t h e n new 

modes of c a r e ought t o be c r e a t e d f o r t h e LPAM model 
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w i t h a p p r o p r i a t e w e i g h t i n g f a c t o r s . 

N e v e r t h e l e s s , t h e LPAM model, s t i l l p e r m i t s f l e x i b i l i t y 

of a l l o c a t i o n of r e s o u r c e s t o an i n d i v i d u a l c l i e n t , 

3ince the model o n l y a l l o c a t e s how many c l i e n t s s h o u l d 

be c a r e d f o r i n a p a r t i c u l a r mode of c a r e and t h u s t h e 

a v e r a g e amount of e a c h r e s o u r c e p e r c l i e n t i s a l l o c a t e d , 

but t h e t o t a l amount, i . e . x u i i k ' °^ e a c ^ r e s o u r c e k 

may be s h a r e d out by t h e s o c i a l w o r k e r s e v e n l y o r 

u n e v e n l y . Thus w i t h i n e a c h mode o f c a r e , e a c h c l i e n t 

c o u l d r e c e i v e the same amount of a r e s o u r c e o r some 

c l i e n t s c o u l d r e c e i v e more and some c o u l d r e c e i v e l e s s . 

The LPAM model t h u s a l l o w s t h e p l a n n e r s and s o c i a l 

w o r k e r s to d e t e r m i n e t h e p r e c i s e a l l o c a t i o n of r e s o u r c e s 

to I n d i v i d u a l c l i e n t s . 
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CHAPTER 9 

LIMITATIONS, APPLICATIONS AND EXTENSIONS: FUTURE WORK 
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LIMITATIONS, APPLICATIONS AND EXTENSIONS: FUTURE WORK 

9,1 L i m i t a t i o n s ; t h e " S n a p s h o t " Census 

The l i n e a r p r o g r a m m i n g m o d e l w i t h a l t e r n a t i v e modes 

o f c a r e (LPAM) was c o n s t r u c t e d u s i n g d a t a made a v a i l a b l e 

by Durham C o u n t y C o u n c i l (DCC) f r o m t h e D.U.B.S. c e n s u s 

t a k e n i n 1977. T h a t c e n s u s c o n s t i t u t e d a " s n a p s h o t " 

t a k e n a t a p o i n t i n time of t h e " a c t i v e " s o c i a l work 

c a s e s i n t h e m a j o r i t y o f C o u n t y Durham ( i e . e x c l u d i n g 

L a n c h e s t e r d i s t r i c t ) . The a c t i v e c a s e l o a d r e p r e s e n t s 

t h o s e c a s e s c u r r e n t l y n e e d i n g a t t e n t i o n by s o c i a l 

w o r k e r s and e x c l u d e s c l i e n t s who a r e c u r r e n t l y r e c e i v i n g 

s o c i a l s e r v i c e s , but whose c a s e s a r e no l o n g e r a c t i v e 

s i n c e t h e i r n eeds f o r s e r v i c e s have been a s s e s s e d and 

t h o s e s e r v i c e s a r e now b e i n g s u p p l i e d . 

As a c o n s e q u e n c e of t h e s u r v e y b e i n g r e s t r i c t e d t o 

" a c t i v e " c a s e s , t h e d a t a i n t h e LPAM model does n o t r e f l e c t 

t h e whole p i c t u r e of s o c i a l s e r v i c e a l l o c a t i o n o r demand. 

O t h e r c l i e n t s who a r e r e c e i v i n g p a c k a g e s o f c a r e on a 

r e g u l a r b a s i s but whose p a c k a g e s do n o t i n c l u d e s o c i a l 

w o r k er i n v o l v e m e n t a r e n o t a t p r e s e n t i n c l u d e d . E a c h 

c a s e has a d i f f e r e n t " a c t i v e " l i f e . E s t i m a t e s of demand 

i n t o t a l u n i t s o f s e r v i c e would be needed i n o r d e r 

t o model t h e a l l o c a t i o n s c o m p l e t e l y . M. W h e a t l e y , when 

d i s c u s s i n g t h e c e n s u s d e s i g n f o r t h e D.U.B.S. r e s e a r c h , 

s u g g e s t e d t h a t e s t i m a t e s o f demand "would be o b t a i n e d 

by a p p l y i n g m u l t i p l i e r s t o s e r v i c e p r o f i l e s b a s e d on 

a n n u a l t h r o u g h - p u t s of c l i e n t t y p e s " . 

The p r e s e n t a u t h o r has made c o m p a r i s o n s between t h e 

s e r v i c e l e v e l s and t h e numbers of c l i e n t s as d e r i v e d 

from t h e c e n s u s d a t a and as a v a i l a b l e c u r r e n t l y ( 1 9 8 6 ) 
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and t h e r e a p p e a r s t o be a m u l t i p l i c a t i o n f a c t o r o f 

about 10 i n r e s p e c t of t h e m a j o r i t y o f s e r v i c e s s u p p l i e d . 

The number o f a c t i v e c a s e s c u r r e n t l y i s about t h e same 

as i t was a t t h e t i m e o f t h e c e n s u s ; t h e amounts of 

most s e r v i c e s have not changed g r e a t l y ; t h e p r o p o r t i o n 

o f most s e r v i c e s s u p p l i e d t o " a c t i v e " c a s e s i s about 

a t e n t h o f t h e t o t a l amount a l l o c a t e d of e a c h s e r v i c e . 

I f t h e LPAM model were t o be implemented i n p r a c t i c e , 

more c a r e f u l e s t i m a t e s would be needed i n r e s p e c t of 

n o n - a c t i v e c a s e s and t h e i r demand f o r s e r v i c e s . The 

t o t a l amount o f e a c h s e r v i c e a v a i l a b l e i s known; t h e 

modes o f c a r e f o r n o n - a c t i v e c a s e s i s not known a t 

p r e s e n t . E s t i m a t e s o f c a r e p a c k a g e s c o u l d be made 

from e x i s t i n g i n f o r m a t i o n on s e r v i c e s s u p p l i e d o r a 

s u r v e y c o u l d be c a r r i e d o u t . 

9.2 L i m i t a t i o n s : V a l i d a t i o n o f Model 

A l t h o u g h t h e model has been t e s t e d , f o r t h e C h e s t e r -

l e - S t r e e t d i s t r i c t and some s i m p l e t e s t d a t a , t o e n s u r e 

t h a t demographic and r e s o u r c e c h a n g e s c a n be i n c l u d e d 

and p l a n s c a n be produced, t h e model has not been 

r i g o r o u s l y v a l i d a t e d . V a l i d a t i o n o f c o n s i s t e n c y 

c o u l d t a k e p l a c e i n a number o f ways, for- example: 

- c o m p a r i n g c u r r e n t DCC p l a n s w i t h what t h e model 

would a l l o c a t e b a s e d on t h e 1977 d a t a ; 

- c o m p a r i n g a l l o c a t i o n s f o r C h e s t e r - l e - S t r e e t w i t h 

t h o s e f o r o t h e r d i s t r i c t s w i t h i n County Durham; 

- co m p a r i n g a l l o c a t i o n s f o r Durham w i t h t h o s e f o r 

o t h e r r e g i o n s . 
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The f i r s t o f t h e s e i s f e a s i b l e a l t h o u g h i t depends 

t o some e x t e n t upon t h e s e c o n d ; i t w o u l d be a p p r o p r i a t e 

i f a p r a c t i c a l model w e r e t o be i m p l e m e n t e d . The 

secon d r e q u i r e s c e r t a i n a s s u m p t i o n s t o be made 

c o n c e r n i n g t h e ways i n w h i c h s o c i a l w o r k e r s c h o o s e 

t o c a r e f o r t h e i r c l i e n t s . Comparisons o f a l l o c a t i o n s 

i n two d i s t r i c t s would be a p p r o p r i a t e p r o v i d i n g t h e 

s o c i a l w o r k e r s do c a r e f o r t h e i r c l i e n t s u s i n g s i m i l a r 

p a c k a g e s o f c a r e . D i s c u s s i o n s w i t h t h e p l a n n e r s and 

e v i d e n c e from t h e c e n s u s s u g g e s t s t h a t t h e r e c an be 

q u i t e wide v a r i a t i o n s i n t h e c a r e p a c k a g e s c h o s e n by 

d i f f e r e n t s o c i a l w o r k e r s f o r a p p a r e n t l y s i m i l a r c l i e n t s . 

C a u t i o n would be needed t o e n s u r e t h a t " s i m i l a r " d i s t r i c t s 

( i n terms of s o c i a l w o r k e r s ' p a c k a g e s o f c a r e ) were 

cho s e n f o r p u r p o s e s o f c o m p a r i s o n . The d i f f e r e n c e s 

i n c h o i c e o f c a r e by i n d i v i d u a l s o c i a l w o r k e r s would 

not a f f e c t t h e model i t s e l f s i n c e t h e r e q u i r e m e n t s o f 

the p l a n n e r s a r e f o r a g g r e g a t e d amounts of s e r v i c e s 

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

The t h i r d means of v a l i d a t i n g c o n s i s t e n c y would be t o 

compare t h e a l l o c a t i o n s f o r County Durham w i t h t h o s e 

f o r o t h e r r e g i o n s . T h i s i s p r o b a b l y l e a s t s a t i s f a c t o r y , 

s i n c e , a s shown i n c h a p t e r 8 , t h e r e c a n be q u i t e wide 

d i v e r g e n c e i n t h e p r o p o r t i o n s of c l i e n t groups c a r e d 

f o r w i t h s i m i l a r s e r v i c e s i n d i f f e r e n t c o u n t i e s . 

Y e t t h e r e i s encouragement from t h e Government, i n t h e 

form of broad p o l i c i e s and n a t i o n a l p r i o r i t i e s , t o 

t r e a t c l i e n t s c o n s i s t e n t l y a c r o s s t h e c o u n t r y . ( See 

12. Zt 

f o r example, DHSS : C a r e i n A c t i o n and DHSS : 

Community C a r e ) . G u i d e l i n e s a r e from time t o time 

i s s u e d , f o r example p r i o r i t y groups i d e n t i f i e d i n 
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1981 (DHSS' ) w e r e : e l d e r l y p e o p l e , t h e m e n t a l l y i l l , 

t h e m e n t a l l y h a n d i c a p p e d and t h e p h y s i c a l l y a n d / o r 

p r i o r i t y s e r v i c e s l i s t e d i n 1 9 8 1 (DHSS )r m a t e r n i t y 

s e r v i c e s and n e o n a t a l c a r e , p r i m a r y c a r e s e r v i c e s 

and s e r v i c e s r e l a t e d t o t h e c a r e o f young c h i l d r e n 

a t r i s k and t o t h e c a r e and t r e a t m e n t o f j u v e n i l e 

o f f e n d e r s . 

At p r e s e n t , however, e a c h County has freedom t o d e c i d e 

how to p u r s u e t h e s e p o l i c i e s and p r i o r i t i e s i n i t s 

own l o c a l i t y . T h e r e may be l o c a l l y one p a r t i c u l a r 

group o r s e r v i c e w i t h i n t h e p r i o r i t y l i s t w h i c h r e q u i r e s 

most a t t e n t i o n and so t h e e m p h a s i s may v a r y from one 

co u n t y t o a n o t h e r . 

A p p l i c a t i o n s and E x t e n s i o n s 

The LPAM model a s p o s t u l a t e d i n c l u d e s c l i e n t groups 

as c h o s e n i n t h e D.U.B.S. r e s e a r c h . S i n c e t h e D.U.B.S. 

c l i e n t groups were p r o p o s e d , Durham County C o u n c i l 

(DCC) h a s d e v e l o p e d t h e C o m p u t e r i s e d C l i e n t R e c o r d s 

System and C a s e l o a d Management System. A model w h i c h 

us e d t h e same c l i e n t groups and c a t e g o r i e s as t h e s e 

s y s t e m s would be more a p p r o p r i a t e and would be e a s i e r 

f o r t h e p l a n n e r s t o u s e now t h a t t h e y a r e f a m i l i a r 

w i t h t h o s e g r o u p i n g s . To i n c l u d e t h e s e groups i n t h e 

model i s s i m p l y a m a t t e r of d e f i n i t i o n and d a t a g a t h e r i n g 

t h e b a s i c framework o f t h e model would not a l t e r . 

The c u r r e n t LPAM model u s e s a l t e r n a t i v e modes of c a r e 

d e r i v e d by t h e a u t h o r from C l u s t e r A n a l y s i s o f the 

o r i g i n a l ( 1 9 7 7 ) DUBS c e n s u s d a t a . T h e s e modes, w h i l s t 

r e f l e c t i n g p r e c i s e l y t h e c a r e g i v e n t o a c t i v e c a s e s a t 

t h a t t i m e , may be c o n s i d e r e d t o be too d e t a i l e d and 
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i n any c a s e may not be a p p r o p r i a t e i f new d e f i n i t i o n s 

of c l i e n t groups were t o be u s e d . At l e a s t t h r e e 

p o s s i b l e c o u r s e s o f a c t i o n e x i s t : f i r s t l y , t o 

con d u c t a n o t h e r s u r v e y of r e s o u r c e usage a l o n g t h e 

l i n e s of t h e DUBS c e n s u s but u s i n g t h e new c l i e n t 

g r oups; s e c o n d l y , t o make u s e of r e p o r t s of r e s o u r c e 

a l l o c a t i o n s w h i c h a r e now p r o d u c e d by t h e S o c i a l S e r v i c e s 

Department; o r t h i r d l y , t o d e c i d e upon a range o f 

a l t e r n a t i v e p a c k a g e s of c a r e f o r e a c h c l i e n t group: 

t h i s l a t t e r p o s s i b i l i t y would r e q u i r e p r o f e s s i o n a l 

a d v i c e s u c h a s t h a t employed i n t h e B a l a n c e of C a r e 

p r o j e c t s . 

The c u r r e n t LPAM model d e f i n e s p a c k a g e s of c a r e i n 

terms o f t h e r e s o u r c e a l l o c a t e d , measured i n numbers 

of c l i e n t - u n i t s , i . e . w i t h o u t d e f i n i n g p r e c i s e l y 

what i s meant by a c l i e n t - u n i t f o r e a c h r e s o u r c e . 

I t would be p o s s i b l e t o c o n s t r u c t t h e model u s i n g 

r e a l i s t i c u n i t s o f measure f o r s e r v i c e s , so t h a t , 

f o r example, m e a l s - o n - w h e e l s would be measured i n 

terms o f f i n a n c i a l c o s t . 

The w e i g h t s u s e d i n t h e o b j e c t i v e f u n c t i o n o f t h e c u r r e n t 

LPAM model a r e d e r i v e d (somewhat a r b i t r a r i l y ) from 

t h e c u r r e n t ( 1 9 7 7 ) a l l o c a t i o n o f s e r v i c e s t o c l i e n t 

g r o u p s . The o p p o r t u n i t y now e x i s t s t o make u s e o f 

th e " p r i o r i t y and p o i n t s " s y s t e m o p e r a t e d i n DCC a s 

p a r t o f t h e C a s e l o a d Management System. I t s h o u l d be 
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p o s s i b l e t o d e f i n e w e i g h t s f o r c l i e n t groups and 

modes o f c a r e b a s e d on t h e s e p r i o r i t i e s and " p o i n t s " 

s i n c e t h e y a r e now u s e d t o a s s i s t s o c i a l w o r k e r s i n 

r a n k i n g t h e i r w o r k l o a d o r d e r o f p r i o r i t y , 

The d e f i n i t i o n of a s u i t a b l e o b j e c t i v e f u n c t i o n has 

been a major p r e o c c u p a t i o n of r e s e a r c h e r s i n t h i s 

f i e l d . W h i l s t t h e LPAM m o d e l r e q u i r e s an o b j e c t i v e 

f u n c t i o n to be d e f i n e d i n o r d e r t o s e l e c t a s u i t a b l e 

a l l o c a t i o n o f c l i e n t s t o modes of c a r e , i t has been 

shown i n C h a p t e r 5 t h a t s e l e c t i o n of t h e w e i g h t s may 

be w i t h i n q u i t e l a r g e r a n g e s w i t h o u t s i g n i f i c a n t l y 

a l t e r i n g t h e o p t i m a l s o l u t i o n p o i n t . The main 

a d v a n t a g e of t h e LPAM model r e s t s i n i t s a b i l i t y t o 

s e l e c t a new s e t o f a l l o c a t i o n s of c l i e n t s t o modes o f 

c a r e w h i c h a r e w i t h i n t h e r e s o u r c e c o n s t r a i n t s and w h i c h 

may be c o n s i d e r a b l y d i f f e r e n t from c u r r e n t modes of c a r e . 

