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ABSTRACT 

In t h e p r e s e n t s t u d y a r e v i e w i s g i v e n o f r e c e n t 
work on e d u c a t i o n a l p l a n n i n g problems u s i n g m a t h e m a t i c a l 
programming. Furthe r m o r e a m a t h e m a t i c a l model based on data 
f r o m t h e B r i t i s h e d u c a t i o n a l system and u t i l i s i n g t h e t e c h n i q u e 
o f Dynamic programming has been developed and i t i s shown how 
t h e computer r e s u l t s f r o m t h i s c o u l d be used as an a i d i n 
d e c i s i o n making. 
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CHAPTER I 

EDUCATIONAL PLANNING 

Thi s c h a p t e r begins w i t h a d i s c u s s i o n o f t h e concept o f 
e d u c a t i o n a l p l a n n i n g , i t s o b j e c t i v e s and i t s scope. Then f o l l o w s an 
o u t l i n e o f t h e main contemporary approaches t o e d u c a t i o n a l p l a n n i n g , 
namely, t h e Manpower r e q u i r e m e n t s approach, t h e S o c i a l demand approach 
and t h e C o s t - B e n e f i t approach. F i n a l l y , t h e i r m e t h o d o l o g i e s a r e 
pre s e n t e d t o g e t h e r w i t h some problems c o n c e r n i n g t h e i r a p p l i c a t i o n s . 

1.1 D e f i n i t i o n o f e d u c a t i o n a l p l a n n i n g 

There have been numerous a t t e m p t s t o d e f i n e e d u c a t i o n a l 
p l a n n i n g and t o s p e c i f y i t s e s s e n t i a l elements. ANDERSON and BOWMAN 
(1967) suggested t h a t e d u c a t i o n a l p l a n n i n g i s a process o f p r e p a r i n g a 
s e t o f d e c i s i o n s f o r f u t u r e a c t i o n s r e l a t i n g t o t h e e d u c a t i o n a l s e c t o r . 

Perhaps t h e most gener a l d e f i n i t i o n i s t h a t g i v e n by UNESCO 
(1 9 7 0 ) , d e f i n i n g e d u c a t i o n a l p l a n n i n g as bein g t h e a p p l i c a t i o n o f 
r a t i o n a l , s y s t e m a t i c a n a l y s i s t o t h e process o f e d u c a t i o n a l development 
w i t h t h e aim o f making e d u c a t i o n more e f f e c t i v e and e f f i c i e n t i n 
res p o n d i n g t o t h e needs and go a l s o f s t u d e n t s and s o c i e t y . 

T h i s r a i s e s t h e c r u c i a l q u e s t i o n o f t h e o b j e c t i v e s o f 
e d u c a t i o n a l p l a n n i n g . 

1.2 O b j e c t i v e s and scope o f e d u c a t i o n a l p l a n n i n g 

To f i x t h e o b j e c t i v e s i s t h e f i r s t s t e p i n p l a n n i n g and no 
f u r t h e r p r o g r e s s can be made b e f o r e d o i n g t h a t . E x perience r e v e a l s 
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t h a t t h i s m i g h t n o t be easy, s i n c e e d u c a t i o n e f f e c t s a l m o s t e v e r y 
human a c t i v i t y and i n a s o c i e t y o p i n i o n s d i f f e r w i d e l y as t o t h e 
r e l a t i v e i m p o r t a n c e o f each u l t i m a t e aim i n v o l v e d . 

The t r a d i t i o n a l e d u c a t i o n a l aims have been f o r a l o n g t i m e 
o f a s o c i a l and p a t r i o t i c n a t u r e . Some 2,500 y e a r s ago Spartans i n 
a n c i e n t Greece planned t h e i r e d u c a t i o n t o f i t t h e i r w e l l d e f i n e d m i l i t a r y 
and s o c i a l o b j e c t i v e s . P l a t o i n h i s " R e p u b l i c " proposed an e d u c a t i o n a l 
scheme t o serve t h e l e a d e r s h i p and p o l i t i c a l needs o f Athens. John 
Knox, i n t h e m i x - 1 6 t h c e n t u r y d e s c r i b e d a n a t i o n a l e d u c a t i o n a l system 
t o o f f e r t h e Scots s p i r i t u a l and m a t e r i a l w e l l b e i n g . Even today we 
can f i n d i n o f f i c i a l d e c l a r a t i o n s and n a t i o n a l c o n s t i t u t i o n s t h e s e 
t r a d i t i o n a l aims. 

At a second stage emphasis was l a i d on i n t e l l e c t u a l t r a i n i n g 
p r i m a r i l y l i t e r a c y and ge n e r a l knowledge. One o f t h e e a r l i e s t a t t e m p t s 
t o employ e d u c a t i o n a l p l a n n i n g was t h e f i r s t F i v e y e a r p l a n i n t h e 
S o v i e t Union i n 1923. I n t h e i n d u s t r i a l i s e d c o u n t r i e s o f Europe p r i o r 
t o t h e Second World War, t h e e s s e n t i a l aim was t o p r o v i d e c o n t i n u i t y and 
v i a b i l i t y o f e d u c a t i o n a l e s t a b l i s h m e n t s and thus t h e f o c u s o f p l a n n i n g 
was on t h e mechanics o f e d u c a t i o n , on t h e needs o f t h e system. 

But t h e p i c t u r e changed a f t e r t h e Second World War. Two new 
dimensions were added t o e d u c a t i o n a l p l a n n i n g . F i r s t , t h e e x p l o s i v e 
i n c r e a s e o f s t u d e n t numbers p a r t l y because o f demographic f a c t o r s and 
p a r t l y by t h e d e m o c r a t i s a t i o n o f e d u c a t i o n a l o p p o r t u n i t y . Second, a 
change i n th e a t t i t u d e o f economists as f a r as e d u c a t i o n was concerned. 
No l o n g e r was e d u c a t i o n seen mer e l y as a n o n - p r o d u c t i v e s e c t o r which 
absorbed "consumption e x p e n d i t u r e " , i t was now viewed as an e s s e n t i a l 
" i n v e s t m e n t e x p e n d i t u r e " f o r economic g r o w t h . I f e d u c a t i o n a l systems 
were t o serve t h e i r s t u d e n t s and s o c i e t y , t h e whole id e a o f p l a n n i n g 
must now be seen w i t h new p e r s p e c t i v e , (COOMBS, 1970). 
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1.3 C h a r a c t e r i s t i c s o f contemporary e d u c a t i o n a l p l a n n i n g 

Before d e s c r i b i n g i n d e t a i l t h e contemporary approaches t o 
e d u c a t i o n a l p l a n n i n g which have emerged from w o r l d w i d e d i s c u s s i o n s and 
r e s e a r c h , some ge n e r a l p o i n t s may be made. 

The e d u c a t i o n a l system i n any c o u n t r y i n p r o d u c i n g t r a i n e d 
manpower has a l o n g p r o d u c t i o n c y c l e and t h e s u c c e s s i v e stages o f t h e 
e d u c a t i o n a l process a r e i n t i m a t e l y connected. Any p l a n n i n g has 
t h e r e f o r e t o be lo n g run and comprehensive. 

Economic development i m p l i e s r a p i d and p r o f o u n d changes i n 
t h e methods and t e c h n i q u e s o f p r o d u c t i o n . Since one o f t h e f u n c t i o n s 
o f any e d u c a t i o n a l system i s t o p r o v i d e s o c i e t y ' s l a b o r f o r c e w i t h t h e 
s k i l l s and knowledge r e q u i r e d f o r p r o d u c t i v e a c t i v i t i e s , i t f o l l o w s 
t h a t t h e e d u c a t i o n a l system must be r e a s o n a b l y geared t o t h e p r o d u c t i o n 
r e q u i r e m e n t s . F u r t h e r m o r e , General e d u c a t i o n f o r t h e p o p u l a t i o n i n 
th e n o n - i n d u s t r i a l i s e d c o u n t r i e s p a r t i c u l a r l y can c o n t r i b u t e t o t h e 
i n d u s t r i a l i s a t i o n by making people aware o f Science and Technology; 
but i t can a l s o be a p o w e r f u l weapon f o r s o c i a l and p o l i t i c a l change. 
However s k i l l s may be rendere d unusable by t h e s o c i a l and economic change 
i n t h e o u t s i d e w o r l d w i t h t h e problems o f " j o b o p p o r t u n i t i e s " and t h e 
s o - c a l l e d "educated unemployment". 