Thus t h e main a d v a n t a g e i s t h a t o f e x p l o r a t i o n o f t h e 

f e a s i b l e r e g i o n : a l l o w i n g p l a n n e r s t o c o n s i d e r q u i t e 

d i f f e r e n t a l l o c a t i o n s from t h o s e c u r r e n t l y i n u s e , 

and t o e x p l o r e i n t e r m e d i a t e a l l o c a t i o n s w h i c h may be 

" o p t i m a l " but w h i c h a r e f e a s i b l e and w h i c h may be u s e d 

as i n t e r m e d i a t e s t a g e s on t h e r o u t e t o o p t i m a l i t y . 

S i n c e t h e d e f i n i t i o n o f an "optimum" i n t h i s c o n t e x t 

i s e x t r e m e l y d i f f i c u l t , t he p r e c i s e form o f t h e o b j e c t i v e 

f u n c t i o n may n o t be too s i g n i f i c a n t . 
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One p o s s i b l e e x t e n s i o n t o t h e LPAM model would be 

to i n c l u d e c o s t s , so t h a t any c h o s e n a l l o c a t i o n c a n 

be measured i n terms o f i t s c o s t as w e l l as i n terms 

of t h e o b j e c t i v e f u n c t i o n v a l u e of e f f e c t i v e n e s s . 

U n i t c o s t s of r e s o u r c e s a r e not a t p r e s e n t a v a i l a b l e 

i n DCC b u t , w i t h t h e imminent i m p l e m e n t a t i o n of t h e 

" F I S C A L " computer model, t h e y may become a v a i l a b l e 

i n t h e n e a r f u t u r e . Such an e x t e n s i o n to t h e model 

would improve i t s means of p r e s e n t i n g i n f o r m a t i o n 

t o t h e p l a n n e r s f o r c o m p a r a t i v e p u r p o s e s . 
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CHAPTER 10 

CONCLUSIONS 
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C o n c l u s i o n s 

From t h e p r e c e d i n g d i s c u s s i o n s i t i s c l e a r t h a t 

some form of m a t h e m a t i c a l model c a n be h e l p f u l to t h e 

p l a n n e r s i n e v a l u a t i n g a p p r o p r i a t e s t r a t e g i e s f o r 

f u t u r e a l l o c a t i o n of s o c i a l s e r v i c e s r e s o u r c e s , 

p a r t i c u l a r l y when demographic changes a r e t a k i n g p l a c e 

and r e s o u r c e s a r e s c a r c e . 

S t r a t e g i e s f o r f u t u r e a l l o c a t i o n o f r e s o u r c e s may be 

d e t e r m i n e d u s i n g a model, but i n d i v i d u a l a s s e s s m e n t 

o f c l i e n t needs w i l l c o n t i n u e t o be made by s o c i a l 

w o r k e r s and o t h e r p r o f e s s i o n a l e x p e r t s . I t i s n o t 

a n t i c i p a t e d t h a t a r i g i d s e t of a l l o c a t i o n s would be 

imposed upon t h e f i e l d w o r k e r s , r a t h e r t h a t t h e y would 

be e n c o u r a g e d to c o n s i d e r a l t e r n a t i v e a c c e p t a b l e p a c k a g e s 

o f c a r e and to move towar d s t h o s e p a c k a g e s o f c a r e w h i c h 

a r e more d e s i r a b l e i n t e r m s o f t h e i r u s a ge of r e s o u r c e s 

o r i n t e r m s o f c o s t . 

The p r e c e d i n g c h a p t e r s have d e s c r i b e d and compared a 

number o f m a t h e m a t i c a l models f o r s u c h l o n g r a n g e 

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

a l i n e a r programming model w i t h a l t e r n a t i v e modes o f 

c a r e (LPAM) and has shown how t h i s model c a n be u s e d 

t o p l a n f o r f u t u r e demographic changes and r e s o u r c e 

c h a n g e s . 

A n a l y s i s o f a l a r g e s u r v e y o f c l i e n t c a r e i n County 

Durham h a s been u n d e r t a k e n i n o r d e r t o a s c e r t a i n t h e 

p a t t e r n s o f c a r e a t t h e time o f t h e s u r v e y , to 

a s c e r t a i n t h e r e s o u r c e u s age f o r a l l s e r v i c e s o f f e r e d and 
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d e f i n e a r a n g e of a l t e r n a t i v e modes of c a r e w h i c h 

r e f l e c t t h e c a r e p a t t e r n s a t t h e time of t h e s u r v e y . 

A d i s c u s s i o n of the w e i g h t i n g v a l u e s r e q u i r e d i n t h e 

LPAM model h a s shown t h a t a f e a s i b i l i t y r e g i o n c a n be 

d e f i n e d f o r t h e w e i g h t s w h i c h r e f l e c t s e x i s t i n g 

p a t t e r n s of c a r e . 

The a u t h o r ' s model has been compared w i t h o t h e r models, 

i n p a r t i c u l a r t h e DHSS/A. A n d e r s e n SPRAM model. R e g i o n a l 

a t t e m p t s a t i m p l e m e n t i n g t h e DHSS model have been 

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

from t h e Durham s u r v e y . The ways i n w h i c h t h e a u t h o r ' s 

LPAM model and t h e DHSS SPRAM model u n d e r t a k e p l a n n i n g 

when t h e r e a r e f u t u r e demographic and/or r e s o u r c e 

c h a n g e s have been d i s c u s s e d and compared. L i m i t a t i o n s 

i n r e s p e c t o f t h e LPAM model have been d i s c u s s e d , a s 

have ways o f e x t e n d i n g and a p p l y i n g t h e model i n t h e 

c o n t e x t of County Durham. 

The a d v a n t a g e o f f e r e d by t h e LPAM model l i e s i n t h e 

way t h a t r a d i c a l l y d i f f e r e n t methods o f c a r e c a n be 

c h o s e n by t h e model and be shown t o make a c c e p t a b l e 

u s e o f r e s o u r c e s ( i . e . 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 ) 

w h i l s t p r o v i d i n g a c c e p t a b l e modes o f c a r e , even though 

t h e c l i e n t p o p u l a t i o n may i n c r e a s e o r d e c r e a s e 

d i f f e r e n t l y a c c o r d i n g t o t h e age group o f t h e c l i e n t s . 

A l t h o u g h s u c h r a d i c a l c h anges c o u l d not be i m m e d i a t e l y 

implemented, t h e p l a n n e r s c a n u s e t h e model to e x p l o r e 

t h e e f f e c t s o f i n t e r m e d i a t e a l l o c a t i o n s o f c a r e 

between c u r r e n t a l l o c a t i o n s and t h e model's p r o p o s a l s , 
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so t h a t i n t h e l o n g e r term t h e s e r a d i c a l c h anges 

c o u l d be e f f e c t e d . S i n c e p l a n n e r s a r e nowadays 

r e q u i r e d to make major r e d u c t i o n s i n p u b l i c 

e x p e n d i t u r e , t h i s model o f f e r s a means of 

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

methods o f c a r e , whereas t h e SPRAM model t a k e s 

an i n c r e m e n t a l o r d e c r e m e n t a l a p p r o a c h and i t s 

p r o p o s e d a l l o c a t i o n s a r e t h e r e f o r e l i t t l e changed 

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

The West M i d l a n d s e x p e r i e n c e has shown t h a t t h e 

p l a n s p r o d u c e d by t h e SPRAM model were n o t 

p a r t i c u l a r l y i n t e r e s t i n g t o t h e p l a n n e r s -

p r o b a b l y b e c a u s e t h e y were l i t t l e d i f f e r e n t from 

t h e c u r r e n t p o s i t i o n . F u r t h e r m o r e , t h e f l e x i b i l i t y 

o f f e r e d by t h e LPAM model, i n terms of t h e 

a l t e r n a t i v e modes w h i c h c a n be s p e c i f i e d and 

p o s s i b l y c h o s e n , p e r m i t s p l a n n e r s t o i n c o r p o r a t e 

d i f f e r e n t p a c k a g e s o f c a r e t o r e f l e c t changed 

p h i l o s o p h i e s o f c a r e . P r e f e r e n c e s f o r c e r t a i n t y p e s 

o f p a c k a g e s c a n be e x p r e s s e d t h r o u g h t h e w e i g h t i n g 

s y s t e m . 

With t h e i n t r o d u c t i o n o f t h e p r i o r i t y and p o i n t s s y s t e m 

i n t h e Durham c a s e l o a d management s y s t e m t h e r e i s an 

i m p l i c i t w e i g h t i n g i n f a v o u r o f c e r t a i n t y p e s o f 

c a r e f o r c e r t a i n c l i e n t s groups and t h i s would o f f e r 

a r e a l i s t i c means o f s e t t i n g t h e w e i g h t s f o r t h e LPAM 

model. I n a d d i t i o n , t h e d e f i n i n g o f c l i e n t groups f o r 

the c o m p u t e r i s e d C l i e n t R e c o r d S y s t e m t o g e t h e r w i t h t h e 

improved r e p o r t i n g of r e s o u r c e u s age i n County Durham 
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would a l l c o n t r i b u t e t o make t h e a p p l i c a t i o n 

Llie LPAM model i n County Durham a p r a c t i c a l 

p r o p o s i t i o n . 
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APPENDIX I : CLIENT GROUPS 

ADULT PHYSICALLY HANDICAPPED CLIENTS BELOW 65 YEARS OF AGE 

( i n c l u d i n g i m p a i r e d h e a r i n g , b l i n d and p a r t i a l l y s i g h t e d c l i e n t s ) . 

GROUP CODE 

C o m p l e t e l y dependent a d u l t c l i e n t s 01 

A d u l t c l i e n t s w i t h a t l e a s t t h r e e p h y s i c a l h a n d i c a p s 02 

B l i n d o r p a r t i a l l y s i g h t e d a d u l t c l i e n t s 03 

A d u l t c l i e n t s w i t h i m p a i r e d h e a r i n g 04 

A d u l t c l i e n t s u n a b l e t o b a t h e and/or u s e t h e t o i l e t 
u n a i d e d 05 

A d u l t c l i e n t s u n a b l e t o c l e a n t h e i r h ouse and/or go 
out o f t h e i r h ouse u n a i d e d 06 

A d u l t c l i e n t s u n a b l e t o cook a d e q u a t e l y u n a i d e d 07 

O t h e r p h y s i c a l l y h a n d i c a p p e d a d u l t c l i e n t s . S o c i a l 
w o r k e r s s p e c i f y t h e i r p r o b l e m ( s ) e t c . , on t h e 
c e n s u s form 08 

CLIENT S ABOVE 65 YEARS OF AGE ('ELDERLY C L I E N T S ' ) 

( I n c l u d i n g i m p a i r e d h e a r i n g , b l i n d and p a r t i a l l y s i g h t e d c l i e n t s ) . 

GROUP CODE 

C o m p l e t e l y dependent e l d e r l y c l i e n t s i n c l u d i n g 

p s y c h o g e r i a t r i c c l i e n t s 09 

E l d e r l y c l i e n t s w i t h a t l e a s t t h r e e p h y s i c a l h a n d i c a p s 10 

E l d e r l y b l i n d o r p a r t i a l l y s i g h t e d c l i e n t s 11 

E l d e r l y c l i e n t s w i t h i m p a i r e d h e a r i n g 12 

E l d e r l y c l i e n t s u n a b l e t o b a t h e and/or u s e t h e t o i l e t 
u n a i d e d 13 

E l d e r l y c l i e n t s u n a b l e t o c l e a n t h e i r h o u s e and/or go 

out of t h e i r h ouse u n a i d e d 14 

E l d e r l y c l i e n t s u n a b l e t o cook a d e q u a t e l y u n a i d e d 15 

F r a i l e l d e r l y c l i e n t s 16 

O t h e r e l d e r l y c l i e n t s . S o c i a l w o r k e r s s p e c i f y t h e i r 
p r o b l e m ( s ) e t c . , on t h e c e n s u s form 17 
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APPENDIX 1 : ( c o n t i n u e d ) - CLIENT GROUPS 

MENTAL HEALTH ADULT CLIENTS 

GROUP 

M e n t a l l y i l l a d u l t c l i e n t s 

S e v e r e l y m e n t a l l y i l l a d u l t c l i e n t s 

M e n t a l l y s u b-normal a d u l t c l i e n t s 

S e v e r e l y m e n t a l l y s u b-normal a d u l t c l i e n t s 

CODE 

18 

19 

20 

21 

ADULT CLIENTS WITH RELATIONSHIP, ENVIRONMENTAL AND FINANCIAL PROBLEMS 
(.'FAMILY CASEWORK') 

GROUP 

A d u l t c l i e n t s v i o l e n t w i t h i n r e l a t i o n s h i p s w i t h o t h e r 
a d u l t ( s ) 

A d u l t c l i e n t s w i t h a n o n - v i o l e n t b u t i n a d e q u a t e 
r e l a t i o n s h i p w i t h p a r t n e r , o t h e r a d u l t s o r c h i l d r e n 

A d u l t v i c t i m s of v i o l e n c e w i t h i n r e l a t i o n s h i p s w i t h 
o t h e r a d u l t ( s ) 

A d u l t p e r s o n s h i n d e r i n g , n e g l e c t i n g o r i m p a i r i n g t h e 
development and/or h e a l t h o f t h e i r c h i l d r e n ( e x c l u d i n g 
p e r s o n s n o n - a c c i d e n t a l l y i n j u r i n g t h e i r c h i l d r e n o r 
o t h e r w i s e a b u s i n g t h e i r c h i l d r e n ) 

A d u l t p e r s o n s n o n - a c c i d e n t a l l y i n j u r i n g o r o t h e r w i s e 
a b u s i n g c h i l d r e n 

Homeless a d u l t s 

A d u l t c l i e n t s u n a b l e t o pay b i l l s e t c . 

A d u l t c l i e n t s w i t h m u l t i p l e r e l a t i o n s h i p , e n v i r o n m e n t a l 
and f i n a n c i a l p r o b l e m s . S o c i a l w o r k e r s s p e c i f y t h e i r 
p r oblems on t h e c e n s u s form 

O t h e r a d u l t c l i e n t s w i t h r e l a t i o n s h i p , e n v i r o n m e n t a l and 
f i n a n c i a l p r o b l e m s . S o c i a l w o r k e r s s p e c i f y t h e i r 
p r o b l e m ( s ) e t c . on t h e c e n s u s form 

CODE 

22 

23 

24 

25 

26 

27 

28 

29 

30 

OTHER ADULT CLIEN T S 

GROUP 

P r o s p e c t i v e and a p p r o v e d f o s t e r p a r e n t s o r p e r s o n s 
p r o p o s i n g t o adopt c h i l d r e n 

P r o s p e c t i v e p l a y g r o u p l e a d e r s and c h i l d m i n d e r s 

CODE 

31 

32 
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APPENDIX 1 : (Continued) - CLIENT GROUPS 

OTHER ADULT CLIENTS (Continued) 

GROUP CODE 

Ante and post n a t a l unmarried mothers and women 
requesting abortions 33 

Other adult c l i e n t s . S o c i a l workers s p e c i f y t h e i r 
problem(s) e t c . , on the census form 34 

CHILDREN AND YOUNG PERSONS 

GROUP CODE 

P h y s i c a l l y handicapped c h i l d r e n and young persons 35 

E d u c a t i o n a l l y handicapped c h i l d r e n and young persons 36 

Mentally handicapped c h i l d r e n and young persons 37 

Sever e l y mentally handicapped c h i l d r e n and young persons 38 

Emotionally d i s t u r b e d or emotionally impaired c h i l d r e n 
and young persons 39 

Abused c h i l d r e n and young persons NAI 40 

C h i l d r e n or young persons whose development and/or h e a l t h 
i s being or would be avoidably prevented or neglected i n 
t h e i r home s i t u a t i o n other than c h i l d r e n assigned to 
groups 35, 37, 38 or 40. 41 

C h i l d r e n or young persons who are beyond, or would be 
beyond p a r e n t a l c o n t r o l or who i r r e g u l a r l y attend school 
other than c h i l d r e n assigned to groups 35, 37, 38 or 40 42 

C h i l d r e n or young persons under L o c a l A u thority S u p e r v i s i o n 
or Care f o r reasons other than l i s t e d i n 35, 37, 38, 40, 
41, or 42. S o c i a l workers s p e c i f y these reasons on the 
census form 43 

C h i l d r e n and young persons s u f f e r i n g p a r e n t a l or 
environmental inadequacy i n s u f f i c i e n t to j u s t i f y the 
terms of groups 40, 41, 42 or 43. 44 

Other c h i l d r e n . S o c i a l Workers s p e c i f y t h e i r problemCs) 
e t c . , on the census form 45 
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APPENDIX 2 ; SERVICE GROUPS 

1. FIELDWORK SERVICES 

CODE 

Pr e l i m i n a r y a s s e s s m e n t / i n v e s t i g a t i o n by f i e l d s t a f f 01 

Immediate short-term c r i s i s i n t e r v e n t i o n by fieldwork 
s t a f f to protect the c l i e n t 02 

Explora t o r y casework by f i e l d s t a f f for f u r t h e r 
assessment 03 

Supportive r o l e f o r the longer term p r o t e c t i o n of the 
c l i e n t 04 

Ac t i v e involvement of f i e l d s t a f f with the c l i e n t with 
a p o s i t i v e end i n view 05 

A watching b r i e f to ensure that no c r i s i s develops or 
r e c u r s 06 

2. VOLUNTARY SERVICES 

V i s i t i n g by d i r e c t l y r e c r u i t e d volunteers 07 

V i s i t i n g by members of p r i v a t e Voluntary agencies 08 

3. OTHER SERVICES 

H a i r d r e s s i n g 09 

Laundry S e r v i c e f o r the incontinent 10 

4. SERVICES FOR ELDERLY AND/OR PHYSICALLY HANDICAPPED CLIENTS 

EXISTING SERVICES 

R e s i d e n t i a l 

Homes f o r the e l d e r l y - long stay 11 

Homes for the e l d e r l y - short s t a y 12 

Homes f o r p h y s i c a l l y handicapped 13 

Day Care 

Day Cen t r e s 14 

Day care w i t h i n homes for the e l d e r l y 15 
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APPENDIX 2 <*: (Continued) - SERVICE GROUPS 

SERVICES FOR ELDERLY AND/OR PHYSICALLY HANDICAPPED CLIENTS (Continued) 
EXISTING SERVICES 

CODE 

D o m i c i l i a r y 

Home Help 16 

Meals on Wheels 17 

Adaptations, S t r u c t u r a l A l t e r a t i o n s 18 

Aids 19 

Telephones - Rent a l s 20 

Telephones - I n s t a l l a t i o n s 21 

D o m i c i l i a r y Health S e r v i c e s e.g. Health V i s i t o r , 
Chiropody 22 

S p e c i a l i s t Fieldwork 
S t a f f Support 

Occupational Therapy 23 

C r a f t I n s t r u c t o r s 24 

Te c h n i c a l O f f i c e r S e r v i c e s - B l i n d 25 

T e c h n i c a l O f f i c e r S e r v i c e s - Deaf 26 

Ho s p i t a l based S o c i a l Work 27 

ADDITIONAL SERVICES 

Group l i v i n g schemes for the e l d e r l y 28 

Mobile Day Care Unit f o r the e l d e r l y 29 

Night S i t t i n g Schemes f o r elderly/handicapped 30 

Homes f o r P s y c h o g e r i a t r i c s 31 

Assessment Centres f o r the e l d e r l y 32 

Support Groups f o r r e l a t i v e s of p h y s i c a l l y 
handicapped c l i e n t s 33 
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APPENDIX 2 : (Continued) - SERVICE GROUPS 

SERVICES FOR MENTALLY HANDICAPPED AND/OR MENTALLY I L L CLIENTS (Continued) 

ADDITIONAL SERVICES 

CODE 

Homes for Mentally 111 46 

S p e c i a l Care U n i t s f o r M.H. attached to Adult T r a i n i n g 

Centres 47 

S p e c i a l Care U n i t s f o r M.I. 48 

Day Centres - Mentally Handicapped 49 

Day Centres - Mentally 111 50 

Occupational Therapy w i t h i n Homes f o r M.H. 51 

Support Groups f o r M.H. c l i e n t s ' r e l a t i v e s 

Pre-School Playgroups f o r Mentally Handicapped C h i l d r e n 53 

Holiday Playschemes f o r Mentally Handicapped C h i l d r e n 54 

In t e r m i t t a n t Short-term F o s t e r i n g f o r Mentally Handicapped 
C h i l d r e n ('to provide r e l i e f f o r c a r i n g parents) 55 

6. SERVICES FOR CLIENTS WITH RELATIONSHIP, ENVIRONMENTAL AND 
FINANCIAL PROBLEMS (FAMILY AND INDIVIDUAL) 

EXISTING SERVICES 

CODE 

Convalescent Home 56 

Family T r a i n i n g Unit 57 

Family Advice Centre 58 

Family S e r v i c e Unit 59 

Ho s p i t a l Based S o c i a l Work 60 

1963 P r e v e n t i v e and Supportive Family S e r v i c e s (money 
and/or m a t e r i a l a i d ) 

Home Helps 16 
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APPENDIX 2 : (Continued) - SERVICE GROUPS 

SERVICES FOR ELDERLY AND/OR PHYSICALLY HANDICAPPED CLIENTS (Continued) 

ADDITIONAL SERVICES 

CODE 

F o s t e r i n g of e l d e r l y c l i e n t s 34 

Weekday R e s i d e n t i a l Care only f o r elderly/handicapped 35 

Para-medic Half Way Care Units between P a r t I I I and 
G e r i a t r i c Care 36 

5. SERVICES FOR MENTALLY HANDICAPPED AND/OR MENTALLY I L L CLIENTS 

EXISTING SERVICES 

CODE 

R e s i d e n t i a l 

Homes for Mentally Handicapped Adults 37 

Homes for Mentally Handicapped C h i l d r e n 38 

Group L i v i n g Schemes - M.H. 39 

Group L i v i n g Schemes - M.I. 40 

Day Care 

Adult T r a i n i n g Centres 41 

Home Help 16 

Meals on Wheels 17 

D o m i c i l i a r y Health. S e r v i c e s e.g. Health V i s i t o r , 

Chiropody. 22 

Ho s p i t a l I n - P a t i e n t Treatment f o r M.I. 42 

Hos p i t a l Out-Patient Treatment f o r M.I. 43 

P s y c h i a t r i c Clubs 44 
S p e c i a l i s t Fieldwork 
S t a f f Support 

H o s p i t a l based S o c i a l Work 45 
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APPENDIX 2 : (Continued) - SERVICE GROUPS 

SERVICES FOR CLIENTS WITH RELATIONSHIP, ENVIRONMENTAL AND 
FINANCIAL PROBLEMS (FAMILY AND INDIVIDUAL) 

ADDITIONAL SERVICES 

CODE 

Welfare Rights S e r v i c e 62 

Hostel f o r Battered Wives 63 

Mother and Baby Home 64 

Treatment U n i t s f o r A l c o h o l i c s 65 

Abortion Counselling S e r v i c e 66 

P e r i p a t e t i c Home Helps f o r D o m i c i l i a r y Family T r a i n i n g 67 

Support Groups for S i n g l e Parent F a m i l i e s 68 

7. SERVICES FOR CHILDREN AND YOUNG PERSONS 

EXISTING SERVICES 

CODE 

R e s i d e n t i a l 

S t a t u t o r y care 69 

Voluntary c a r e 70 

Statu t o r y support 71 

Voluntary support 72 

Reception/Observation and Assessment Centre 73 

Family Group and Community Homes 74 

Community Homes with Education on premises 75 

Hostel f o r C h i l d r e n over School Age 76 

R e s i d e n t i a l Nursery 77 

Day Care 

Day Nursery 78 

Pre-School Playgroups 79 

Childminders 80 

S a l a r i e d Childminding Scheme 81 
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APPENDIX 2 : (Continued) - SERVICE GROUPS 

SERVICES FOR CHILDREN AND YOUNG PERSONS (Continued) 

EXISTING SERVICES 

CODE 

S p e c i a l i s t Fieldwork 
S t a f f Support 

School Based S o c i a l Work 82 

Hos p i t a l Based S o c i a l Work 27 

Other S e r v i c e s 

F o s t e r Homes 83 

Assessment/Recruitment of F o s t e r Parents 84 

P r o f e s s i o n a l F o s t e r Parent Scheme 85 

Intermediate Treatment - R e s i d e n t i a l 86 

Intermediate Treatment - other 87 

Adoption 88 

C h i l d Guidance 89 

S p e c i a l R e s i d e n t i a l Schooling 90 

ADDITIONAL SERVICES 

Secure Accommodation i n C.H.E's 91 

Intermediate Treatement Centre 92 

D o m i c i l i a r y Observation and Assessment 93 

F l a t s f o r Adolescents 94 

Programmes f o r C h i l d r e n Leaving Care 95 

Short. Term R e s i d e n t i a l I,T. P r o j e c t s 96 

R e s i d e n t i a l Treatment U n i t s f o r Disturbed 

Adolescents 97 

P e r i p a t e t i c Houseparents 98 

Mobile Day Nursery 99 
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APPENDIX 3 : CLIENT GROUPS (Revised t o 35 groups) 

ADULT PHYSICALLY HANDICAPPED CLIENTS BELOW 65 YEARS OF AGE 

( i n c l u d i n g i m p a i r e d h e a r i n g , b l i n d and p a r t i a l l y s i g h t e d c l i e n t s ) 

GROUP CODE 

Completely dependent adult c l i e n t s 01 

Adult c l i e n t s with a t l e a s t three p h y s i c a l handicaps 02 

Bli n d or p a r t i a l l y sighted adult c l i e n t s 03 

Adult c l i e n t s with impaired hearing 04 

Adult c l i e n t s unable to bathe and/or use the t o i l e t 
unaided 05 

Adult c l i e n t s unable to c l e a n t h e i r house and/or go 
out of t h e i r house unaided 

OR 

Adult c l i e n t s unable to cook adequately unaided 06 

Other p h y s i c a l l y handicapped adult c l i e n t s . S o c i a l 
workers s p e c i f y t h e i r problem(s) e t c . , on the 
census form 08 

CLIENTS ABOVE 65 YEARS OF AGE ('ELDERLY CLIENTS') 

( i n c l u d i n g impaired hearing, b l i n d and p a r t i a l l y sighted c l i e n t s ) . 

GROUP CODE 

Completely dependent e l d e r l y c l i e n t s i n c l u d i n g 

p s y c h o g e r i a t r i c c l i e n t s 09 

E l d e r l y c l i e n t s with at l e a s t three p h y s i c a l handicaps 10 

E l d e r l y b l i n d or p a r t i a l l y sighted c l i e n t s 11 

E l d e r l y c l i e n t s with impaired hearing 12 

E l d e r l y c l i e n t s unable to c l e a n t h e i r house and/or go 
out of t h e i r house unaided 14 

F r a i l e l d e r l y c l i e n t s , c l i e n t s unable to bathe and/or 
use the t o i l e t unaided, and c l i e n t s unable to 
cook adequately unaided 16 

Other e l d e r l y c l i e n t s . S o c i a l workers s p e c i f y t h e i r 
problem(s) e t c . , on the census form 17 
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APPENDIX 3 : (Continued) - CLIENT GROUPS (Revised to 35 groups) 

OTHER ADULT CLIENTS (Continued) 

GROUP 

Other adult c l i e n t s . C l i e n t s include prospective 
playgroup leaders and childminders and ante-
and p o s t - n a t a l unmarried mothers and women 
requesting abortions 

CODE 

34 

CHILDREN AND YOUNG PERSONS 

GROUP CODE 

P h y s i c a l l y handicapped c h i l d r e n and young persons 35 

Ed u c a t i o n a l l y handicapped c h i l d r e n and young persons 36 

Mentally handicapped c h i l d r e n and young persons 37 

Severely mentally handicapped c h i l d r e n and young persons 38 

Emotionally distrubed or emotionally impaired c h i l d r e n 
and young persons 39 

Abused c h i l d r e n and young persons NAI 40 

Chi l d r e n or young persons whose development and/or h e a l t h 
i s being or would be avoidably prevented or neglected i n 
t h e i r home s i t u a t i o n other than c h i l d r e n assigned to 
groups 35, 37, 38 or 40. 41 

Chil d r e n or young persons who are beyond, or would be 
beyond p a r e n t a l c o n t r o l or who i r r e g u l a r l y attend school 
other than c h i l d r e n assigned to groups 35, 37, 38 or 
40 42 

Chi l d r e n or young persons under L o c a l Authority Supervision 
or Care for reasons other than l i s t e d i n 35, 37, 38, 40, 
41, or 42. S o c i a l workers s p e c i f y these reasons on the 
census form 43 

Chi l d r e n and young persons s u f f e r i n g p a r e n t a l or 
environmental inadequacy i n s u f f i c i e n t to j u s t i f y the 
terms of groups 40, 41, 42 or 43. 44 

Other c h i l d r e n . S o c i a l Workers s p e c i f y t h e i r problem(s) 
e t c . , on the census form, 45 
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APPENDIX 3 : (continued) - CLIENT GROUPS (Revised to 35 groups) 

MENTAL HEALTH ADULT CLIENTS 

GROUP CODE 

Mentally i l l adult c l i e n t s 

OR 

Severely mentally i l l adult c l i e n t s 18 

Mentally sub-normal adult c l i e n t s 20 

Severely mentally sub-normal adult c l i e n t s 21 

ADULT CLIENTS WITH RELATIONSHIP, ENVIRONMENTAL AND FINANCIAL PROBLEMS 
('FAMILY CASEWORK') 

GROUP CODE 

Adult c l i e n t s v i o l e n t w i t h i n r e l a t i o n s h i p s with other 
a d u l t ( s ) 

OR 

Adult c l i e n t s with a non-violent but inadequate 
r e l a t i o n s h i p with partner, other adults or c h i l d r e n 23 

Adult persons hindering, n e g l e c t i n g or impairing the 
development and/or h e a l t h of t h e i r c h i l d r e n (excluding 
persons n o n - a c c i d e n t a l l y i n j u r i n g t h e i r c h i l d r e n or 
otherwise abusing t h e i r c h i l d r e n ) 25 

Adult c l i e n t s unable to pay b i l l s e t c . 28 

Adult c l i e n t s with m u l t i p l e r e l a t i o n s h i p , environmental 
and f i n a n c i a l problems. C l i e n t s include adult 
v i c t i m s of v i o l e n c e w i t h i n r e l a t i o n s h i p s with other 
a d u l t ( s ) . 29 

Other adult c l i e n t s with r e l a t i o n s h i p , environmental and 
f i n a n c i a l problems. C l i e n t s include homeless adults 
and adult persons n o n ^ a c c i d e n t a l l y i n j u r i n g or otherwise 
abusing c h i l d r e n . 30 

OTHER ADULT CLIENTS 

GROUP CODE 

Prospective and approved f o s t e r parents or persons 
proposing to adopt c h i l d r e n 31 
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APPENDIX 4 : SERVICE GROUPS (Revised to 45 codes) 

1. FIELDWORK SERVICES 

CODE 

Pre l i m i n a r y a s s e s s m e n t / i n v e s t i g a t i o n by f i e l d s t a f f 01 

Immediate short-term c r i s i s i n t e r v e n t i o n by fieldwork 
s t a f f to protect the c l i e n t 02 

Expl o r a t o r y casework by f i e l d s t a f f for f u r t h e r 
assessment 03 

Supportive r o l e f o r the longer term p r o t e c t i o n of the 
c l i e n t 04 

A c t i v e involvement of f i e l d s t a f f with the c l i e n t with 
a p o s i t i v e end i n view 05 