Given t h a t one o f t h e e s s e n t i a l t a s k s i n p l a n n i n g i s t o 
det e r m i n e t h e o b j e c t i v e s and e s t a b l i s h p r i o r i t i e s among them some o f 
which may be q u a l i t a t i v e ( c u l t u r a l , e t h i c a l , e t c . ) , e d u c a t i o n a l p l a n n i n g 
need n o t be c o n f i n e d t o q u a n t i t a t i v e aspects o n l y . 

1.4 Approaches t o e d u c a t i o n a l p l a n n i n g 

The c l a s s i f i c a t i o n scheme used here i s from "The World Year 
Book o f Ed u c a t i o n 1967 : E d u c a t i o n a l P l a n n i n g " ( 1 9 6 7 ) , namely, t h e 
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Manpower r e q u i r e m e n t s approach, t h e S o c i a l demand approach, and t h e 
C o s t - B e n e f i t approach. Each o f them i n t u r n w i l l be d i s c u s s e d 
a t t e m p t i n g t o a n a l y s e t h e i r s t r e n g t h s and weaknesses. 

1.4.1 The Manpower r e q u i r e m e n t s approach 
The r a t i o n a l e behind t h i s approach i s t h e i d e a t h a t t h e 

o u t p u t o f t h e e d u c a t i o n a l system s h o u l d be d e t e r m i n e d by a q u a n t i t a t i v e 
f o r e c a s t o f t h e r e q u i r e m e n t s f o r educated manpower necessary t o s u p p o r t 
t h e pace o f t h e economic development i n a c o u n t r y . T h e r e f o r e a c c e p t 
ance o f t h e Manpower approach as a b a s i s f o r p l a n n i n g depends on t h i s 
p a r t i c u l a r view o f t h e f u n c t i o n o f t h e e d u c a t i o n a l system i n a modern 
s o c i e t y . T h i s approach r e q u i r e s 
( 1 ) The assumption t h a t t h e r e i s no such mechanism analogous t o t h e 
market which i s p r o v i d e d by t h e P e r f e c t C o m p e t i t i o n t h e o r y , t h a t w i l l 
c o n t r o l a u t o m a t i c a l l y and e f f i c i e n t l y t h e s u p p l y and demand needs o f 
t h e e d u c a t i o n a l system. I n f a c t t h e advocates o f t h e Manpower approach 
go a s t e p f u r t h e r c l a i m i n g t h a t even i f such a mechanism does e x i s t i t 
o p e r a t e s t o o s l o w l y t o ensure a l l o c a t i o n o f t h e e d u c a t i o n a l r e s o u r c e s 
a c c o r d i n g t o n a t i o n a l needs. As a r e s u l t no c o u n t r y has based i t s 
e d u c a t i o n a l p l a n n i n g e n t i r e l y on a market mechanism. 
(2) The assumption t h a t t h e l a b o r f o r c e can be s u b d i v i d e d i n t o groups 
o f persons p e r f o r m i n g d i f f e r e n t s e t s o f f u n c t i o n s which demand v a r i o u s 
s k i l l s and knowledge. 
(3) The assumption t h a t these r e q u i r e m e n t s can be a c q u i r e d t h r o u g h t h e 
process o f t h e e d u c a t i o n a l system. 
(4) The assumption t h a t t h e r e i s an o c c u p a t i o n a l - e d u c a t i o n a l 
correspondence which p r o v i d e s t h e b a s i s f o r d e t e r m i n i n g t h e " o u t p u t s " 
d u r i n g t h e p l a n n i n g p e r i o d from t h e s e v e r a l l e v e l s o f t h e e d u c a t i o n a l 
system. These " o u t p u t " e s t i m a t e s p e r m i t t h e c a l c u l a t i o n o f r e q u i r e d 
e n r o l m e n t s , t e a c h e r s , p l a n t s and equipments. 
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(5) The assumption t h a t t h e r e i s a f i x e d r e l a t i o n s h i p between 
p r o d u c t i v i t y l e v e l s and o c c u p a t i o n a l s t r u c t u r e on t h e one hand and 
between o c c u p a t i o n and e d u c a t i o n a l q u a l i f i c a t i o n on t h e o t h e r . 
( 6 ) The assumption t h a t t h e r e i s o r a t l e a s t s h o u l d be a d i s t i n c t i o n 
between p r o j e c t i o n s and f o r e c a s t s as t h e y a r e used i n t h e Manpower 
r e q u i r e m e n t s approach. PARNES (1964) e x p l a i n e d t h a t t h e p r o j e c t i o n s 
i n d i c a t e what w i l l happen i f t h e e d u c a t i o n system remains u n d i s t u r b e d . 
F o r e c a s t s i n d i c a t e what t h e e d u c a t i o n a l needs s h o u l d be i n t h e t a r g e t 
y e a r i f a c e r t a i n economic growth r a t e i s t o be r e a l i s e d . I n o t h e r 
words f o r e c a s t s a r e c o n d i t i o n a l p r e d i c t i o n s and f o r t h e purposes o f 
e d u c a t i o n a l p l a n n i n g do n o t need t o be d e t a i l e d . 
( 7 ) The assumption t h a t a l t h o u g h t h e maintenance o f t h e economic 
system i s t h e main f u n c t i o n , o t h e r f u n c t i o n s which e d u c a t i o n serves 
are n o t e x c l u d e d . On t h e c o n t r a r y a l a r g e p l a c e i s g i v e n t o s o c i a l 
and c u l t u r a l o b j e c t i v e s which u n d e r l i e t h e e d u c a t i o n a l needs. Manpower 
c r i t e r i a p r o v i d e a f i r s t e s t i m a t e o f t h e minimum e d u c a t i o n a l needs. 
To t h e s e , r e q u i r e m e n t s d e r i v e d f r o m o t h e r o b j e c t i v e s can be added. 
For a f u l l t r e a t m e n t o f t h e Manpower r e q u i r e m e n t s approach see PARNES 
(196 2 ) . 

A. Some m e t h o d o l o g i c a l a s p e c t s o f t h e Manpower r e q u i r e m e n t s approach 
There i s no s i n g l e g e n e r a l l y accepted method o f making Manpower 

f o r e c a s t s . BLAUG (1970) summarised t h e methods as: 
(a) The employer's o p i n i o n method. 
(b) The i n c r e m e n t a l l a b o r - o u t p u t r a t i o method. 
( c ) The d e n s i t y r a t i o method. 
( d ) The Parnes-MRP method. 