A watching b r i e f to ensure that no c r i s i s develops or 
r e c u r s 06 

VOLUNTARY SERVICES 

V i s i t i n g by d i r e c t l y r e c r u i t e d v o l unteers 07 

V i s i t i n g by members of p r i v a t e Voluntary agencies 08 

SERVICES FOR ELDERLY AND/OR HANDICAPPED CLIENTS 

R e s i d e n t i a l 

Homes f o r the e l d e r l y , long s t a y ; f o r p h y s i c a l l y 
and mentally handicapped a d u l t s ; group l i v i n g 
f o r M.H. 11 

Homes for the e l d e r l y , short stay; f o r mentally 

i l l ; group l i v i n g f o r M.I. 12 

Homes for mentally handicapped c h i l d r e n 38 

Day Care 

Day Centres 14 

Day care w i t h i n homes f o r the e l d e r l y 15 

D o m i c i l i a r y 

Home help, h a i r d r e s s i n g and laundry 16 

Meals on wheels 17 

Adaptations, s t r u c t u r a l a l t e r a t i o n s 18 

Aids 19 
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APPENDIX 4 : SERVICE GROUPS (Revised to 45 codes) (Continued) 

SERVICES FOR ELDERLY AND/OR HANDICAPPED CLIENTS (Continued) 

D o m i c i l i a r y CODE 

Telephones - r e n t a l s 20 
Telephones - i n s t a l l a t i o n s 21 

Do m i c i l i a r y h e a l t h s e r v i c e s , e.g. h e a l t h v i s i t o r , 
chiropody 22 

S p e c i a l i s t Fieldwork S t a f f Support 

Occupational Therapy 23 

C r a f t I n s t r u c t o r s 24 

T e c h n i c a l O f f i c e r S e r v i c e s - B l i n d 25 

Te c h n i c a l O f f i c e r S e r v i c e s - Deaf 26 

Ho s p i t a l based s o c i a l work, for adu l t s , c h i l d r e n and 

young persons 27 

Day care for mentally h a n d i c a p p e d / i l l 

H o s p i t a l i n - p a t i e n t treatment f o r M.I. 42 

Ho s p i t a l out-patient treatment for M.I. 43 

P s y c h i a t r i c c l u b s 44 

Add i t i o n a l S e r v i c e s 

A d d i t i o n a l s e r v i c e s f o r elderly/handicapped 28 

Ad d i t i o n a l s e r v i c e s f o r mentally h a n d i c a p p e d / i l l 49 

4. SERVICES FOR CLIENTS WITH RELATIONSHIP, ENVIRONMENTAL 
AND FINANCIAL PROBLEMS (JAMILY AND INDIVIDUAL) 

E x i s t i n g s e r v i c e s , except home helps 56 

Add i t i o n a l s e r v i c e s 62 
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APPENDIX 4 : SERVICE GROUPS (Revised to 45 codes) (Continued) 

5. SERVICES FOR CHILDREN AND YOUNG PERSONS 
CODE 

R e s i d e n t i a l 

Voluntary care 70 

St a t u t o r y care and support 71 

Voluntary support 72 

Family group and community homes 74 

Community homes with education on premises 75 

Hostel for c h i l d r e n over school age 76 

N u r s e r i e s , playgroups and childminding 79 

Other S e r v i c e s 

F o s t e r homes and f o s t e r parent scheme 83 

Assessment/recruitment of f o s t e r parents 84 

Adoption 88 

S p e c i a l r e s i d e n t i a l schooling 90 

Secure accommodation i n C.H.E's 91 

Reception/observation and assessment centre, 
intermediate treatment-, c h i l d guidance 
and a d d i t i o n a l s e r v i c e s 73 
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APPENDIX 5 Complete a n a l y s i s of numbers of c l i e n t s i n each of 
35 groups r e c e i v i n g each of 45 s e r v i c e s 
( i ) C l i e n t groups 1 t o 6 

C l i e n t group 
S i z e 

S e r v i c e s . 

1 
83 

2 
169 

3 
291 

4 
101 

5 
39 

6 
i l l 

C l i e n t group 

S e r v i c e N . 

1 2 3 4 5 6 

1 14 25 15 0 20 21 27 1 6 1 90 1 1 
2 3 3 17 1 0 5 28 13 18 9 1 5 21 
3 2 3 5 0 8 7 38 1 0 1 0 0 0 
4 20 29 36 73 1 19 42 1 0 1 0 0 0 
5 8 6 9 4 2 9 43 0 2 1 0 0 0 
6 15 33 113 16 3 30 44 1 0 1 1 0 0 
7 3 3 0 0 0 4 49 0 0 1 0 0 0 
8 0 2 11 0 0 0 56 0 0 1 0 0 0 

11 4 2 5 1 1 2 62 1 1 1 2 0 1 
12 1 1 2 1 1 3 70 0 0 0 0 0 0 
14 6 7 29 4 0 6 71 0 0 0 0 0 0 
15 7 27 46 1 2 4 72 0 0 1 0 1 0 
16 0 0 2 0 0 4 73 0 0 0 0 0 1 
17 17 37 62 6 2 42 74 0 0 0 0 0 0 
18 4 8 29 3 1 15 75 0 0 0 0 0 0 
19 23 68 17 0 21 16 76 0 0 0 0 0 0 
20 46 101 78 49 28 51 79 0 0 0 0 0 0 
21 9 13 7 0 0 10 83 0 0 0 0 0 0 
22 4 12 7 1 0 4 84 0 0 0 0 0 0 
23 22 39 19 0 2 21 88 0 0 1 0 0 1 
24 10 55 17 0 10 3 90 0 0 0 0 0 0 
25 6 28 34 2 1 14 91 0 0 2 0 0 0 
26 3 21 242 1 0 2 T o t a l 245 823 110 

" S e r v i c e r e c e i p t s " 550 257 317 
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APPENDIX 5 Complete a n a l y s i s of numbers of c l i e n t s i n each of 
35 groups r e c e i v i n g each of 45 s e r v i c e s 
( i i > l i e n t groups O l> KJ -L d l l U J. r t 

C l i e n t group 8 9 10 11 12 14 C l i e n t group 8 9 10 11 12 14 
S i z e 216 226 190 301 64 125 \ 

S e r v i c e s . S e r v i c e S . 

1 67 11 24 10 1 23 27 0 0 0 4 47 0 
2 16 6 9 49 1 21 28 16 96 27 5 4 38 
3 3 10 4 27 1 3 38 0 1 0 0 0 0 
4 62 46 51 46 25 11 42 1 0 0 0 0 0 
5 14 8 9 9 5 7 43 0 5 1 2 0 1 
6 47 29 20 147 25 23 44 0 1 0 0 0 1 
7 5 3 2 3 1 3 49 0 0 0 0 0 0 
8 3 1 5 3 0 1 56 0 0 0 1 0 1 

11 4 42 4 23 4 6 62 2 1 0 0 0 1 
12 5 7 9 5 1 4 70 0 0 0 0 0 0 
14 8 53 16 29 15 8 71 0 0 0 0 0 0 
15 24 7 17 18 10 9 72 0 0 0 0 0 0 
16 2 10 3 5 2 3 73 2 0 0 0 0 1 
17 38 52 88 97 23 78 74 0 0 0 0 0 0 
18 9 69 35 56 12 35 75 0 0 0 0 0 0 
19 36 20 64 4 2 8 76 0 0 0 0 0 0 
20 72 49 106 110 26 42 79 1 0 0 0 0 0 
21 16 5 18 5 0 13 83 0 0 0 0 0 0 
22 20 4 16 5 0 6 84 0 0 0 0 0 0 
23 22 23 31 28 11 41 88 0 0 0 0 0 0 
24 14 24 50 5 2 6 90 0 0 0 0 0 0 
25 11 54 7 13 0 4 91 0 0 0 0 0 0 
26 0 3 2 194 1 3 T o t a l 520 618 219 

" S e r v i c e r e c e i p t s " 640 903 401 
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APPENDIX 5 Complete a n a l y s i s of numbers of c l i e n t s i n each of 
35 groups r e c e i v i n g each of 45 s e r v i c e s 
( i i i ) C l i e n t groups 16. 1.7, 18. 20. 21, 23 

C l i e n t group 16 17 18 20 21 23 C l i e n t group 16 17 18 20 21 23 
S i z e 424 250 572 360 49 302 

Serviced. S e r v i c e * * ^ 

1 48 89 56 4 0 29 27 1 2 24 5 1 1 
2 18 15 33 3 2 11 28 90 26 191 50 8 14 
3 7 5 32 7 1 24 38 0 0 0 82 16 0 
4 79 59 162 125 19 103 42 0 0 4 178 19 0 
5 26 31 57 24 2 88 43 0 2 111 13 9 0 
6 142 52 188 190 15 116 44 1 1 217 22 2 6 
7 7 3 3 1 0 0 49 0 0 24 2 1 0 
8 11 7 2 0 0 2 56 0 2 2 2 0 6 

11 16 0 1 14 2 0 62 0 0 14 5 0 22 
12 24 5 5 5 4 0 70 1 0 0 3 1 0 
14 47 17 10 2 0 0 71 0 0 0 5 0 0 
15 21 11 8 1 0 1 72 0 0 1 2 0 7 
16 11 4 6 2 0 0 73 0 1 17 19 0 19 
17 232 70 30 6 2 1 74 0 0 0 1 0 0 
18 128 39 6 2 1 0 75 0 0 0 1 0 0 
19 38 7 2 1 4 0 76 0 0 0 0 0 0 
20 107 28 6 2 6 0 79 0 0 0 1 1 1 
•21 19 5 4 0 1 0 83 0 1 2 3 0 1 
22 9 5 2 0 1 0 84 0 0 0 1 0 0 
23 84 26 42 5 1 2 88 0 0 0 0 0 0 
24 31 9 3 0 1 1 90 0 0 0 0 0 2 
25 4 4 14 1 0 0 91 1 0 0 0 0 0 
26 2 0 0 1 0 0 T o t a l 1205 1279 120 

S e r v i c e r e c e i p t s " 526 791 457 
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APPENDIX 5 Complete a n a l y s i s o f numbers of c l i e n t s i n each o f 
35 groups r e c e i v i n g each o f 45 s e r v i c e s 
( i v ) C l i e n t groups 25, 2 8 - 3 1 , 34 

C l i e n t group 
Size 

S e r v i c e ^ v ^ 

25 
86 

28 
157 

29 
274 

30 
363 

31 
300 

34 
354 

C l i e n t group 

S e r v i c e ^ V ^ 

25 28 29 30 31 34 

1 3 48 20 51 50 64 27 0 0 0 0 0 0 
2 3 28 18 17 0 5 28 0 4 4 11 1 68 
3 8 3 10 9 16 15 38 0 0 0 2 0 0 
4 30 31 138 157 71 75 42 0 0 0 0 0 0 
5 34 37 82 80 127 51 43 0 0 1 0 0 0 
6 51 46 103 121 70 114 44 1 0 6 9 0 1 
7 1 0 5 2 0 2 49 0 0 0 0 0 0 
8 3 3 3 8 4 4 56 3 7 8 14 0 7 

11 0 0 0 1 0 0 62 10 23 72 59 2 22 
12 0 0 0 0 0 0 70 0 0 0 0 9 0 
14 1 1 0 1 0 0 71 0 0 2 7 0 3 
15 0 0 0 0 0 0 72 0 4 6 1 43 13 
16 0 0 0 0 0 0 73 9 6 36 56 16 30 
17 1 0 6 5 1 3 74 0 0 0 0 0 0 
18 0 0 0 0 0 0 75 0 0 0 0 0 0 
19 0 0 0 0 0 0 76 0 0 0 0 0 0 
20 0 0 0 1 0 1 79 0 0 1 2 0 3 
21 0 0 1 0 0 0 83 0 0 24 2 5 12 
22 0 0 0 0 0 0 84 0 0 0 0 12 0 
23 6 7 15 29 7 12 88 0 0 0 0 0 0 
24 0 0 0 0 0 0 90 0 0 1 2 6 0 
25 0 0 0 1 0 0 91 0 0 0 1 0 0 
26 1 1 1 0 0 0 T o t a l 165 563 440 

S e r v i c e r e c e i p t s " 249 649 505 
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APPENDIX 5 Complete a n a l y s i s o f numbers of c l i e n t s i n each of 
35 groups r e c e i v i n g each o f 45 s e r v i c e s 
( v ) C l i e n t groups 35 - 40 

C l i e n t group 35 36 37 38 39 40 C l i e n t group 35 36 37 38 39 40 
Size 52 150 86 92 169 139 

S e r v i c e \ ^ S e r v i c e ^ s ^ 

1 15 4 5 1 6 3 27 2 0 0 1 0 0 
2 0 0 1 3 5 5 28 8 2 13 54 21 1 
3 5 8 1 1 16 5 38 0 1 3 0 0 0 
4 13 119 29 12 85 80 42 1 0 7 3 0 0 
5 3 54 12 5 72 39 43 0 0 8 46 13 0 
6 14 26 39 15 40 46 44 0 1 6 10 2 0 
7 0 0 1 0 0 1 49 0 0 1 5 0 1 
8 1 0 1 3 18 1 56 0 1 0 0 2 0 

11 0 0 1 0 0 0 62 1 4 3 0 4 19 
12 0 1 18 6 3 0 70 1 6 4 5 16 43 
14 1 0 0 0 0 0 71 1 5 5 2 7 4 
15 1 0 0 0 0 0 72 3 10 3 3 6 15 
16 0 0 0 0 0 0 73 3 66 9 6 37 39 
17 0 0 0 1 0 2 74 0 1 1 0 4 2 
18 0 0 0 1 0 0 75 0 1 0 2 11 11 
19 16 0 3 4 0 0 76 0 2 0 0 2 0 
20 22 0 5 3 0 0 79 3 3 1 2 3 17 
21 0 0 1 0 0 0 83 1 111 2 0 46 4 
22 2 0 1 0 0 0 84 1 3 4 4 4 23 
23 6 0 3 5 1 22 88 1 0 1 1 3 0 
24 12 0 1 1 0 0 90 2 5 3 1 30 6 
25 0 0 0 0 0 0 91 9 63 9 2 32 2 
26 2 0 0 1 0 0 T o t a l 150 205 489 

"Se r v i c e r e c e i p t s " 497 209 391 
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APPENDIX 5 Complete a n a l y s i s o f numbers o f c l i e n t s i n each o f 
35 groups r e c e i v i n g each o f 45 s e r v i c e s 
( v i l C l i e n t groups 41-45 and s e r v i c e t o t a l s f o r a l l c l i e n t s 

C l i e n t groups 41 42 43 44 45 T o t a l s Group 41 42 43 44 45 T o t a l s 
Size 282 320 645 536 247 f o r a l l 

c l i e n t s \ f o r a l l 
c l i e n t s 

S e r v i c e ^ x 8125 X 
Servic :e 

1 10 31 9 60 50 887 27 0 0 0 1 3 192 
2 3 10 5 19 4 339 28 1 1 1 6 7 835 
3 6 33 28 21 7 341 38 0 0 0 0 0 107 
4 135 109 376 243 80 2749 42 0 0 1 0 0 216 
5 76 130 180 74 29 1403 43 0 0 0 0 0 215 
6 60 93 177 247 96 2562 44 1 1 3 0 0 295 
7 0 0 1 1 0 55 49 0 0 0 0 0 35 
S 7 1 7 5 2 119 56 3 0 1 24 0 85 

11 0 0 0 0 0 133 62 13 14 15 41 22 375 
12 0 0 0 1 0 112 70 129 110 212 18 10 568 
14 0 0 0 0 0 261 71 35 25 66 24 11 202 
15 0 0 1 0 0 216 72 32 57 304 31 17 560 
16 0 0 0 1 0 55 73 13 39 18 162 65 670 
17 1 0 0 2 2 907 74 5 19 12 0 1 46 
18 0 0 0 0 0 453 75 61 31 50 5 2 175 
19 0 0 1 0 0 355 76 5 35 49 1 0 94 
20 0 0 1 1 3 944 79 20 5 12 51 3 130 
21 0 0 0 0 0 127 83 25 26 17 31 2 315 
22 0 0 0 0 0 99 84 100 8 110 18 12 300 
23 13 0 7 41 13 606 88 1 24 34 9 0 76 
24 0 0 0 0 0 255 90 6 15 21 15 3 118 
25 0 0 0 0 0 198 91 22 6 8 3 4 164 
26 0 0 0 0 0 481 T o t a l 783 1727 448 

t S e r v i c e r e c e i p t s " 823 1156 19430 

N.B. The d i s c r e p a n c y o f 18 " S e r v i c e r e c e i p t s " between t h e t o t a l here and t h a t 
i n F i g u r e 5.2.4 i s due t o d u p l i c a t i o n s i n s e r v i c e s , caused by t h e 
m e r g i n g o f s e r v i c e s f r o m 99 t o 45 codes. 
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APPENDIX 6 C l u s t e r A n a l y s i s methods u s i n g CLUSTAN package 

p/^t.-r* c l ' l s t G r i n T T ms ° ̂  c ° ^ a H p t j c i 1 ! h^n H n + 1 1 ^ 0 * 

( i ) Ward's h i e r a r c h i c a l method 

( i i ) r e l o c a t i o n method u s i n g Ward's c l a s s i f i c a t i o n 

( i i i ) r e l o c a t i o n method u s i n g a random s t a r t 

( i v ) d e n s i t y method 

( i ) Ward's h i e r a r c h i c a l method 

The method s t a r t s w i t h N c l u s t e r s , each of which i s a s i n g l e 

i n d i v i d u a l ( i . e . r e c e i v i n g a package o f c a r e ) , numbered 

a c c o r d i n g t o the i n p u t o r d e r . A s i m i l a r i t y m a t r i x i s produced 

by r o u t i n e CORREL which c a l c u l a t e s s i m i l a r i t y c o e f f i c i e n t s 

S ( i , k ) f o r a l l p o s s i b l e p a i r s o f c l u s t e r s i and k as 

f o l l o w s : 

S ( i , k ) = B + C where A = No.of a t t r i b u t e s ( o r s e r v i c e s ) 
A+B+C+D common t o b o t h c l u s t e r s i and k, 

B = No. o f a t t r i b u t e s ( o r s e r v i c e s ) 
p r e s e n t i n i , absent from k, 

C = No. o f a t t r i b u t e s ( o r s e r v i c e s ) 
absent from i , p r e s e n t i n k, 

D = No. o f a t t r i b u t e s ( o r s e r v i c e s ) 
absent from b o t h 

and A+B+C+D = t o t a l No. o f a t t r i b u t e s . 

Then, i n each o f ( N - l ) f u s i o n c y c l e s , the two c l u s t e r s which 

are most s i m i l a r ( i . e . whose s i m i l a r i t y c o e f f i c i e n t i s s m a l l e s t ) 

are f u s e d , the r e s u l t a n t u n i o n c l u s t e r b e i n g l a b e l l e d w i t h t h e 

l e s s e r o f the two codes o f i t s c o n s t i t u e n t c l u s t e r s . The 

f u s i o n h i e r a r c h y i s produced by means o f a c o m b i n a t o r i a l 

t r a n s f o r m a t i o n o f the s i m i l a r i t y c o e f f i c i e n t s from t h e s i m i l a r i t y 

m a t r i x , as f o l l o w s : 

When P and Q are t h e c l u s t e r s t o be f u s e d , then the 

s i m i l a r i t y S(R,P+Q) between any c l u s t e r R and t h e 
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APPENDIX 6 ( c o n t i n u e d ) 

new c l u s t e r (P+Q) i s g i v e n by 

S(R,P+Q) = (NR + NP) . S(R,P) + (NR + NQ). S(R,Q) - NR. . S(P,Q) 
ViiR+NP+NQ) v. NR-rNP-rNQ) (NR-fNP-rNQ) 

where NR,NP,NQ are c l u s t e r s i z e s of R,P and Q r e s p e c t i v e l y . 

The method completes a l l ( N - l ) f u s i o n s and the user may s e l e c t 

which o f these are t o be p r i n t e d , i . e . how many c l u s t e r s are t o 

be c o n s t r u c t e d . 

( i i ) R e l o c a t i o n method u s i n g Ward's c l a s s i f i c a t i o n 

The method s t a r t s w i t h a c l a s s i f i c a t i o n o f the p o p u l a t i o n o f 

N i n d i v i d u a l s ( i . e . r e c e i v i n g packages o f c a r e ) i n t o k 

c l u s t e r s and then c o n s i d e r s each i n d i v i d u a l i n t u r n , 

computing i t s s i m i l a r i t i e s w i t h a l l k c l u s t e r s . I f t he 

s i m i l a r i t y between an i n d i v i d u a l X and i t s p a r e n t c l u s t e r 

P i s l e s s than the s i m i l a r i t y between X and another c l u s t e r 

Q then X i s moved from c l u s t e r P t o c l u s t e r Q. The p o p u l a t i o n 

i s r e p e a t e d l y scanned u n t i l no o b j e c t s are r e l o c a t e d d u r i n g 

one f u l l scan, when a l o c a l optimum s o l u t i o n f o r k c l u s t e r s 

i n terms o f the s i m i l a r i t y f u n c t i o n S w i l l have been o b t a i n e d . 

(S i s c a l c u l a t e d as i n r o u t i n e CORREL, d e s c r i b e d i n ( i ) above). 

T h i s l o c a l optimum may not be t h e g l o b a l optimum, b u t i f t h e 

same r e s u l t i s achieved from s e v e r a l d i f f e r e n t s t a r t i n g 

c l a s s i f i c a t i o n s then the p r o b a b i l i t y i s h i g h t h a t t h e g l o b a l 

s o l u t i o n has been o b t a i n e d . 

Next, s i m i l a r i t i e s between a l l p a i r s of c l u s t e r s are computed 

and those two c l u s t e r s which are most s i m i l a r are f u s e d , 

g i v i n g ( k - 1 ) c l u s t e r s . Again a l o c a l optimum i s found f o r 

these (k-1) c l u s t e r s , then f u s i o n t o (k-2) c l u s t e r s , e t c . 
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APPENDIX 6 ( c o n t i n u e d ) 

When Ward's c l a s s i f i c a t i o n i s used as the s t a r t i n g p o i n t , 
the computer package r e q u i r e s the HIERARCHY procedure t o be 
completed b e f o r e t h e RELOCATE procedure i s used. 

( i i i ) R elocate method u s i n g a random s t a r t 

The method i s e x a c t l y the same as d e s c r i b e d i n ( i i ) above exept 

t h a t i n s t e a d o f r e q u i r i n g the procedure HIERARCHY t o precede 

RELOCATE, the RELOCATE procedure i t s e l f c o l l e c t s k c l u s t e r s at 

random from the i n i t i a l p o p u l a t i o n o f N i n d i v i d u a l s ( i . e . 

packages o f c a r e ) . 

( i v ) D e n s i t y method 

Th i s method a l s o uses t h e s i m i l a r i t y m a t r i x produced by r o u t i n e 

CORREL, i . e . s i m i l a r i t y c o e f f i c i e n t s ( c a l l e d " d i s t a n c e 

c o e f f i c i e n t s " ) f o r a l l p o s s i b l e p a i r s o f c l u s t e r s . CORREL 

then computes k - l i n k a g e l i s t s , i . e . l i s t s o f t h e n e a r e s t 

neighbours f o r a l l N i n d i v i d u a l s . The DENSITY procedure 

s e l e c t s monotonic i n c r e a s i n g r a d i i R t o d e f i n e s p h e r i c a l 

neighbourhoods o f p o i n t s which, f o r a f i x e d v a l u e o f k, have 

monotonic i n c r e a s i n g d e n s i t y . Any c l u s t e r t h a t i s i s o l a t e d i s 

ta k e n t o r e p r e s e n t t he nucleus o f a mode, and such groupings 

o f p o i n t s are p e r m i t t e d t o grow t h r o u g h t h e a d d i t i o n o f new 

p o i n t s as t h e d e n s i t y t h r e s h o l d decreases. The d e n s i t y e s t i m a t e 

i s t he average o f the ( 2 k - l ) l e a s t d i s t a n c e s . T h i s assumes 

t h a t t he t r u e d e n s i t y i n the l o c a l neighbourhood o f the p o i n t 

i s e i t h e r changing l i n e a r l y o r u n i f o r m l y ; a t a mode t h e r r e s t i m a t e 

i s t o o l a r g e , w h i l e a t a saddle i t i s too s m a l l . Hence the e f f e c t 

i s t o l e v e l o f f t he modes and saddles o f the d i s t r i b u t i o n t h us 

p r o v i d i n g a smooth range o f e s t i m a t e s f o r i n c r e a s i n g values o f k. 

The r e s u l t i n g d e n s i t y e s t i m a t e s are p r i n t e d i n d e c r e a s i n g o r d e r . 
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APPENDIX 7. Example of use o f Ward s h i e r a r c h i c a l method o f c l u s t e r 
a n a l y s i s 

-See Appendix 6 ( i ) f o r s. b r i e f d e s c r i p t i o n o f Ward's h i e r a r c h i c a l 
method. 

The example used c o n t a i n s f i v e c l i e n t s , each r e c e i v i n g a d i f f e r e n t 
package o f care made up o f a s e l e c t i o n from f i v e s e r v i c e s , codes 
15,16,17,20 and 22. 

Thus, c l i e n t 1 r e c e i v e s s e r v i c e s 15,16,17,20; 
c l i e n t 2 " " 15,17,22; 
c l i e n t 3 " " 15,16; n 

i . e . i n i t i a l l y 
c l i e n t 4 " " 16,22; 5 c l u s t e r s 
c l i e n t 5 " " 17,20 

Step 1 

S i m i l a r i t y c o e f f i c i e n t s f o r a l l p o s s i b l e p a i r s o f c l u s t e r s are 
c a l c u l a t e d : 

S ( l , 2 ) =5 2 + 1 = 3 S(2,3) = 2 + 1 = 3 S(3,4) = 1 + 1 = 2 
5 5 5 5 5 5 

S ( l , 3 ) 

S ( l , 4 ) 

S ( l , 5 ) 

= 2 + 0 = 
5 

= 3 + 1 = 
5 

= 2 + 0 = 

S(2,4) = 2 + 1 = 3_ 
5 5 

S(2,5) = 2 + 1 = 3 
5 5 

S(3,5) = 2 + 2 = 4 
5 5 

S(4,5) = 2 + 2 = 4 
5 5 

The s m a l l e s t s i m i l a r i t y c o e f f i c i e n t i s 2 , r e p r e s e n t e d 
5 

by S ( l , 3 ) or S ( l , 5 ) or S ( 3 , 4 ) . 

T a k i n g the f i r s t o f these, fuse c l u s t e r s 1 and 3. 

The new c l u s t e r w i l l c o n t a i n s e r v i c e s 15 16 17 20 
i n percentages 100 100 50 50 

which shows t h a t a l l c l i e n t s i n the o r i g i n a l c l u s t e r s 1 and 3 
r e c e i v e d s e r v i c e s 15 and 16 but o n l y h a l f r e c e i v e d s e r v i c e s 
17 and 20. 
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APPENDIX 7 (Continued) 
Step 2 

New s i m i l a r i t y c o e f f i c i e n t s are c a l c u l a t e d : 

S ( 2 , l + 3 ) = 2. S ( 2 , l ) + 2. S(2,3) - I. S ( l , 3 ) 
3 3 3 

= 2.3 + 2.3 - 1.2 
3 5 3 5 3 5 

= 2 
3 

S ( 4 , l + 3) = 2. S ( 4 , l ) + 2. S(4,3) - 1. S ( l , 3 ) 
3 3 3 

= 2.4 + 2.2 - 1..2 
3 5 3 5 3 5 

= 2 
3 

S ( 5 , l + 3) = 2. S ( 5 , l ) + 2. S(5,3) - 1. S ( l , 3 ) 
3 3 3 

= 2.2 + 2.4 - 1.2 
3 5 3 5 3 5 

= 2 
3 

The s m a l l e s t s i m i l a r i t y c o e f f i c i e n t i s now 2, r e p r e s e n t e d 
3 

by S(2,4) or S(2,5) o r S ( 2 , l + 3) or S ( 4 , l + 3) or S ( 5 , l + 3). 

T a k i n g t h e f i r s t o f t h e s e , fuse c l u s t e r s 2 and 4. 

The new c l u s t e r w i l l c o n t a i n s e r v i c e s 15 16 17 22 

i n percentages 50 50 50 100 

which shows t h a t a l l c l i e n t s i n t h e o r i g i n a l c l u s t e r s 2 and 4 
received s e r v i c e 22 but o n l y h a l f r e c e i v e d s e r v i c e s 15, 16 and 
17. 
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APPENDIX 7 (Continued) 
Step 3 

New s i m i l a r i t y c o e f f i c i e n t s are c a l c u l a t e d : 

S ( l + 3, 2 + 4) = 3̂ . S ( l + 3,2) + 3. S ( l + 3,4) - 2. S(2,4) 
4 4 4 

= 3.2 + 3.2 - 2.3 
4 3 4 3 4 5 

= 7 
10 

S(5,2 + 4) = 2 . S(5,2) + 2. S(5,4) - JL S(2,4) 
3 3 3 

2.3 + 2.4 - 1.3 
3 5 3 5 3 5 

11 
15 

The s m a l l e s t s i m i l a r i t y c o e f f i c i e n t i s now 2, r e p r e s e n t e d 
3 

by S ( 5 , l + 3 ) , so fuse c l u s t e r s 5 and ( 1 + 3 ) . 

The new c l u s t e r w i l l c o n t a i n s e r v i c e s 15 16 17 20 

i n percentages 67 67 67 67 

which shows t h a t t w o - t h i r d s o f the c l i e n t s i n the o r i g i n a l 
c l u s t e r s r e c e i v e d each o f these s e r v i c e s . 

Thus, the sequence o f merging i n t h i s example i s : 

f i r s t c l u s t e r s 1 and 3, 
then c l u s t e r s 2 and 4, 
t h e n 5 and 1 and 3 e t c . 

- 320 -



APPENDIX 8 

CLUSTAN C.P.U. TIMES (SECONDS) 

C,P . II. V. NO. OF CASES ANALYSED 
time 4\ 
(sees) 

500 

450 

400 

350 

300 

250 

200 

150 

100 

50 

— , , , , , , — 
0 100 200 300 400 500 600 

> 
No. o f cases 
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APPENDIX 9 Sample KS1 : comparison o f c l i e n t group s i z e s 
w i t h o r i g i n a l Cendat d a t a . Chi-squared t e s t . 

( i ) C l i e n t group s i z e s 

(a) I n sample KS1, i . e . "Observed " values , Oi 
(b) I n o r i g i n a l Cendat d a t a , d i 
(c ) "Expected" v a l u e s , E i = d i x 1015 

8125 

Group i 01 d i E i Group i Oi d i E i 
1 9 83 10.37 25 11 86 10.74 
2 15 169 21.11 28 18 157 19.61 
3 38 291 36.35 29 35 274 34.23 
4 11 101 12.62 30 41 363 45.35 
5 6 39 4.87 31 40 300 37.48 
6 18 111 13.87 34 50 354 44.22 
8 26 216 26.98 35 5 52 6.50 
9 24 226 28.23 36 20 150 15.74 

10 21 190 23.74 37 12 86 10.74 
11 37 301 37.60 38 9 92 11.49 
12 10 64 8.00 39 23 169 21.11 
14 13 125 15.62 40 17 139 17.36 
16 57 424 52.97 41 43 282 35.23 
17 35 250 31.23 42 45 320 39.98 
18 81 572 71.46 43 78 645 80.58 
20 41 360 44.97 44 63 536 66.96 
21 10 49 6.12 45 21 247 30.86 
23 32 302 37.73 T o t a l 1015 8125 1015.02 
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APPENDIX 9 (Continued) 

( i i ) Chi-squared t e s t 
Ho: D i s t r i b u t i o n of group s i z e s i n sample KSl i s the same 

as d i s t r i b u t i o n o f group s i z e s i n Cendat d a t a . 
H i : D i s t r i b u t i o n s d i f f e r e n t . 

Sample s i z e = 35: 34 degrees of freedom 
Choose s i g n i f i c a n c e l e v e l o f 5%. 