At t h i s p o i n t a d e s c r i p t i o n o f t h e methodology used i n t h e 
Me d i t e r r a n e a n Regional P r o j e c t (M.R.'P.) w i l l be p r e s e n t e d . M.R.P. was 
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a major o p e r a t i o n a l a c t i v i t y u n d e r t a k e n by t h e " O r g a n i z a t i o n f o r 
Economic C o o p e r a t i o n and Development" (O.E.C.D.) t o g e t h e r w i t h s i x o f 
i t s member c o u n t r i e s t o a p p l y a common methodology i n f o r m u l a t i n g t h e i r 
e d u c a t i o n a l p l a n s . I t r e p r e s e n t s one o f t h e most s i g n i f i c a n t e f f o r t s 
i n e d u c a t i o n a l p l a n n i n g t o move fr o m t h e o r y t o r e a l i t y and t o prove 
t h a t i t i s p o s s i b l e t o base e d u c a t i o n a l p l a n s on Manpower f o r e c a s t s . 
F u l l p r e s e n t a t i o n o f t h e M.R.P. i s g i v e n i n HOLLISTER ( 1 9 6 6 ) . B r i e f l y 
t h e sequence o f step s i s as f o l l o w s : 
Step 1: Since t h e l o g i c o f t h e Manpower approach i s t o l i n k t h e 
t a r g e t s o f t h e economic system w i t h t h o s e o f t h e economic one, e s t i m a t e s 
o f t h e t o t a l o u t p u t o f t h e economy d u r i n g t h e p l a n n i n g p e r i o d a r e 
exogenously p r o v i d e d by t h e economic p l a n i n t h e fo r m o f Gross N a t i o n a l 
Product (G.N.P.). 
Step 2: The t o t a l o u t p u t i s s u b d i v i d e d i n t o s e c t o r a l o u t p u t , such as 
a g r i c u l t u r e , m a n u f a c t u r i n g , e t c . 
Step 3: E s t i m a t e s o f t h e average l a b o r - o u t p u t c o e f f i c i e n t , which i s 
t h e i n v e r s e o f t h e s e c t o r a l p r o d u c t i v i t y , a r e t a k e n . The average 
l a b o r o u t p u t c o e f f i c i e n t r e p r e s e n t s t h e number o f persons employed per 
u n i t o f s e c t o r a l o u t p u t . M u l t i p l y i n g t h e s e e s t i m a t e s by t h o s e i n 
st e p 2 t h e r e s u l t a n t i s an e s t i m a t e o f t h e number o f wor k e r s r e q u i r e d 
i n each s e c t o r . 
Step 4: Es t i m a t e s o f t h e s e c t o r a l o c c u p a t i o n a l d i s t r i b u t i o n a r e t a k e n . 
M u l t i p l y i n g these e s t i m a t e s by t h e e s t i m a t e s o f s t e p 3, we g e t t h e 
number o f workers r e q u i r e d i n each o c c u p a t i o n , i n each s e c t o r . 
Step 5: E s t i m a t e s o f t h e t o t a l o c c u p a t i o n a l d i s t r i b u t i o n a r e d e r i v e d , 
by adding up t h e numbers i n a g i v e n o c c u p a t i o n f o r a l l s e c t o r s . 
Step 6: Es t i m a t e s o f t h e e d u c a t i o n a s s o c i a t e d w i t h o c c u p a t i o n . 
M u l t i p l y i n g t h e s e e s t i m a t e s w i t h t h e e s t i m a t e s r e p r e s e n t i n g t h e numbers 
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o f workers i n a g i v e n o c c u p a t i o n , g i v e s t h e numbers o f people w i t h 
each k i n d o f e d u c a t i o n i n each o c c u p a t i o n . 
Step 7: E s t i m a t e s o f t h e t o t a l e d u c a t i o n s t o c k . The e s t i m a t e s 
d e r i v e d i n s t e p 6 a r e added up over a l l o c c u p a t i o n s f o r each e d u c a t i o n a l 
l e v e l . The r e s u l t a n t a r e e s t i m a t e s o f t h e r e q u i r e d s t o c k o f t h e number 
o f w orkers i n t h e l a b o r f o r c e h a v i n g each t y p e o f e d u c a t i o n i n t h e 
t a r g e t y e a r . (= t a r g e t y e a r e d u c a t i o n a l s t o c k . ) 
Step 8: E s t i m a t e s o f t h e i n c r e m e n t o f manpower by e d u c a t i o n . The 
e s t i m a t e s o f s t e p 7 r e p r e s e n t t h e e d u c a t i o n a l s t o c k needed i n t h e t a r g e t 
y e a r i f a p r e d e t e r m i n e d growth path i s t o be a c h i e v e d . By s u b t r a c t i n g 
from t h e s e e s t i m a t e s t h o s e who are a l r e a d y i n t h e l a b o r ' f o r c e and who 
a r e expected t o s u r v i v e u n t i l t h e t a r g e t y e a r , we g e t t h e i n c r e m e n t o f 
manpower by e d u c a t i o n c a t e g o r y which w i l l be necessary t o be added t o 
t h e l a b o r f o r c e . 
Step 9: E s t i m a t e s o f t h e t o t a l o u t p u t f l o w . Since o n l y a p o r t i o n o f 
t h e g r a d u a t e s o f t h e e d u c a t i o n a l system e n t e r t h e l a b o r f o r c e e s t i m a t e s 
o f s t e p 8 must be m u l t i p l i e d by e s t i m a t e s o f t h e i n v e r s e o f l a b o r f o r c e 
p a r t i c i p a t i o n r a t e s o f such g r a d u a t e s . ' The r e s u l t a n t f i g u r e s r e p r e s e n t 
t h e f i n a l e s t i m a t e s o f t h e r e q u i r e d t o t a l f l o w o f g r a d u a t e s over t h e 
p l a n n i n g p e r i o d . 
The e s t i m a t i o n o f t h e o c c u p a t i o n a l d i s t r i b u t i o n o f t h e l a b o r f o r c e p l a y s 
a c e n t r a l r o l e i n t h e methodology d i s c u s s e d above. From s t e p 1 - 4 t h e 
number o f workers i n any o c c u p a t i o n i s d e t e r m i n e d by t h e f o u r f a c t o r s : 

(a) t h e number i n t h e o c c u p a t i o n j , a t s e c t o r i as a pe r c e n t a g e 
o f t h e employed l a b o r f o r c e i n t h i s s e c t o r , 

i . e 



8 

(b) t h e number o f workers per u n i t o f o u t p u t i n t h e s e c t o r 

( c ) t h e percentage d i s t r i b u t i o n o f GNP among s e c t o r s 

i . e . GNP 
GNP 

( d ) t h e l e v e l o f GNP . 

Thus; L i j = iTf; W {-w1} H 
I f f o r any y e a r these f a c t o r s are m u l t i p l i e d t o g e t h e r f o r each 

s e c t o r and then summed over a l l s e c t o r s i t h e r e s u l t a n t w i l l be the 
r e q u i r e d number o f workers i n t h a t p a r t i c u l a r o c c u p a t i o n i n t h a t p a r t i c u l a r 
y e a r . The e s t i m a t e d change i n t h e number o f workers i n t h e o c c u p a t i o n 
over t h e p e r i o d o f t h e p l a n can be a t t r i b u t e d t o t h e e s t i m a t e d change i n 
these f o u r f a c t o r s . The e d u c a t i o n a l r e q u i r e m e n t s a r e now c a l c u l a t e d as 
f r o m s t e p 6. 

B. C r i t i q u e o f t h e Manpower r e q u i r e m e n t s approach 
While t h e broad l o g i c o f t h i s approach i s hard t o argue w i t h t h e 

p r a c t i c a l a p p l i c a t i o n s r a i s e d a number o f problems. Some o f t h e most 
i m p o r t a n t i s s u e s w i l l be d i s c u s s e d below: 

(a) The o c c u p a t i o n - e d u c a t i o n problem 
The weakest l i n k i n t h i s approach i s t h e l a c k o f enough 

knowledge about t h e e x a c t r e l a t i o n s h i p s c o n c e r n i n g t h e o c c u p a t i o n a l 
e d u c a t i o n a l e s t i m a t e s . As a r e s u l t t hese e s t i m a t e s are based on v a r i o u s 
assumptions about t h e i r n a t u r e . 

- A n a l y s i s i n t h e M.R.P. showed t h a t t h e f i n a l e s t i m a t e s f o r 
e d u c a t i o n a l r e q u i r e m e n t s were v e r y s e n s i t i v e under t h e assumptions made. 
I f Manpower p l a n n i n g i s t o be used f o r e d u c a t i o n a l purposes an " o b j e c t i v e 
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means" s h o u l d be found t o t r a n s l a t e t h e o c c u p a t i o n a l e s t i m a t e s i n t o t h e 
e d u c a t i o n a l e q u i v a l e n t s . But both advocates and c r i t i c s o f t h i s approach 
agree t h a t v e r y l i t t l e i s known about t h i s c r i t i c a l r e l a t i o n s h i p between 
p a r t i c u l a r o c c u p a t i o n s and amount o f e d u c a t i o n t h e y r e q u i r e . 

(b) The s u b s t i t u t i o n problem 
T h i s q u e s t i o n concerns whether t h e o c c u p a t i o n a l i n p u t 

c o e f f i c i e n t s ( i . e . t h e number o f workers i n a c e r t a i n o c c u p a t i o n per 
u n i t o f o u t p u t ) a t a g i v e n p o i n t o f t i m e are f i x e d o r v a r i a b l e . R e q u i r e 
ments e s t i m a t e d on t h e assumption o f f i x e d c o e f f i c i e n t s may be e r r o n e o u s l y 
h i g h , because t h e y i g n o r e t h e p o s s i b i l i t y t h a t v a r i o u s i n p u t s may be 
s u b s t i t u t e d by o t h e r s . 

The r e s u l t s o f M.R.P. suggest t h a t s u b s t i t u t i o n p o s s i b i l i t i e s 
e x i s t a t a g i v e n p o i n t o f t i m e i n d i c a t i n g t h a t a range o f a l t e r n a t i v e 
manpower r e q u i r e m e n t s c o u l d be a v a i l a b l e , a l l c o m p a t i b l e w i t h a g i v e n 
economic t a r g e t . As i t was noted i n HOLLISTER (1966, p.73) ". . . the 
evidence of substitution possibilities can be viewed as indicative and 

not as conclusive. It follows that more basic research, using better 

data and more sophisticated techniques is required in order to establish 

on a more scientific basis the existence and range of substitution 

possibilities.". 

( c ) The impact o f t h e Manpower r e q u i r e m e n t s on t h e e d u c a t i o n a l system 
E d u c a t i o n a l r e q u i r e m e n t s as d e r i v e d i n t h e M.R.P. are composed 

o f t h r e e main elements: 
( 1 ) The e d u c a t i o n r e q u i r e d t o keep pace w i t h t h e growth o f t h e l a b o r 
f o r c e as a whole. 
( 2 ) The e d u c a t i o n r e q u i r e d t o a l l o w t h e necessary a d j u s t m e n t s i n t h e 
o c c u p a t i o n a l d i s t r i b u t i o n o f t h a t l a b o r f o r c e . 
( 3 ) The e d u c a t i o n r e q u i r e d because o f changes i n t h e k i n d o f e d u c a t i o n 
a s s o c i a t e d w i t h each o c c u p a t i o n ( i . e . t h e o c c u p a t i o n - e d u c a t i o n r e l a t i o n s h i p ) . 
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An argument developed on t h e s e i s s u e s q u e s t i o n i n g t h e 
s i g n i f i c a n c e o f t h e c o n t r i b u t i o n o f f a c t o r s ( 2 ) and ( 3 ) t o t h e e d u c a t i o n a l 
needs, on t h e grounds t h a t t h e e d u c a t i o n a l systems w i l l grow r o u g h l y i n 
accordance w i t h t h e economy and t h e l a b o r f o r c e and t h e r e f o r e e l a b o r a t e 
c a l c u l a t i o n s o f f a c t o r s ( 2 ) and ( 3 ) a r e n o t j u s t i f i e d . 

I n o r d e r t o demonstrate t h e impact o f f a c t o r s ( 2 ) and ( 3 ) on 
t h e e d u c a t i o n a l r e q u i r e m e n t s , s e n s i t i v i t y a n a l y s i s Was u n d e r t a k e n based 
on e s t i m a t e d Spanish data f o r t h e y e a r s 1960-75. For t h e purposes o f 
t h i s example i t was c o n s i d e r e d t h a t c o e f f i c i e n t s ( 2 ) and ( 3 ) formed t h e 
b a s i s o f Manpower r e q u i r e m e n t s and t h e r e f o r e t h e impact was j u d g e d by 
measuring t h e e f f e c t o f t h o s e two e l e m e n t s . More p r e c i s e l y , t h e f u t u r e 
r e q u i r e m e n t s f o r Higher e d u c a t i o n g r a d u a t e s and Secondary e d u c a t i o n were 
c a l c u l a t e d assuming f i r s t : o n l y changes i n element ( 1 ) , and second: 
changes i n a l l t h r e e elements. The r e s u l t i n d i c a t e d t h a t 57% o f t h e 
t o t a l e d u c a t i o n a l r e q u i r e m e n t s i n Higher e d u c a t i o n and 80% i n Secondary 
e d u c a t i o n were due t o elements (2) and ( 3 ) . Thus t h e impact o f t h e 
manpower r e q u i r e m e n t s on t h e e d u c a t i o n a l p l a n n i n g was q u i t e s i g n i f i c a n t , 

(d) The t e c h n o l o g i c a l change problem 
T h i s concerns t h e e f f e c t s o f t h e r a p i d t e c h n o l o g i c a l change 

on t h e o c c u p a t i o n a l s t r u c t u r e o f t h e s o c i e t y . I t i s n o t a problem 
a p p e a r i n g i n t h e e d u c a t i o n a l p l a n n i n g a c t i v i t i e s o n l y . I t a f f e c t s 
economic p l a n n i n g as w e l l and i t does n o t j u s t i f y by i t s e l f t h e 
abandonment o f t h e Manpower p l a n n i n g . 

1.4.2 The S o c i a l demand approach 
S o c i a l demand i s an ambiguous term which can be d e f i n e d i n 

d i f f e r e n t ways. The most commonly used i s t o mean t h e a g g r e g a t e p o p u l a r 
demand f o r e d u c a t i o n , t h a t i s , t h e sum t o t a l demand o f i n d i v i d u a l s who 
w i s h t o e n r o l i n t h e v a r i o u s l e v e l s and t y p e s o f t h e e d u c a t i o n a l system. 
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Whereas t h e Manpower r e q u i r e m e n t s approach c o n c e n t r a t e s on 
meeting t h e demand by i n d u s t r y f o r manpower, t h e S o c i a l demand approach 
i s based upon t h e n o t i o n t h a t p l a n n i n g s h o u l d be used t o a f f e c t t h e 
su p p l y o f educated manpower i r r e s p e c t i v e o f market demand. T h i s 
approach c a l l s f o r t h e p r o j e c t i o n o f t h e demand by i n d i v i d u a l s so t h a t 
e d u c a t i o n a l i n s t i t u t i o n s may adapt themselves t o t h e expected demand 
and any imbalances between s u p p l y and demand which w i l l a r i s e , i t i s 
assumed, cancel themselves o u t over t i m e . P h i l o s o p h i c a l l y , t h e approach 
commends i t s e l f t o th o s e who view e d u c a t i o n as a consumption b e n e f i t 
r a t h e r t h a n an i n v e s t m e n t . 

S o c i a l demand i s c e r t a i n l y t h e b a s i s on which e d u c a t i o n a l 
d e c i s i o n s a r e most f r e q u e n t l y made, a t l e a s t i n t h e i n d u s t r i a l i s e d 
c o u n t r i e s and even e d u c a t i o n a l p l a n s t h a t p u r p o r t t o be based on o t h e r 
methods o f t e n base a l a r g e p a r t o f t h e i r e s t i m a t e s on what s t u d e n t s and 
t h e i r f a m i l i e s a r e t h o u g h t t o d e s i r e . The p r i n c i p a l problem o f t h i s 
approach i s n o t so much i t s t h e o r e t i c a l b a s i s b u t t h e t e c h n i c a l d i f f i 
c u l t i e s which appear when c o n v e r t i n g t h e i n d i v i d u a l p r e f e r e n c e s i n t o 
c o n c r e t e f i g u r e s f o r o p e r a t i o n a l a c t i o n s . 

One o f t h e most i m p o r t a n t examples i n e d u c a t i o n a l p l a n n i n g 
based on t h e S o c i a l demand approach i s t h e now c l a s s i c ROBBINS REPORT 
(19 6 3 ) . I t comprises t h e f i r s t comprehensive survey o f Higher e d u c a t i o n 
i n B r i t a i n and most o f i t s recommendations have a l r e a d y been implemented. 