OC*Q, 05,34 i s between 0.05,30 43.8 

d O/2 

A-0.05,40 55.8 (Reference4Z: 
Murdoch & Barnes 
S t a t i s t i c a l T a bles) 

C a l c u l a t e (0 E.) 19.98 

l E i 

T h i s i s n o t i n t h e c r i t i c a l r e g i o n 
Accept Ho, 

and Conclude t h a t the d i s t r i b u t i o n o f group s i z e s i n 
sample KSl i s the same as t h e d i s t r i b u t i o n o f group 
s i z e s i n Cendat d a t a . 

323 -



APPENDIX 10 A n a l y s i s o f C h e s t e r - l e - S t r e e t d i s t r i c t 
Numbers o f c l i e n t s i n each o f 35 groups r e c e i v i n g 
r e c e i v i n g each of 45 s e r v i c e s 
( i ) C l i e n t groups 1 t o 6 

C l i e n t group 1 2 3 4 5 6 C l i e n t group 1 2 3 4 5 6 
Size 1 8 23 13 0 6 

S e r v i c e ^ N w Servicer's. 

1 1 1 2 2 27 13 
2 1 1 28 
3 1 38 
4 2 18 4 42 
5 1 4 1 43 
6 2 2 3 1 44 1 
7 49 
8 56 

11 62 1 1 2 
12 70 
14 3 71 
15 1 13 1 72 
16 73 1 
17 2 6 2 1 74 
18 2 1 1 75 
19 3 1 76 
20 1 4 14 5 3 79 
21 83 
22 2 84 
23 1 3 4 88 1 
24 1 90 
25 1 10 1 91 
26 21 1 T o t a l 4 97 0 

" S e r v i c e r e c e i p t s " 25 36 14 

- 324 -



APPENDIX 10 A n a l y s i s o f C h e s t e r - l e - S t r e e t d i s t r i c t 
Numbers of c l i e n t s i n each o f 35 groups r e c e i v i n g 
each o f 45 s e r v i c e s 
( i i ) C l i e n t groups 8 t o 12 and 14 

C l i e n t group 8 9 10 11 12 14 C l i e n t group 8 9 10 11 12 14 
Size 23 3 5 3 4 5 

S e r v i c e s ^ S e r v i c e ^ s ^ 

1 18 1 1 1 2 27 2 
2 1 28 1 1 
3 1 38 
4 3 1 1 1 42 
5 1 1 2 43 
6 1 1 1 1 2 3 44 
7 49 
8 56 

11 1 1 62 
12 70 
14 1 1 1 1 71 
15 4 72 
16 73 
17 1 2 3 2 3 74 
18 1 1 2 2 3 75 
19 2 76 
20 4 1 2 2 1 79 
21 1 83 
22 1 84 
23 1 2 1 1 88 
24 90 
25 2 91 
26 1 T o t a l 41 13 10 

" S e r v i c e r e c e i p t s " 11 9 16 
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APPENDIX 10 A n a l y s i s o f C h e s t e r - l e - S t r e e t d i s t r i c t 
Numbers o f c l i e n t s i n each o f 35 groups r e c e i v i n g 
each o f 45 s e r v i c e s 
( i i i ) C l i e n t groups 16,17,18,20,21,23 

C l i e n t group 15 17 18 20 21 23 C l i e n t group 16 17 18 20 21 23 
Size 21 16 56 10 1 58 

S e r v i c e r s . S e r v i c e d . 

1 2 10 5 6 27 1 3 1 
2 1 2 2 28 1 1 
3 1 3 6 38 2 
4 3 18 6 18 42 2 
5 6 1 5 1 13 43 6 
6 9 4 22 4 13 44 1 1 27 2 
7 1 49 2 
8 1 1 56 

11 1 62 1 6 
12 2 3 70 
14 2 1 3 71 
15 1 3 1 72 2 
16 1 73 1 4 1 
17 9 6 4 74 
18 8 3 2 75 
19 1 76 
20 9 2 2 79 
21 1 1 83 
22 1 1 84 
23 9 2 8 88 
24 1 1 90 
25 91 
26 T o t a l 66 126 3 

" S e r v i c e r e c e i p t s " 32 18 73 

- 326 -



APPENDIX 10 A n a l y s i s of C h e s t e r - l e - S t r e e t d i s t r i c t 
Numbers o f c l i e n t s i n each of 35 groups r e c e i v i n g 
each o f 45 s e r v i c e s 
( i v ) C l i e n t groups 25,28-31,34 

C l i e n t group o c *J 28 29 30 31 34 C l i e n t Group 25 28 29 30 31 34 
^ s . Size 7 13 49 46 32 52 \ 

Servicers. S e r v i c e r s . 

1 3 5 10 9 15 27 
2 1 1 3 6 28 1 
3 6 4 1 38 
4 2 2 25 13 13 6 42 
5 2 7 8 7 6 5 43 
6 2 1 9 10 1 25 44 1 1 2 
7 49 
8 56 1 1 

11 62 2 1 16 11 4 
12 70 
14 71 
15 72 2 2 2 
16 73 3 2 1 
17 1 74 
18 75 
19 76 
20 79 3 
21 1 83 1 
22 84 1 
23 2 4 1 1 88 
24 90 
25 91 
26 Tofcal 12 83 37 

S e r v i c e r e c e i p t s " 17 64 63 
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APPENDIX 10 A n a l y s i s of C h e s t e r - l e - S t r e e t d i s t r i c t 
Numbers of c l i e n t s i n each of 35 groups r e c e i v i n g 
each of 45 s e r v i c e s 
(v) C l i e n t groups 35-40 

C l i e n t group •7 K 36 37 38 39 40 C l i e n t group 35 36 37 38 39 40 
Size 4 6 5 4 19 10 

S e r v i c e S e r v i c e d 

1 1 1 27 
2 28 1 1 
3 1 9 38 
4 1 4 3 2 3 6 42 1 
5 2 2 3 43 
6 1 2 6 4 44 1 1 
7 49 
8 1 56 

11 62 
12 70 1 3 
14 71 1 3 1 1 1 1 
15 1 72 1 3 2 
16 73 2 3 8 3 
17 74 2 
18 75 1 
19 1 76 
20 1 1 79 1 2 
21 83 1 1 
22 84 1 1 1 1 
23 1 1 88 1 1 
24 90 1 1 1 3 
25 91 2 3 1 
26 1 T o t a l 12 13 43 

Ser v i c e r e c e i p t s " 21 13 22 
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APPENDIX 10 A n a l y s i s of C h e s t e r - l e - S t r e e t d i s t r i c t 
Numbers of c l i e n t s in each of 35 groups r e c e i v i n g 
each of 45 s e r v i c e s 
( v i ) c l i e n t groups 41-45 and S e r v i c e T o t a l s for a l l c l i e n t s 

C l i e n t Group 41 42 43 44 45 Tot a l s Group 41 42 43 44 45 T o t a l s 
N,̂  S i z e 8 27 81 65 46 for a l l 

c l i e n t s 
730 \ for a l l 

c l i e n t s 

S e r v i c e N. > 
S e r v i c e 

1 4 1 6 5 112 27 3 23 
2 2 21 28 7 
3 6 39 38 2 
4 3 7 75 28 20 288 42 3 
5 14 12 8 112 43 6 
6 1 4 6 17 15 173 44 38 
7 1 49 2 
8 3 56 2 

11 3 62 1 46 
12 1 6 70 1 6 63 2 1 77 
14 13 71 3 2 14 3 30 
15 25 72 o 4 67 6 4 97 
16 1 73 1 9 1 28 22 90 
17 42 74 1 1 4 
18 26 75 1 1 7 1 11 
19 8 76 2 7 9 
20 2 54 79 1 1 2 10 
21 4 83 1 4 
22 5 84 3 23 4 35 
23 6 3 51 88 6 2 1 12 
24 3 90 5 4 1 16 
25 14 91 2 3 11 
26 24 T o t a l 19 276 89 

"S e r v i c e r e c e i p t s rr 59 126 1563 
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APPENDIX 11 Group 06 modes of care and weighting values 

For each mode or package of care the number of c l i e n t s x (o) 
i l 

in group 06 assigned by the c l u s t e r a n a l y s i s i s shown. In 

addition the o r i g i n a l value of the weighting w (1) (o) 

Zl 
i l = x I S 

(o) 

given for each mode together with the maximum value of the 

weighting ( r e s u l t i n g from the weights model) and the f i r s t 

s e l e c t e d perturbed weighting value. 

For each mode of care the services s e l e c t e d by the c l u s t e r a n a l y s i s 

of the o r i g i n a l CENDAT data are indicated by the s e r v i c e code 

number and a d e s c r i p t i o n of the s e r v i c e . For each s e r v i c e 

s e l e c t e d , that proportion of the c l i e n t group which r e c e i v e s 

the s e r v i c e i s shown as a percentage of the t o t a l group. 
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APPENDIX 11 Group 06 modes of care and weighting values (continued) 

MODE 1 12 CLIENTS O r i g i n a l w i = 0.108 Maximum = 0.430 
S e r v i c e % De s c r i p t i o n 

1 100 Prelim assessment 
20 41.7 Telephone r e n t a l 
5 25.0 Active involvement of f i e l d s t a f f , +ve end i n view 

17 • 16.7 Meals on wheels 
21 16.7 Telephone i n s t a l l a t i o n 
23 8.3 Occupational therapy 
15 8.3 Day care w i t h i n homes for e l d e r l y 

MODE 2 15 CLIENTS Original * 2 = 0.135 Maximum = 0.633 

S e r v i c e % D e s c r i p t i o n 
28 46.7 Group l i v i n g scheme for e l d e r l y 
20 26.7 Telephone r e n t a l 
6 20 Watching b r i e f 
2 13.3 Short-term c r i s i s i n t e r v e n t i o n 

12 13.3 Short stay home for e l d e r l y 
3 6.7 Exploratory casework/further assessment 

73 6.7 Receiption/observation & assessment centre 
62 6.7 Welfare r i g h t s s e r v i c e 
22 6.7 D o m i c i l i a r y Health S e r v i c e s : chiropody e t c . 
21 6.7 Telephone i n s t a l l a t i o n 
18 6.7 Adaptations, S t r u c t u r a l a l t e r a t i o n s 
11 6.7 Home phys/eld. longstay 
88 6.7 Adoption 
15 6.7 Daycare w i t h i n home for e l d e r l y 

MODE 3 11 CLIENTS O r i g i n a l w = 0.099 Maximum = 0.242 

S e r v i c e % D e s c r i p t i o n 
4 100 Supportive r o l e 

20 54.5 Telephone r e n t a l 
17 45.5 Meals on wheels 
1 18.2 Prelim assessment 

19 18.2 Aids 
23 18.2 Occupational therapy 
22 18.2 Do m i c i l i a r y h e a l t h s e r v i c e s 
21 18.2 Telephone i n s t a l l a t i o n 
3 9.1 Exploratory casework for f u r t h e r assessment 
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APPENDIX 11- Group 06 modes of care and weighting values (continued) 

MODE 3 (Cont.) 11 CLIENTS O r i g i n a l w
g = 0.099 Maximum = 0.242 

S e r v i c e JO D e s c r i p t i o n 

5 9. 1 Active involvement of f i e l d s t a f f , +ve end i n view 
6 9. 1 Watching b r i e f 

24 9. 1 C r a f t i n s t r u c t o r s 
14 9. 1 Day centres 
18 9. . 1 Adaptations, s t r u c t u r a l a l t e r a t i o n s . 

MODE 4 22 CLIENTS O r i g i n a l w 0.198 Maximum = 0.625 

Se r v i c e D e s c r i p t i o n 
6 100 Watching b r i e f 

20 45. 5 Telephone r e n t a l 
23 22. 7 Occupational therapy 
17 13. 6 Meals on wheels 
18 9. 1 Adaptations, s t r u c t u r a l a l t e r a t i o n s 
7 9. 1 V i s i t i n g by r e c r u i t e d volunteers 
4 9. 1 Supportive r o l e 

27 4. 5 H o s p i t a l based s o c i a l work 
28 4. 5 Group l i v i n g scheme for e l d e r l y 
22 4. 5 D o m i c i l i a r y h e a l t h s e r v i c e 
21 4. 5 Telephone i n s t a l l a t i o n 
19 4. 5 Aids 
15 4. 5 Day care w i t h i n homes for e l d e r l y 

MODE 5 13 CLIENTS O r i g i n a l w = 0.117 Maximum = 0.535 

Se r v i c e I D e s c r i p t i o n 
17 92. 3 Meals on wheels 
18 30. 8 Adaptations, s t r u c t u r a l a l t e r a t i o n s 
16 30. 8 Home help 
6 30. 8 Watching b r i e f 

20 23. 1 Telephone r e n t a l 
7 7. 7 V i s i t i n g by r e c r u i t e d volunteers 

21 7. 7 Telephone i n s t a l l a t i o n 
12 7. 7 Homes for e l d e r l y - short stay 
11 7. 7 Homes for e l d e r l y - long stay 
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APPENDIX H Group 06 modes of care and weighting values (continued) 

MODE 6 6 CLIENTS O r i g i n a l = 0.054 Maximum = 0.790 
Re s c r i p t ion 

20 100 Telephone r e n t a l 
19 83. 3 Aids 
2 50 Short term c r i s i s i n t e r v e n t i o n 

17 33 3 Meals on wheels 
14 33 3 Day centr e s 

MODE 7 8 CLIENTS O r i g i n a l w
? = 0.072 Maximum = 0.544 

Se r v i c e % D e s c r i p t i o n 
17 100 Meals on wheels 
28 87. 5 Group l i v i n g schemes for e l d e r l y 
18 75 Adaptations, s t r u c t u r a l a l t e r a t i o n s 
14 37. 5 Day centr e s 
24 25 C r a f t i n s t r u c t o r s 
7 12. 5 V i s i t i n g by r e c r u i t e d volunteers 

20 12. 5 Telephone r e n t a l 
19 12. 5 Aids 
5 12. 5 A ctive involvement, +ve end i n view 

MODE 8 14 CLIENTS O r i g i n a l w = 0.126 Maximum = 1.0 

Ser v i c e % D e s c r i p t i o n 
25 100 T e c h n i c a l o f f icer s e r v i c e s - B l i n d 
20 85. 7 Telephone r e n t a l 
23 42. 9 Occupational therapy 
17 35. 7 Meals on wheels 
19 28. 6 Aids 
5 21. 4 Active involvement, +ve end i n view 

21 21. 4 Telephone i n s t a l l a t i o n 
26 14. 3 T e c h n i c a l o f f i c e r s e r v i c e s - Deaf 
1 14.3 P r e l i m i n a r y assessment 
3 7. 1 Exploratory casework for f u r t h e r assessment 
4 7. 1 Supportive r o l e 

18 7. 1 Adaptations, s t r u c t u r a l a l t e r a t i o n s 
15 7. 1 Day care wi t h i n homes for e l d e r l y 
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APPENDIX 11. Group 06 modes of care and weighting values (continued) 

MODE 9 6 CLIENTS O r i g i n a l w = 0.054 Maximum = 0.419 
9 

S e r v i c e % Des c r i p t i o n 

28 100 Group l i v i n g schemes for e l d e r l y 
23 100 Occupational therapy 
4 100 Supportive r o l e 

17 83.3 Meals on wheels 

MODE 10 4 CLIENTS O r i g i n a l w 1 0 = 0.036 Maximum = 0.430 

S e r v i c e % De s c r i p t i o n 
20 100 Telephone r e n t a l 
3 100 Exploratory casework for f u r t h e r assessment 

19 100 Aids 
1 100 Prel i m i n a r y assessment 
5 25 Active involvement, +ve end i n view 
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APPENDIX 12 Comparison of a l l o c a t i o n s x., for l l 
C h e s t e r - l e - S t r e e t d i s t r i c t 

x = Number of c l i e n t s in group i a l l o c a t e d to mode 1 i l 
by applying the C l u s t e r A n a l y s i s r e s u l t s to 

C h e s t e r - l e - S t r e e t d i s t r i c t . 

x = Number of c l i e n t s i n group i a l l o c a t e d to model 1 i l 

i l 

(o) by the LP model with weights w., = x., l l l l 
X £ „ (o) 
i 1 i l 

(rounded to integer v a l u e s ) 

(2) 
x = Number of c l i e n t s i n group i a l l o c a t e d to mode 1 

v (o) by the LP model with weights w., = " x., u.,, J 6 i l k i l i l k 
E Z Z x (o) 
i l k i l i l k 