A. Some m e t h o d o l o g i c a l a s p e c t s o f t h e S o c i a l demand approach 
The u n d e r l y i n g p r i n c i p l e which g u i d e d t h e Robbins Report was 

t h a t "Courses of Higher education should be available for all who are . 

qualified by ability and attainment to pursue them and who wish to do 

so." ( p . 8 ) . T h i s p r i n c i p l e had then t o be c o n v e r t e d i n t o s p e c i f i c 
assumptions about which f a c t o r s i n f l u e n c e t h e i n d i v i d u a l ' s demand f o r 
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Higher e d u c a t i o n . The f o r e c a s t i n g t e c h n i q u e s can be found i n MOSER 
and LAYARD ( 1 9 6 4 ) . For t h e consequences o f t h e Robbins Report on 
the development o f t h e B r i t i s h e d u c a t i o n a l system see LAYNARD e t at. 

( 1 9 6 8 ) . A b r i e f d e s c r i p t i o n o f t h e s o c i a l t r e n d s on which t h e s t u d e n t 
p r o j e c t i o n s were based a r e : 

( a ) The r i s i n g b i r t h r a t e 
The r e s u l t o f t h i s f a c t o r was t o i n c r e a s e t h e numbers o f t h e 

annual age groups i n t h e v a r i o u s branches o f t h e e d u c a t i o n a l system and 
corresponds t o 7% o f t h e i n c r e a s e d number o f pl a c e s recommended by t h e 
Committee f o r t h e y e a r s 1973-74 and 1980-81. 

( b ) The r i s i n g l e v e l o f t h e e d u c a t i o n a l a t t a i n m e n t 
T h i s f a c t o r , t h e s o - c a l l e d "school t r e n d " was t h e most 

i m p o r t a n t and i t produces an i n c r e a s i n g p r o p o r t i o n o f t h e age group 
capable o f p r o c e e d i n g t o Higher e d u c a t i o n . Almost 55-60% o f t h e 
proposed i n c r e a s e d number o f pla c e s i s due t o "school t r e n d " . 

( c ) The p u b l i c a p p e t i t e f o r Higher e d u c a t i o n 
The Report e s t i m a t e d t h a t t h i s f a c t o r w i l l a ccount f o r 18% and 

13% o f t h e a d d i t i o n a l p l a c e s f o r t h e y e a r s 1973-74 and 1980-81 r e s p e c t i v e l y . 
( d ) Other m i s c e l l a n e o u s f a c t o r s 

F o r e i g n s t u d e n t s , e t c . were h e l d t o accou n t f o r about U % o f 
t h e i n c r e a s e d number o f p l a c e s . 

While t h e Manpower r e q u i r e m e n t s approach uses as i t s s t a r t i n g 
p o i n t t h e r e q u i r e d o u t p u t , t h e S o c i a l demand approach begins f r o m t h e 
i n p u t s o f t h e e d u c a t i o n a l system ( i . e . s t u d e n t s , t e a c h e r s , e t c . ) . I t 
c o n s i d e r s t h e e d u c a t i o n a l system as a r a t h e r complex p r o d u c t i o n system 
and t h e v a r i o u s i n p u t s proceed t h r o u g h i t f r o m one branch t o a n o t h e r . 
The o u t p u t s o f t h e process a r e t h e educated people. 
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The procedure o f making e s t i m a t e s , used f o r t h e f i r s t t i m e i n 
th e Robbihs R e p o r t , as now p r a c t i s e d a t D.E.S. c o n s i s t s o f s i x s t a g e s . 
The p r o j e c t i o n o f each stage i s used as an i n p u t t o t h e n e x t s t a g e . 
(See EDUCATIONAL PLANNING PAPER No.2, 1970, and ARMITAGE, 1973). 
These stages are as f o l l o w s : 
Stage 1: The p r o j e c t i o n s o f school p o p u l a t i o n s 

I n t h i s s t a g e e s t i m a t e s o f t h e f u t u r e numbers o f p u p i l s by 
age are made. The f i g u r e s depend on t h e s i z e o f age groups as t h e y a r e 
g i v e n by t h e Government A c t u a r y ' s Department, t o g e t h e r w i t h t h e e s t i m a t e d 
p r o p o r t i o n o f each age group who w i l l be i n school d u r i n g t h e p l a n n i n g 
p e r i o d . 
Stage 2: The p r o j e c t i o n o f t h e school l e a v e r s by age 

From stage 1 , t h e f i g u r e s which r e p r e s e n t t h e e n t i r e school 
p o p u l a t i o n e s t i m a t e s , t h e p r o j e c t i n g numbers c o r r e s p o n d i n g t o school 
l e a v e r s by age i n any y e a r o f t h e p l a n n i n g p e r i o d a r e s e l e c t e d . 
Stage 3: The p r o j e c t i o n o f school l e a v e r s w i t h a g i v e n number o f 

qua!i f i c a t i o n s 
At t h i s stage t h e e s t i m a t e s a r e o b t a i n e d by m u l t i p l y i n g t h e 

e s t i m a t e d number o f l e a v e r s o f each age ( s t a g e 2) by t h e p r o p o r t i o n s 
expected t o g a i n a g i v e n number o f q u a l i f i c a t i o n s . ( I t has been assumed 
t h a t t h e p r o p o r t i o n o f GCE h o l d e r s w i l l remain t h e same i n t h e f u t u r e as 
i t has been i n t h e p a s t . ) 
Stage 4: P r o j e c t i n g t h e numbers o f e n t r a n t s i n t o Higher e d u c a t i o n 

Having p r o j e c t e d t h e numbers o f l e a v e r s w i t h g i v e n q u a l i f i c a t i o n s 
t h e n e x t s t e p i s t o d e t e r m i n e t h e number o f q u a l i f i e d people who w i l l 
e n t e r Higher e d u c a t i o n . T h i s i s done a c c o r d i n g t o two c r i t e r i a ; ( a ) by 
e x t r a p o l a t i n g p a s t t r e n d s o f t h e v a r i o u s d e s t i n a t i o n s o f t h e l e a v e r s , and 
(b) a c c o r d i n g t o Robbins p o s t u l a t e t h a t : t h e p r o p o r t i o n o f q u a l i f i e d 
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school l e a v e r s who e n t e r Higher e d u c a t i o n s h o u l d n o t i n t h e l o n g run 
f a l l below t h e l e v e l reached d u r i n g t h e 60's. I n d e t e r m i n i n g t h e t o t a l 
number o f e n t r a n t s account was taken o f those coming n o t o n l y f r o m 
school b u t fr o m F u r t h e r e d u c a t i o n i n s t i t u t i o n s , overseas and employment 
a l so. 
Stage 5: C a l c u l a t i n g t h e number o f p l a c e s 

At t h i s stage t h e number o f pla c e s r e q u i r e d w i t h i n t h e Higher 
e d u c a t i o n a l i n s t i t u t i o n s i s d e r i v e d from t h e number o f e n t r a n t s c a l c u l a t e d 
i n stage 4 t o g e t h e r w i t h a p p r o p r i a t e assumptions about t h e l e n g t h o f t i m e 
t h e s t u d e n t spends i n Higher e d u c a t i o n . The d e v i c e adopted by t h e 
Robbins Report i s t h e n o t i o n o f " e f f e c t i v e l e n g t h o f co u r s e " . T h i s i s 
a s i n g l e f i g u r e and "it broadly reflects the average duration of courses 
-in a sector as reduced by wastage and as extended by repeating years of 

course." (EDUCATION PLANNING PAPER No.2, 1970, p.20) . 
Stage 6: C a l c u l a t i n g U n i t c o s t s 

The f i n a l s t a g e d e t e r m i n e s t h e U n i t c o s t per p l a c e i n each 
s e c t o r o f t h e system. M u l t i p l y i n g by t h e p r o j e c t e d number o f pl a c e s 
t h e t o t a l P u b l i c e x p e n d i t u r e on Higher e d u c a t i o n i s o b t a i n e d . 