(rounded to inte g e r v a l u e s ) 
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APPENDIX 12 (cont.) 
GROUP 

1 MODE 
10 

(o) 
" i l 

(1) 
i l 

(2) 
' i l 

GROUP 
2 MODE 

10 
(o) 

i l 

(1) 
i l 

(2) 
i l 

GROUP 
3 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 13 1 2 1 4 2 

(1) 
X i l 19 4 

(2) 
X i l 19 4 
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APPENDIX 12 (cont.) 
GROUP 

4 MODE 
1 2 3 4 5 6 7 8 9 10 

(o) 
X i l 2 2 1 2 1 4 1 

(1) 
X i l 13 

(2) 
X i l 

1 12 

GROUP 
6 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 3 1 1 1 

(1) 
X i l 6 

(2) 
X i l 6 

GROUP 
8 MODE 

10 

(o) 
i l 

(1) 
' i l 

(2) 
i l 

14 

23 

23 
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APPENDIX 12 (cont.) 
GROUP 

9 MODE 
10 

(o) 
' i l 

(1) 
i l 

(2) 
' i l 

GROUP 
10 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 1 4 

(1) 
l l 5 

(2) 
X i l 5 

GROUP 
11 MODE 

10 

(o) 
' i l 

(1) 
i l 

(2) 
i l 

3 

0.4 2.6 
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APPENDIX 12 (cont.) 
GROUP 

1 2 
1 2 3 4 

MODE 
5 6 7 8 9 

(o) 
X i l 1 1 2 

(1) 
X l l 4 

(2) 
X i l 4 

GROUP 
14 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 2 2 1 

(1) 
X l l 5 

(2) 
X i l 5 

GROUP 
16 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 2 6 1 4 4 2 2 

(1) 
X i l 21 

(2) 
X i l 21 
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APPENDIX 12 (cont.) 
GROUP 

17 

X i l 

i l 

(o) 

(1) 

(2) 
i l 

MODE 
4 5 6 8 9 10 

16 

16 

GROUP 
18 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 3 8 2 6 14 2 8 11 2 

(1) 
X i l 28 28 

(2) 
X i l 21 2 28 5 

GROUP 
20 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 5 2 1 1 1 

(1) 
X i l 

10 

(2) 
X i l 10 
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APPEND-IX 12 (cont.) 
GROUP 

21 

(o) 
' i l 

(1) 
' i l 

(2) 
i l 

MODE 
5 10 

GROUP 
23 

1 2 3 
MODE 

4 5 6 7 8 9 10 
(o) 

X i l 13 11 16 2 6 3 6 1 

(1) 
l l 58 

(2) 
X i l 58 

GROUP 
25 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 1 2 2 2 

(1) 
X i l 1 6 

(2) 
l l 6 1 
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APPENDIX 12 (cont. ) 
GROUP 

28 MODE 
1 2 3 4 5 6 

(o) 
X i l 1 6 2 3 

( i ) 
x • i l l 13 

(2) 
X i l 13 

10 

GROUP 
29 MODE 

1 2 3 4 5 6 7 8 9 10 

(o) 
X i l 3 5 10 2 7 9 11 2 

(1) 
l l 33 16 

(2) 
X i l 49 

GROUP 
30 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 6 10 10 4 7 9 

(1) 
X i l 18 28 

(2) 
X i l 46 
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APPENDIX 12 (cont.) 
GROUP 

31 

(o) 
' i l 

CD 
i l 

(2) 
i l 

2 3 

4 2 

MODE 
4 5 10 

11 

32 

32 

GROUP 
34 

1 2 3 4 
MODE 

5 6 7 8 9 10 
(o) 

X i l 23 1 1 5 5 2 15 

(1) X. l l 52 

(2) 
X i l 52 

GROUP 
35 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 1 2 1 

(1) 
X i l 1 3 

(2) 
X i l 4 
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APPENDIX 12 (cont.) 
GROUP 

36 
1 

(o) 
X i l 

1 

CD 
x i l 

6 

(2) 
X i l 6 

MODE 
10 

GROUP 
37 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 1 1 1 2 

(1) 
X i l 

5 

(2) 
X i l 

3 2 

GROUP 
38 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 2 1 1 

(1) 
X i l 4 

(2) 
X i l 0.2 2.8 1 
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APPENDIX 12 (cont.) 
GROUP 

39 MODE 
1 2 3 4 5 6 7 8 9 10 

Co) 
X i l 1 2 5 1 5 4 1 

(1) 
X i l 6 13 

(2) 
X i l 4 15 

GROUP 
40 MODE 

10 

(o) 
11 

(1) 
i l 

10 

(2) 
i l 10 

GROUP 
41 MODE 

10 

(o) 
' i l 

(1) 
i l 

(2) 
i l 
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APPENDIX 12 (cont.) 
GROUP 

42 MODE 
1 2 3 4 5 

(o) 
X i l 1 2 3 2 

(1) 
X i l 

(2) 
X i l 

10 

10 17 

21 

GROUP 
43 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 7 41 5 2 2 17 7 

(1) 
X i l 74 4 3 

(2) 
X i l 74 3 4 

GROUP 
44 

1 2 3 4 
MODE 

5 6 7 8 9 10 

(o) 
X i l 5 12 11 12 12 5 8 

(1) 
X i l 21 44 

(2) 
X i l 38 27 
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APPENDIX 12 (cont. ) 
GROUP 

45 
I 2 

MODE 
.1 C 7 g a 10 

(o) 
• -, 1 1 

9 3 7 2 11 5 3 6 

(1) 
X i l 23 23 

(2) 
X i l 19 27 

- 347 -



Appendix 13 Details of Calculations using the SPRAM model 

This appendix d e t a i l s the c a l c u l a t i o n s performed to apply the DHSS/A. Andersen SPRAM model to 
the small test set of data used in Chapter 8, i . e , to show the use of the SPRAM model when 
there are future changes in both resource a v a i l a b i l i t y and population sizes. 

O r i g i n a l Data 

Group i 1 1 2 3 
Size d. (d, ) 40(44) 35(38) 30(27) 

i l 
Mode 1 1 2 3 1 2 3 1 2 3 
No, in mode * i l 21 0 19 30 0 5 14 6 10 

Resource 
3 l l k B i 2 k B l 3 k B32k B33k Bk „. 1 

A l l o c a t i o n 3 l l k B i 2 k B l 3 k B l k B21k B„„, B 22k 23k B 2 k B 3 l k B32k B33k B 3 k Bk Bk 

Service k - 1 21 0 0 21 0 0 0 0 4.2 l.S 0 6 27 26 
k = 2 0 0 19 19 30 0 0 30 14 0 10 24 73 69 
k = 3 0 0 19 19 16 0 5 21 7 3 5 15 55 52 
k = 4 0 0 19 19 16 0 5 21 0 6 5 11 51 49 

"Dominant resource 1 1 2 2 2 3 1 1 2 

Changes 

Changes i n resources are decreases of approximately 5%. Thus, f o r services 1,2,3,4 r e s p e c t i v e l y , the 
amounts of resource ( I n c l i e n t - u n i t s ) change from 27 ta 26, 73 to 69, 55 to 52 and 51 to 49. 

Changes i n population are increases of approximately 10% i n the sizes of c l i e n t groups 1 and 2 and a 
decrease of 10% i n the size of c l i e n t group 3, i . e . sizes change from 40 to 44, 35 to 38 and 30 to 
27 for groups 1,2,3 r e s p e c t i v e l y . 

( i ) A l l o c a t e resources to groups 

B 1 44 = 1.1, 
40 

27 
30 

0.9 

38 
35 

Resource 1 

Group 1 J 26 (1.1) (21) 
(1.1) (21) + (1.0857) (0) + (0.9) (6) 

21.07 

26 (1.1) (21) 
28.5 

Group 2 J = 2, k = 1, 

Group 3 J = 3, k = 1, 
21 = 0 since B ^ = 0 

= ZO (0.9) (6) = 4.93 
28. 5 

Resource 2 

:1.07 + 4.93 = 26 (Correct) 

Group 1 j = 1, k = 2, 69 (1.1) (19) 
(1.1) (19) + (1.0857) (30) + (0.9) (24) 

= 19.21 

= 69 (1.1) 19 
75.0710 

Group 2 J = 2, k 69 (1.0857) (30) » 29.94 
75.0710 

Group 3 J = 3, k B = 69 (0.9) (24) 
75.0710 

19.21 + 29.94 + 10.85 = 69 (Correct) 

-_ 3.48. -



Appendix 13 (continued) 

Resource 3 

Group 1 j = 1, k = 3, B 1 = 52 (1.1X19) = 52 (1.1) (19) 

(1.1) (19) + (1.0857) (21) + (0.9) (15) 57.1997 

= 19.00 

Group 2 j = 2, k = 3, B 1 = 52 (1.0857) (21) = 20.73 
57.1997 

Group 3 J = 3, k = 3, B 1 = 52 (0.9) (15) = 12.27 
57.1997 

21 = 19.00 + 20.73 + 12.27 = 52 ( c o r r e c t ) 

Resource 4 

= 49 (1.1) (19) = 49 (1.1) (19) 
(1.1) (19) + (1.0857) (21) + (0.9) (11) 53.5997 

= 19.11 

Group 2 j = 2, k = 4, B 1 = 49 (1.0857) (21) = 20.84 
53.5997 

Group 3 J = 3, k = 4, B 1 = 49 (0.9) (11) = 9.05 
53.5997 

T = 19.11 4 20.84 + 9.05 = 49 ( c o r r e c t ) 

( i i ) A llocate resources to modes w i t h i n groups 

I I d e n t i f y dominant resource K i n each mode of group i , 

t h e " " u " 1 = B i i < 1 B I I K F O R T H L B L > » 

»• l U * ( S T B = B ) 1 £ ILK iK' 
& / A " = B i l K / B i l K 

1 = 1,1 = 1, Dominant K = 1; B ^ 1 = B ^ 1 B = 21.07(21) 

Aq1 = 21.07 = 1.0033 
Aq 2.1 

since B,„, = 0 ; 
Aq 

1 = 1 , 1 = 2 , Dominant K = 1; B,„," = 0 since B,„, = 0; Aq1 = 1 1 
'121 " " "121 

1 = 1, 1 = 3, Dominant K = 2; B ^ 1 = B 1 2
1 B 1 3 2 = 19.21 (19) = 19.21 
B12 1 9 

Aq1 = 19.21 = 1.0111 
Aq 19 

1 = 2 , 1 = 1 , Dominant K = 2; B 1 = B 1 B = 29.94 (30) = 29.94 
B„„ 30 22 

Aq 1 = 29.94 = 0.9980 
30 

1 0 since B 2 2 2 = 0; Aq 1 = 1 
Aq 

1 = 2, 1 = 3, Dominant K = 3; B,^ 1 = B ^ 1 B 2 3 3 = 20.73 (5) = 4.94 
BIT 21 23 

4.94 = 0.9880 
M 5 
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Appendix 13 (continued) 

1 = 3 , 1 = 1 , Dominant K = 1, B„ 4.93 (4.2) = 3.45 

Aq 
J . -to - u . o ^ l ^ 
4.2 

1 = 3 , 1 = 2 , Dominant K = 1, B 3 1 B 3 2 1 = 4.93 (1.8) 

4ai 
Aq 

31 
1.48 = 0.3222 
1.8 

1 = 3 , 1 = 3 , Dominant K = 2, 334 

4ai 
Aq 

B 3 2 B 3 3 2 = 19-85 (10) 

32 
8.27 = 0.827 
10 

I I For non-dominant resources i n mode 1, group i 

q = mode i n group i 
A3 = amount of Uominant resource i n mode q of group i 

B i l k 

i = 1, 1 = 1 , Non-dominant k = 2, 3, 4 

B U 2
1 = 0 aince B N 2 = 0 

0 aince B 1 1 3 = 0 

B 1 M = 0 aince B ^ = 0 

1 = 1 , 1 = 2 , Non-dominant k = 2, 3, 4 

B122 1 ' ° 9 t n C e B122 " ° 

B123 = ° 3 l n C e B123 ' ° 

B 1 2 4
L = 0 aince B ^ = 0 

1 = 1, 1 = 3, Non-dominant k = 1, 3, 4; AqV^q = 1.0111 
1 B 131 0 aince B = 0 

133 
1 = B ^ 1 (1.0111) 

(1.0033) B U 3 • (1) B 1 2 3 • (1.0111) B 1 3 3 

19.00 

il " B 1 4 1 ( 1 0 1 1 1 ) B134 
(1.0033) B + (1) B -+-(1.0111) B 

114 124 134 

19. 11 

1 = 2, 1 = 1, Non-dominant k = 1, 3, 4; AqV^q = 0.998 

1 8 211 0 aince B 2 1 1 = 0 

"213 1 " 8 2 3 1 ( ° " 8 > B213 
(0.998) B 2 1 3 • (1) B 2 2 3 • (0.988) B J 3 J 

20.73 (0.998) (16) 
20.9080 

= 15.83 

B 2 1 4 1 = »24 ( 0 - " 8 > B214 
(0.998) B 2 1 4 • (1) B + (0.988) 

20.84 (0.998) (16) 
20.9080 

15. 92 

- 350 -



Appendix 13 (continued) 

1 = 2, 1 = 2, Non-dominant k = 1, 3, 4; AqV/iq = 1 

B_„ = 0 since B_ = 0 

0 since B„„.. = 0 223 

9224 " ° 3 l n C ° B224 = 0 

1 = 2, 1 = 3, Non-dominant k = 1, 2, 4; Aq 1,^ = 0.988 
1 

231 0 since B_„, = 0 231 

232 0 since B„„„ = 0 232 

B24 C 0 ' 9 8 8 > 3234 
(0.998) 8 2 1 4 * (1) B 2 2 4 + (0.988) 

20.84 (0.988) (5) 
20.9080 

1 = 3, 1 = 1, Non-dominant k = 2, 3, 4; 4q1/dq = 0.8214 

Z1 " B 3 2 1 ( 0 8 2 1 4 ) 8312 

313 

(0.8214) B„„„ + (0.8222) B,„„ + (0.827) B,„„ 312 322 332 

= 11.55 

1 *33 ( ° - 8 2 1 4 ) B313 

19.85 (0.8214) (14) 
19.7696 

(0.8214) 8. (0.8222) B 3 2 3 * (0.827) 8333 
= 12.27 (0.8214) (7) 

12.3514 

3 314 0 since B_„, = 0 314 
1 = 3, 1 = 2, Non dominant k = 2, 3, 4; AqV/iq = 0.8222 

1 B 322 0 since B_ = 0 
322 

B „ 3 = I 45 

B 3 2 4 L * " a / ( ° - 8 2 2 2 ) B 3 2 4 
(0.8214) B 3 1 A * (0.8222) 8 3 2 4 + (0.827) 3 ^ 

1 = 3, 1 = 3, Non-dominant k = 1, 3, 4; Aq /Al = 0.827 

8 3 3 / = 0 since B 3 3 1 = 0 

B 3 3 3 l • *33 ( 0 - 8 2 7 ) B333 
(0.8214) B 3 1 3 . * (0.8222) • (0.827) 8333 

9.05 (0.8222) (6) 
9.0682 

12.27 (0.827) (5) 
12.3514 

334 

= 4.11 
1 B ^ 1 (0.827) B 3 3 4 

(0.8214) B 3 1 4 + (0.8222) B 3 2 4 * (0.827) B ^ 
= 4-iJ 

Summary of Results of SPRAM Method 

Group 1 

9.05 (0.327) (5) 
9.0682 

Size d 

Mode 1 

Resource a l l o c a t i o n 

Service k = 1 
k = 2 
k = 3 
k = 4 

1 2 3 

44 38 27 

1 'i 3 1 2 3 ! 1 2 3 

B \ l k B l12k B l 1 3 k B \ k B l 2 ! k B 22k Bl5!3k I B l 2 k " ^ l k 8 32k 3 33k B l 3 k K 

21.07 0 0 21.07 0 0 0 I 0 3.45 1.48 0 4.93 26 
0 0 19.21 19.21 29.94 0 0 1 29.94 11.55 0 3.27 19. 82 69 
0 0 19.00 || 19.00 15. 33 0 4.94 20.77 5.71 2. 15 4. 11 12. 27 52 
0 0 

19.11 j 19.11 15. 92 0 4.92 20.84 0 4. 92 4.13 9.oajj 49 
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APPENDIX 14 W i l t s h i r e Balance of Care P r o j e c t 
Categories and Care for E l d e r l y C l i e n t s 

The f o l l o w i n g t a b l e p r o v i d e s a g e n e r a l i l l u s t r a t i o n o f the framework of the 
31 c a t e g o r i e s of e l d e r l y p e o p l e , and the i d e a l a l t e r n a t i v e s f o r p r o v i d i n g 
c a r e f o r each c a t e g o r y . 