Chapters 6 and 11 o f t h e Report g i v e a f u l l r e f e r e n c e t o t h e 
d e t a i l e d procedure s e t i n t h e Robbins Report. 

B. C r i t i q u e o f t h e S o c i a l demand approach 
Three main c r i t i c i s m s were made a g a i n s t t h i s approach, 

(a) That t h e p r o j e c t e d numbers do n o t r e p r e s e n t t h e a c t u a l s o c i e t a l 
demand f o r e d u c a t i o n . PARNES (1964) noted t h a t t h e i n d i v i d u a l ' s 
demands depend^ on t h e Government's e d u c a t i o n a l p o l i c y , s i n c e , w i t h i n 
c e r t a i n l i m i t s i t d e t e r m i n e s t h e number o f p l a c e s , t u i t i o n f e e s , e t c . 
On t h e o t h e r hand t h e Government can a r b i t r a r i l y boost s o c i a l demand by 
i n c r e a s i n g t h e minimum school l e a v i n g age, o f f e r i n g f r e e e d u c a t i o n , 
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i m p r o v i n g g r a n t s o r i n c r e a s i n g t h e d i f f e r e n t i a l wage r e t u r n f o r 
a c q u i r i n g s k i l l s . T h e r e f o r e t h e r e i s a c i r c u l a r i t y i n t h i s approach 
and i t cannot p r o v i d e much h e l p f o r d e c i s i o n making. 

(b) That i t does n o t t a k e i n t o c o n s i d e r a t i o n whether t h e e x p e n d i t u r e 
i n e d u c a t i o n i s w o r t h w h i l e i n comparison w i t h o t h e r p u b l i c p r o j e c t s such 
as h e a l t h , c r i m e c o n t r o l , e t c . I n o t h e r words i t i g n o r e s t h e broader 
n a t i o n a l problems o f r e s o u r c e a l l o c a t i o n and i m p l i c i t l y assumes t h a t no 
m a t t e r what t h e e d u c a t i o n a l e x p e n d i t u r e i s i t s h o u l d be c o v e r e d . 

( c ) As BLAUG (1967) put i t : "Social demand projections represent 

something tike a minimum effort at foresight telling the educational 

planner not what to do} but rather what will happen if he does exactly 

what he has been doing in the past". 

Of course a l l these do n o t mean t h a t t h e s o c i a l demand e s t i m a t e s 
are w o r t h l e s s . They are i n d i s p e n s a b l e a t l e a s t f o r one t h i n g : t h e 
ass e s s i n g i n broad terms whether t h e i n d i v i d u a l ' s wishes f o r e d u c a t i o n 
can be met w i t h i n t h e e x i s t i n g c o n t e x t o f t h e e d u c a t i o n a l system. 

1.4.3 The C o s t - B e n e f i t approach 
I t i s now g e n e r a l l y accepted t h a t e x p e n d i t u r e on e d u c a t i o n 

c o n s t i t u t e s a fo r m o f i n v e s t m e n t , which y i e l d s b e n e f i t s i n t h e f u t u r e 
both t o i n d i v i d u a l s r e c e i v i n g t h e e d u c a t i o n and t o s o c i e t y as a whole 
by i n c r e a s i n g t h e p r o d u c t i v e c a p a c i t y o f i t s members. 

C o s t - B e n e f i t a n a l y s i s i n v o l v e s a s y s t e m a t i c comparison o f t h e 
c o s t s and b e n e f i t s i n o r d e r t o assess t h e economic p r o f i t a b i l i t y o f 
a d d i t i o n a l e d u c a t i o n . A l l forms o f i n v e s t m e n t i m p l y a s a c r i f i c e o f 
p r e s e n t consumption i n o r d e r t o secure f u t u r e b e n e f i t s i n t h e f o r m o f 
h i g h e r l e v e l s o f o u t p u t . I t p r o v i d e s a means o f a p p r a i s i n g t h e s e f u t u r e 
b e n e f i t s i n t h e l i g h t o f t h e c o s t s t h a t must be i n c u r r e d i n t h e p r e s e n t . 
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The t h e o r e t i c a l development o f t h e concept o f Human C a p i t a l , 
which u n d e r l i e s t h e C o s t - B e n e f i t approach t o e d u c a t i o n a l p l a n n i n g , as 
w e l l as e a r l y e m p i r i c a l s t u d i e s on t h e s u b j e c t , can be found i n SCHULTZ 
( 1 9 6 3 ) , BECKER ( 1 9 6 4 ) . 

A. Some m e t h o d o l o g i c a l a s p e c t s o f t h e C o s t - B e n e f i t approach 
For t h e purposes o f C o s t - B e n e f i t a n a l y s i s , e x p e n d i t u r e i n 

e d u c a t i o n i s t a k e n t o mean n o t t h e money spent each y e a r b u t t h e r e a l 
r e s o u r c e s devoted t o e d u c a t i o n which a r e t h e r e f o r e n o t a v a i l a b l e f o r 
any o t h e r economic a c t i v i t y . C o s t - B e n e f i t a n a l y s i s can be a p p l i e d t o 
e i t h e r i n d i v i d u a l s (= p r i v a t e C o s t - B e n e f i t a n a l y s i s ) o r t o s o c i e t y as 
a whole (= s o c i a l C o s t - B e n e f i t a n a l y s i s ) . 

I n b o t h cases t h e t o t a l c o s t s a r e composed o f d i r e c t c o s t s 
and i n d i r e c t ones (= o p p o r t u n i t y c o s t s ) . The s o c i a l d i r e c t c o s t s 
i n c l u d e t e a c h e r s ' s a l a r i e s , i n s t i t u t i o n a l c o s t s , e t c . , and t h e i n d i r e c t 
ones e a r n i n g s f o r e g o n e by s t u d e n t s . I f C o s t - B e n e f i t a n a l y s i s i s used 
f o r e v a l u a t i n g e d u c a t i o n as a form o f i n v e s t m e n t f o r t h e i n d i v i d u a l t h e n 
t h e d i r e c t p r i v a t e c o s t s i n c l u d e f e e s (minus s c h o l a r s h i p s ) , e x p e n d i t u r e 
on books, e t c . The i n d i r e c t c o s t s which c o n s t i t u t e t h e major ones a r e 
th e e a r n i n g s f o r e g o n e by t h e i n d i v i d u a l . A common measure o f t h e 
i n d i v i d u a l ' s b e n e f i t s a r e t h e l i f e t i m e e a r n i n g s d i f f e r e n t i a l s . 

Once t h e Costs and B e n e f i t s o f a l t e r n a t i v e i n v e s t m e n t 
a c t i v i t i e s have been c a l c u l a t e d t h e comparison among them can be 
ach i e v e d by e i t h e r 

n B 4 / n C, 
(a) The C o s t - B e n e f i t R a t i o : Z — t = l ( l + r ) 1 j t = l ( l + r ) 1 

n B. n C. 
(b) The Net Present Value : Z z . - z 

t = l ( l + r ) t t = l ( l + r ) * 
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( c ) The Rate o f Return t h a t i s t h e d i s c o u n t r a t e a t which t h e 
p r e s e n t v a l u e o f expected B e n e f i t s and 
t h e p r e s e n t v a l u e o f Costs are equal 

n B 
t = l 1+r 

= 0 

where: B Expected B e n e f i t s i n y e a r t 
Expected Costs i n y e a r t 

r D i s c o u n t r a t e 
t I n v e s t m e n t t i m e i n y e a r s . 

B C r i t i q u e o f t h e C o s t - B e n e f i t approach 
A number o f o b j e c t i o n s have been r a i s e d a g a i n s t t h i s approach. 