The p a c k a g e s of c a r e and l e v e l s o f s e r v i c e p r o v i d e o n l y a benchmark a g a i n s t 
which f u t u r e p o l i c i e s may be c o n s i d e r e d . The numbers p r o v i d e d r e l a t e to a 
monthly b a s i s , so t h a t the number 8 under community n u r s i n g r e f e r s to a 
s e r v i c e l e v e l of 8 v i s i t s p er month. The u n i t s o f s e r v i c e a r e : 

H o s p i t a l 
R e s i d e n t i a l Home 
S h e l t e r e d Housing 
Day C a r e 
N u r s i n g 
Home Help 
Meals 

bed days p e r month 
p l a c e days per month 
u n i t days p e r month 
a t t e n d a n c e s p e r month 
v i s i t s p e r month 
h o u r s p e r month 
number of meals p e r month 

The A d v i s o r y Group i d e n t i f i e d a range of a c c e p t a b l e a l t e r n a t i v e s f o r each 
c a t e g o r y , and a l s o gave each mode a ' B c o r e ' . These s h o u l d be i n t e r p r e t e d 
a s : 

3 - P r e f e r r e d 
2 - Good 
1 - A c c e p t a b l e 

Where a s c o r e of 0 i s g i v e n , t h i s means t h a t the mode i s one by w h i c h a 
number o f p e o p l e a r e p r e s e n t l y c a r e d f o r , but one which t h e A d v i s o r y Group 
f e e l i s an u n a c c e p t a b l e form f o r f u t u r e p l a n n i n g . 

The A d v i s o r y Group have a l s o i n d i c a t e d , i n g e n e r a l terras a form of minimum 
s t a n d a r d f o r day and d o m i c i l i a r y s e r v i c e s . These a r e used o u t s i d e the model, 
And g i v e the s t a n d a r d s o f s e r v i c e a range of a c c e p t a b l e l e v e l s , t o complement 
th e i d e a l l e v e l s p r o v i d e d . 
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Appendix 14 W i l t s h i r e Balance of Care P r o j e c t 
continued) Categories and care for e l d e r l y c l i e n t s 
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Appendix 14 W i l t s h i r e Balance of Care P r o j e c t 
(continued) Categories and care for e l d e r l y c l i e n t s 
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Appendix 14 W i l t s h i r e Balance of Care P r o j e c t 
(continued) Categories and care for e l d e r l y c l i e n t s 
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APPENDIX 15 : ALTERNATIVE PRESENTATION OF WEIGHT CONSTRAINTS 

As described i n Section 5.5.1, the weight c o n s t r a i n t s could be 

derived s l i g h t l y d i f f e r e n t l y from the method used i n the preceding 

s e c t i o n s of Chapter 5. The r e s u l t a n t c o n s t r a i n t s are the same, 

only the p a r t i t i o n i n g of the matrices d i f f e r s . This Appendix 

shows the a l t e r n a t i v e presentation of the weight c o n s t r a i n t s for 

a small example having f i v e r e a l v a r i a b l e s and two c o n s t r a i n t s , 

the a c t u a l , known s o l u t i o n having f i v e non-zero v a r i a b l e s . 

The c o n s t r a i n t s are: 

X l + X 2 + X 3 + X 4 + X 5 = 6 

X l " 2 X 2 " 3 X 3 + 2 X 4 + 3 X 5 = 4 

>j 0 

and the known s o l u t i o n occurs at x* = (1,1,1,1,2) 

for an o b j e c t i v e function f = ^ w . x . where the weights w are l l i 
unknown. 

The simplex tableau i s p a r t i t i o n e d as follo w s : 

B A„ I 0 b B R R 
T T 0 w w 0 1 0 

so that B i s a (2 x 2) b a s i s matrix. 

At an optimal s o l u t i o n , the following i s true: 

B 0 G H J 0 x* = B AR XR 0 b 
T 1 y h 3 1 T 

" f * -B 
R 

*-R 0 1 0 
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APPENDIX 15 (continued) 

In the example given, taking x , x as the b a s i s gives 

1 1 \ , B 

1 -2 i 

2/3 1/3 

1/3 -1/3 

A R = / 1 1 l \ . I R = / l 0 \ , 

-3 2 3 0 1 

= ( W 1 < W2 )• ?R = ( W 3 ' W 4 ' W
5 ) 

By the method shown i n s e c t i o n 5.5.1 the weight c o n s t r a i n t s are: 

T T -1 
W D " W D B A o = 0 ( 3 o f these) (1) 

2 B 
y 0 (2 of these) (2) 

Hence (w 3,w 4 >w s) - (w ,w ) / 2/3 l / 3 \ /1 1 l \ = 0 from (1) 

1/3 -1/3/1-3 2 3 

i . e ( w 3 ' w
4 . w

5 ) " ( w
1 > w 2 ) l~1/3 4 / 3 5 / 3 

V 4/3 -1/3 -2/3 

or w„ i w i + t *2 

And ^'^V / 2 / 3 

\ 1/3 

or l w , + JL w 

i w i " t w 2 

4»-w - X w 

3 1 

1/3 ^ 

•1/3 / 

3 2 

3; * 9 

3 1 

» 0 

» o 

(3) 

(4) 

from (2) 
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APPENDIX 15 (continued) 

A l l the weights are non-negative and they sum to 1. 

i ' - " i '2 "3 '4 5 

So (3) can be expressed as: 

3 1 

J_w 2 » 0 

1 w >, 0 J 

(5) 

and ^w = 1 implies that i i w + £ 
a 1 \ 

1 (6) 

The s o l u t i o n occurs at maxT^w^x^ where x = (1,1,1,1,2) 

so the e f f e c t i s of maximising w, + w„ + w_ + w. + 2w_ sub.iect 
1 2 3 i D 

the weight c o n s t r a i n t s ( 4 ) , (5) and ( 6 ) . 

This i s shown below and r e s u l t s i n 

w = (1/4, 1/16, 0, 5/16, 3/8) 

NoV- h> s c a l e 
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APPENDIX 16 : DERIVATION OF WEIGHT CONSTRAINTS FROM EXTREME POINTS 

As described i n Section 5.5,4, the weight c o n s t r a i n t s could be 

derived from knowledge of the extreme points which could be combined 

to form the a c t u a l s o l u t i o n poinx. This Appendix shows the 

d e r i v a t i o n of the weight c o n s t r a i n t s for a small example having f i v e 

r e a l v a r i a b l e s and two c o n s t r a i n t s and the a c t u a l s o l u t i o n having 

f i v e non-zero v a r i a b l e s . T h i s i s the same problem as used i n 

Appendix 15. 

The c o n s t r a i n t s are: 

X l + X 2 + X 3 + X 4 + X 5 

X l " 2 X 2 " 3 X 3 + 2 X 4 + 3 X 5 

x > 0 

and the known s o l u t i o n occurs at x* = (1,1,1,1,2) 

for an o b j e c t i v e function f = "Ŝ w.x. where the weights w are unknown. 
i l l -

F i r s t l y the extreme points are found: 

Taking x , x as the b a s i s , B = / 1 1 \ , B 
I 

1 -2 

x = B _ 1 b = / l 6/3 \ i . e . E 

V 2/3 

12 

S i m i l a r l y , f e a s i b l e extreme points can be found for f i v e other bases: 

111/2 \ , / xr 

1/2 
= ( 2 W x 2 W i 4 / 

V x 5 / \l6/5. 

V =/ 8/5 

x„ I V22/5 4 ' 

x 3 \ = / 7/3 

11/3, 

13 24 25 34 35 
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APPENDIX 16 (continued) 

The actual s o l u t i o n i s w r i t t e n as a combination of these extreme 
poin t s , i . e . x* = l^oC^^, 

x* 
/ * 

3/16 /l6/3\ + 1/4 / 0 \ + 15/112/0 \+ 3/7/0 \ 

Z/l 

0 

o 

, o 

2 

0 

4 

\ o 

14/5 

0 

0 

\16/5/ 16/5/ \ 11/3 

Then f * = ^rw.X. 
i l l i s the same at each of these extreme p o i n t s , 

i . e . jiU w + 2. w 
3 1 3 A 

2w„ + 4w^ 2 4 !4 w + I t w = J.* + 
3 5 

or w„ = —_L w, + 4, w 
3 I "1 9 2 

Aw - J. w 3 1 3 2 

3 1 3 2 

Also, any of these extreme points must be a maximum, 

so w B
TB - 1 >, 0, i . e . (w x w g) / 2/3 1/3 \ > 0 

V 1/3 -1/3 / 

or 2.W, + J_w„ 
3 1 3 2 

> C 

3 1 3 2 

and i n a d d i t i o n w >, 0, Zlw = 1 

Thus the c o n s t r a i n t s are i d e n t i c a l w i t h those derived i n Appendix 15, 
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APPENDIX 17 : CHOICE OF BASIS, n > m 

As described i n Section 5.5.5, the choice of a basis needs to be 

made i n order to derive weight c o n s t r a i n t s , by any of the methods 

shown = 

This Appendix shows the e f f e c t of choosing d i f f e r e n t bases f o r the 

same small problem as that used i n Appendices 15 and 16. 

The c o n s t r a i n t s are: 

X l + X2 + X3 + X4 + X5 

X l " 2 x 2 " 3 X 3 + 2 X 4 + 3 X 5 

x >, 0 

T 

and the known s o l u t i o n occurs at x* = (1,1,1,1,2) f o r an 

ob j e c t i v e f u n c t i o n f = ?-w *̂-£ where the weights w are unknown. 
Using the method shown i n Appendix 15, 

A = / 1 1 1 1 1 \ , b = / 6 

W - 2 - 3 2 3/ \ 4 

The f i r s t choice of basis had been x ,x . 
1 & 

Now choosing x
2 > x

4
 a s t n e basis: 

B = / 1 1\ , B _ 1 = / 1/2 -1/4 \ , 

-2 2 ^ 1/2 1/4, 

" • ( : : : v -t : r 
w„ = (w„, w, ) , w„ = 
-B 2' 4 -R ( W l , w3, w g) 
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APPENDIX 17 (Continued) 

By the method shown i n Section 5.5.1 the weight constraints are: 

T T -1 
W

D
 _ w o B A n = 0 ( 3 o f these) (1) 

T -1 
w B >, 0 (2 of these) (2) 

Hence (v^, w 3 > w g) - (w 2 > w 4) 1/2 - 1/4 1 1 1 = 0 from 

1/2 1/4 1 - 3 3 

i.e . (w 1, w3, w g) - (w 2 w 4) / 1/4 5/4 -1/4 

V 3/4 -1/4 5/4 

or w. -Lw + X w. 4 2 4 4 

3 4 2 ^ 4 (3) 

And (w 2, w 4) / 1/2 -1/4 \ » 0 from (2) 

V 1/2 1/4 / 

or ±w„ + 1 w, y. 0 
2 2 a 4 (4) 

-J-w + J. w » 0 
4 2 4 4 

For purposes of comparison, c o n s t r a i n t s are required i n terms of 

ŵ  and w 2 < Rearranging the above leads to the f o l l o w i n g i n terms 

of w and w : 

- i w 1 + ^ w2 

w4 = 4_ W l - ± w2 

Sw - Z_w 
3 1 3 2 

J.w + JLw >, 0 
5 1 3 £ 

- W l — 2 3 1 3 ^ 
-L w„ » 0 
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APPENDIX 17 (Continued) 

These are i d e n t i c a l c o n s t r a i n t s with those derived i n Appendix 15 

w l t i i X fK„ 3.S t i l G b ^ o X S . 1 

Choices of other bases (corresponding to basic f e a s i b l e s o l u t i o n s ) 

have shown that i n a l l cases ( s i x possible bases f o r t h i s small 

example) the same set of weight c o n s t r a i n t s are derived. 
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APPENDIX 18 CHOICE OF BASIS, n < m 

This Appendix shows the e f f e c t on the weight con s t r a i n t s of 

choosing d i f f e r e n t bases, f o r a small problem having fewer r e a l 

v a r i a b l e s , n, than c o n s t r a i n t s , m. (See Section 5.5.6), but w i t h 

some equations dependent on others so that more than one extreme 

point leads to an optimal s o l u t i o n . 

The c o n s t r a i n t s are: 

4x + 3x + 4x = 36 
X o 

2x + 3x + 2x = 24 
J. & J 

X l + X2 + X3 = 1 0 

5*x + 4* 2 + 5x 3 = 46 

Solutions e x i s t at (6,4,0) and ( 0,4,6) 

and also at (3,4,3) which i s a l i n e a r combination 

of these. 

No basis can be formed using both x and x since the columns 
1 XJ 

of t h e i r c o e f f i c i e n t s are l i n e a r l y dependent. 

Choosing the basis (x ,x ,S ,S ) and using the method shown i n 
X <J J. A 

Section 5.5.1, the weight c o n s t r a i n t s can be derived as fol l o w s : 
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APPENDIX 18 (continued) 

j u 

0 

0 

-1 

0 

0 

r 
0 -4 n 

1 
0 

0 \ 
5 -1 

1 0 1 -1 

V o 1 

V 
0 

0 

0 1 

0 
1 0 

0 1 / 

Cw1, w2, 0, 0) 

<w 3). 

Then w —R -B * (1 of these) 

*B ^ 0 (2 of these) 

1' 2' 

i . e . w - (0,0, - 4w 

/° 0 -4 1\ 
/ 4 

0 0 5 -1 2 

1 0 1 -1 1 

1 -7 \5 

+ 
1 

5w2, W l " V / 4 

i . e . w - w = 0 or w = w 
O X . O X 

and (w 1,w 2,0,0) / 0 0 

0 

0 

1 
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APPENDIX 18 (continued) 

4w + 5w X 0 

wx - w2 » 0 

So cons t r a i n t s are = 

-4ŵ  + 5w9 ^ 0 

wx - w2 > 0 

Choosing a d i f f e r e n t basis, (x 2,x^,S^,S 2) , 

B = / 3 4 

3 2 

1 1 

^ 4 5 0 0 ' 

1 0 

0 1 

0 0 

-1 0 5 -1 

0 0 -4 1 

1 0 1 -1 

to 1 -7 1 

4 

2 

:/ 
(w„,w„,0,0), w_ = ( w j 2' 3 -R 

T T -1 Then w - w B A = 0 (1 of these) —R ~B R 

T -1 
w B > 0 (2 of these) 
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APPENDIX 18 (continued) 

Hence w, - ( W J J . V ^ . O . O ) / 0 0 5 -1 

0 0 - 4 1 

1 0 1 - 1 

\ 0 1 - 7 1 / 

2 

1 

\5 / 

i . e . wx - (0,0, 5w2 - 4w3, - w2 + w 3 W 4 V 

2 

1 

\5 I 

And 

i . e . - (5w 2 - 4w g) - 5(-w 2 + w g) = 0 

i . e . - w3 = 0 as before 

5w2 - 4wg ^ 0 

-w2 + w3 >, 0 

S u b s t i t u t i n g w = w , 5w - 4w ^ 0 / as before 
ti x X 

" w2 + W l *° 

Thus f o r these two bases the weight c o n s t r a i n t s derived are the same. 

Another basis could be selected using (x , x ) and d i f f e r e n t slack 
X A 

v a r i a b l e s , or using (x , x ) and d i f f e r e n t slack v a r i a b l e s . I t can 

be shown that these bases also r e s u l t i n the same weight c o n s t r a i n t s , 

No basis can be selected using only one of the r e a l variables and 

three slack variables because the o r i g i n a l equations can not be 

solved using j u s t one r e a l v a r i a b l e . 