BLAUG (1970) summarised them i n t o s i x groups: 
(a ) E a r n i n g s d i f f e r e n t i a l s r e f l e c t d i f f e r e n c e s n o t o n l y i n e d u c a t i o n 

but i n n a t u r a l a b i l i t y , s o c i a l c l a s s background, m o t i v a t i o n , 
e t c . , i n such a way t h a t i t i s i m p o s s i b l e t o i s o l a t e t h e pure 
e f f e c t o f e d u c a t i o n and c o n s e q u e n t l y t o measure i t by t h e 
e a r n i n g s d i f f e r e n t i a l . 

One o f t h e American surveys by DENISON (1964) suggested t h a t about 2/3 
o f t h e e x t r a e a r n i n g s o f t h e h i g h l y educated workers can be e x p l a i n e d by 
t h e i r a d d i t i o n a l e d u c a t i o n , t h e o t h e r 1/3 i s a t t r i b u t a b l e t o n a t i v e 
a b i l i t y o r s o c i a l c l a s s . Sometimes t h i s a d j u s t m e n t i s r e f e r r e d t o as 
t h e "Alpha c o e f f i c i e n t " . 

( b ) Because o f market i m p e r f e c t i o n s d i f f e r e n c e s i n e a r n i n g s do n o t 

be used as a measure o f t h e d i r e c t economic b e n e f i t s . 
To argue t h a t because o f market i m p e r f e c t i o n s o r t r a d e u n i o n s b a r g a i n i n g 
e a r n i n g s t e l l us n o t h i n g about t h e c o n t r i b u t i o n o f t h e v a r i o u s groups t o 
t h e t o t a l o u t p u t seems a r a t h e r e x a g g e r a t e d p o i n t o f view. On t h e o t h e r 

c o r r e s p o n d t o d i f f e r e n c e s i n p r o d u c t i v i t y and t h e r e f o r e cannot 



18 

hand i t would be absurd t o deny t h a t such f a c t s do have an e f f e c t on 
e a r n i n g s . What a l l t h i s means i s t h a t e a r n i n g s d i f f e r e n t i a l s a r e some, 
though n o t a p e r f e c t , measure o f t h e s u p p l y and demand o f s k i l l s . 

( c ) E a r n i n g s d i f f e r e n t i a l s do n o t r e f l e c t t h e non-economic b e n e f i t s 
o f e d u c a t i o n . 

The b a s i c i s s u e o f C o s t - B e n e f i t i s t h e i n v e s t m e n t a s p e c t s o f e d u c a t i o n 
and how t o c a l c u l a t e t h e d i r e c t economic b e n e f i t s . T h i s approach does 
n o t deny t h e e x i s t e n c e o f o t h e r non-economic b e n e f i t s o f t h e e d u c a t i o n a l 
process. On t h e o t h e r hand none o f t h e a l t e r n a t i v e approaches have 
succeeded i n measuring t h e i n d i r e c t e f f e c t o f e d u c a t i o n . 

(d ) C o s t - B e n e f i t a n a l y s i s assumes f u l l employment o f educated 
people though many c o u n t r i e s a r e e x p e r i e n c i n g unemployment o f 
U n i v e r s i t y g r a d u a t e s and/or Secondary school l e a v e r s . 

Even when unemployment c o n d i t i o n s e x i s t i n a c o u n t r y t h e method can 
s t i l l be a p p l i e d by a d j u s t i n g t h e e a r n i n g s i n such a way as t o t a k e 
account o f t h e unemployment r a t e s . I f t h e r e i s a l a c k o f a p p r o p r i a t e 
d a t a , some r e a s o n a b l e e s t i m a t e s can be made about t h e average r a t e o f 
unemployment and w e i g h t t h e e a r n i n g s by t h e r a t e s . Examples o f t h i s 
case c o n c e r n i n g I n d i a can be found i n BLAUG, e t al. ( 1 9 6 9 ) . 

(e) E a r n i n g s d i f f e r e n t i a l s o b t a i n e d o f t e n f r o m p a s t data r e f l e c t 
t h e r e l a t i o n s between demand and s u p p l y which o c c u r r e d i n t h e 
p a s t , whereas t h e main i s s u e o f e d u c a t i o n a l p l a n n i n g concerns 
t h e f u t u r e . So t h i s approach i s a poor t o o l f o r p l a n n i n g . 

C o s t - B e n e f i t a n a l y s i s i s a fo r m o f m a r g i n a l a n a l y s i s which measures t h e 
e f f e c t s o f small changes o f t h e v a r i a b l e s i n v o l v e d . I t measures t h e 
p r o f i t a b i l i t y o f past l e v e l s o f i n v e s t m e n t i n terms o f p r e s e n t r e l a t i o n 
s h i p between s u p p l y and demand. The r e s u l t o f t h e s e c a l c u l a t i o n s 
( e i t h e r a r a t e o f r e t u r n o r a C o s t - B e n e f i t r a t i o o r a n e t p r e s e n t v a l u e ) 
can be used f o r f u t u r e e s t i m a t i o n o f p r o f i t a b i l i t y o n l y i f t h e p r e s e n t 
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c o n d i t i o n s o f s u p p l y and demand o f educated people a r e m a i n t a i n e d . I f 
t h e e d u c a t i o n a l a u t h o r i t i e s a r e c o n t e m p l a t i n g non-marginal changes t h e n 
t h e p r e s e n t r a t e s o f r e t u r n w i l l n o t c o n t i n u e . I n such a case 
C o s t - B e n e f i t a n a l y s i s i s n o t e f f i c i e n t . 

( f ) I n d i v i d u a l s do n o t make e d u c a t i o n a l c h o i c e s on a pure economic 
b a s i s and t h e r e f o r e p r i v a t e r a t e s o f r e t u r n a r e meaningless. 

T h i s o b j e c t i o n misses t h e p o i n t o f t h e C o s t - B e n e f i t approach. E s t i m a t e s 
o f t h e p r i v a t e r a t e s o f r e t u r n due t o e d u c a t i o n a r e i n t e n d e d t o measure 
how p r o f i t a b l e i t i s f o r t h e i n d i v i d u a l t o spend money on h i s own educat
i o n , as a way o f i n c r e a s i n g h i s f u t u r e e a r n i n g s . They do n o t assume 
t h a t t h e economic b e n e f i t s a r e t h e s o l e m o t i v a t i o n f o r a l l e d u c a t i o n a l 
d e c i s i o n s . F i n a n c i a l b e n e f i t s a r e j u s t one, though f o r many people an 
i m p o r t a n t , f a c t o r i n f l u e n c i n g e d u c a t i o n a l c h o i c e s . MORRIS (1973) 
n o t i c e d t h a t C o s t - B e n e f i t c a l c u l a t i o n s f r o m t h e i n d i v i d u a l ' s p o i n t o f 
view may thr o w l i g h t on f u t u r e t r e n d s o f p r i v a t e demand f o r c e r t a i n 
t y p e s , c o u r s e s , and s u b j e c t s and so p r o v i d e evidence f o r , say, t h e S o c i a l 
demand approach. 

F i n a l l y , i t m i g h t be s a i d , t h a t t h e most i m p o r t a n t a s p e c t o f 
t h e C o s t - B e n e f i t approach i s t h a t i t p r o v i d e s a c o n c e p t u a l framework f o r 
t h e e x a m i n a t i o n o f t h e c o s t s o f e d u c a t i o n i n r e l a t i o n t o t h e r e l a t i v e 
e a r n i n g s o f t h e educated manpower. An i n t r o d u c t i o n t o t h e C o s t - B e n e f i t 
approach can be found i n WOODHALL ( 1 9 7 0 ) . 

A model o f t h i s k i n d u t i l i s i n g t h e m a t h e m a t i c a l t e c h n i q u e o f 
Dynamic Programming w i l l be d i s c u s s e d i n c h a p t e r I I I . 

* 

1.4.4 Other approaches t o e d u c a t i o n a l p l a n n i n g 
I n r e c e n t y e a r s c o n s i d e r a b l e work i n t h e t h e o r y and a p p l i c a t i o n s 

o f e d u c a t i o n a l p l a n n i n g has ta k e n p l a c e , which cannot be s t r i c t l y c l a s s i 
f i e d i n t o any o f t h e t h r e e main approaches d i s c u s s e d so f a r . T y p i c a l 
examples o f t h i s work a r e t h e ec o n o m e t r i c model o f TIMBERGEN and BOSS 
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( 1 9 6 4 ) , STONE ( 1 9 6 5 ) , ARMITAGE et at. ( 1 9 6 7 ) , THONSTAND (1969) e t c . 
BOWEN (1963) p r e s e n t e d a survey on t h e c o n t r i b u t i o n o f Economics t o 
e d u c a t i o n a l p l a n n i n g . For r e c e n t b i b l i o g r a p h i e s on t h e economics o f 
e d u c a t i o n and e d u c a t i o n a l p l a n n i n g see HUFNER ( 1 9 6 8 ) , and BLAUG ( 1 9 7 0 ) . 

The approaches d e s c r i b e d i n t h i s c h a p t e r have been shown t o 
i n v o l v e v e r y g e n e r a l assumptions about t h e i n t e r r e l a t i o n s h i p s o f s o c i a l , 
economic and e d u c a t i o n a l f a c t o r s ; d e t a i l e d a p p l i c a t i o n s t o e d u c a t i o n a l 
p l a n n i n g a r e d e s c r i b e d i n c h a p t e r I I . Less c o n t r o v e r s i a l l y p l a n n i n g 
w i t h l i m i t e d aims a t r e g i o n a l o r i n s t i t u t i o n a l l e v e l can a l s o make use 
o f m a t h e m a t i c a l programming t e c h n i q u e s and some examples o f t h i s a r e 
g i v e n a l s o i n c h a p t e r I I . 
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CHAPTER I I 

MATHEMATICAL PROGRAMMING AND EDUCATIONAL PLANNING 

The purpose o f t h i s c h a p t e r i s t w o f o l d . F i r s t t o d e s c r i b e 
i n v e r y broad terms some o f t h e ma t h e m a t i c a l programming t e c h n i q u e s 
which have been used i n e d u c a t i o n a l p l a n n i n g models and sec o n d l y t o 
p r e s e n t a survey o f a p p l i c a t i o n s o f t h e s e t e c h n i q u e s i n v a r i o u s problem 
areas o f e d u c a t i o n a l p l a n n i n g . 

S e c t i o n 2.1 i s devoted t o programming t e c h n i q u e s . The 
a p p l i c a t i o n s a r e d e a l t w i t h i n s e c t i o n s 2.2 and 2.3. 

2.1 The mat h e m a t i c a l programming problem and r e l a t e d t e c h n i q u e s 

a f u n c t i o n o f one o r more v a r i a b l e s may be r e f e r r e d t o as an o p t i m i s a t i o n 
problem. Such problems have been known f o r a l o n g t i m e . I n t h e l a s t 
y e a r s a new c a t e g o r y o f o p t i m i s a t i o n problems have a r i s e n , i n t h e c o n t e x t 
o f economics p a r t i c u l a r l y , c o n c e r n i n g t h e a l l o c a t i o n o f scarce r e s o u r c e s 
t o competing a c t i v i t i e s . Problems o f t h i s k i n d a r e r e f e r r e d t o as p r o 
gramming problems. Thus, m a t h e m a t i c a l programming i s a q u a n t i t a t i v e 
approach t o the s e problems where some c r i t e r i o n o f e f f e c t i v e n e s s i s t o 
be maximised o r m i n i m i s e d s u b j e c t t o a s e t o f c o n s t r a i n t s . 

M a t h e m a t i c a l l y t h e g e n e r a l programming problem can be f o r m u l a t e d 

Any problem d e a l i n g w i t h t h e m a x i m i s a t i o n o r m i n i m i s a t i o n o f 

as f o l l o w s : 
F i n d a s e t o f v a r i a b l e s x 1 ' A 2 ' x such as t o n 

Maximise/minimise z = f ( x - , , ... x ) (1) 

S u b j e c t t o g.(x x j < >y b i v n i = 1 , ... m (2) 
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I n t h e above f o r m u l a t i o n g - ( x n , ... x ) a r e assumed t o be 
s p e c i f i e d f u n c t i o n s and b^ known c o n s t a n t s . 

Techniques have been developed t o s o l v e s p e c i a l cases o f 
t h i s , e.g. L i n e a r programming, I n t e g e r , Q u a d r a t i c , e t c . A few o f 
t h e most w i d e l y used t e c h n i q u e s i n e d u c a t i o n a l p l a n n i n g a r e d i s c u s s e d 
below w i t h o u t any d e t a i l e d development o f t h e s u b j e c t . 

2.1.1 L i n e a r programming 
n 

When i n ( 1 ) and ( 2 ) z = f ( x , , ... x ) = E c-x. and 
n j _ 1 J J 

n 
g . ( x , , ... x ) - E a..n., i - 1 , ... m, r e s p e c t i v e l y , t h e 

1 1 n j = l 
g e n e r a l programming model becomes a l i n e a r one and t a k e s t h e f o l l o w i n g 
l e g i t i m a t e f o r m s : 
F i n d x - j , ... x n such as t o : 

n 
Maximise/minimise z = E c.x. ( 3 ) 

j = l J J 

S u b j e c t t o E a - j j x j |>:» = ,<.| b.., i = 1 , ... m (4) 

and x. > 0 , j = 1 , ... n ( 5 ) 
where i = t h e number o f l i m i t e d r e s o u r c e s ( i = 1 , ... m) 

j = t h e number o f a c t i v i t i e s ( j = 1, ... n) 
z = t h e o v e r a l l measure o f e f f e c t i v e n e s s 
x. = d e c i s i o n v a r i a b l e s r e p r e s e n t i n g t h e l e v e l o f a c t i v i t y j 

J c. = t h e i n c r e a s e i n z due t o each u n i t i n c r e a s e o f x . J J 
b^ = t h e a v a i l a b l e amount o f r e s o u r c e i 

a.. = t h e amount o f r e s o u r c e i consumed by each u n i t o f " i j a c t i v i t y j . 
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Problems w i t h t h i s s t r u c t u r e may a l s o a r i s e i n c o n t e x t s o t h e r 
t h an t h o s e concerned w i t h a l l o c a t i o n o f l i m i t e d r e s o u r c e s among 
competing a c t i v i t i e s . 

I n common L i n e a r programming t e r m i n o l o g y (3) i s 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 problem. The r e s t r i c t i o n s ( 4 ) a re c a l l e d t h e f u n c t i o n a l 
c o n s t r a i n t s . The r e s t r i c t i o n s ( 5 ) a r e c a l l e d t h e n o n n e g a t i v i t y 
c o n s t r a i n t s and t h e i n p u t c o n s t a n t s a.-, b., c. a r e t h e parameters 

"^3 3 
of t h e model. 

I t can be shown t h a t any L i n e a r programming problem can be 
I t 

r e w r i t t e n so t h a t fee f i t s t h e s t a n d a r d p a t t e r n : 
Find x-|, ... x n such as t o : 

n 
Maximise z = I c .x. 

j = l J J 

n 
S u b j e c t t o E a . .x . <. b., i = 1, ... m 

j = l 1 J J 1 

and x. > 0 j = 1 , ... n 
3 

I n m a t r i x n o t a t i o n t h e above problem can be r e p r e s e n t e d as: 
Fin d a column v e c t o r X such as t o : 

Maximise z = CX 
S u b j e c t t o AX < B 
and X > 0 

where X = a column v e c t o r (n x 1) 
C = a row v e c t o r (1 x n) o f t h e o b j e c t i v e f u n c t i o n 

c o e f f i c i e n t s 
B = a column v e c t o r (n x 1) combing t h e R.H.S. o f t h e 

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

o b j e c t i v e f u n c t i o n . 
The s t r u c t u r e o f t h e L i n e a r programming model i m p l i e s t h a t 

measures o f e f f e c t i v e n e s s a r e p r o p o r t i o n a l t o t h e x^ and a d d i t i v e i n 
k . The produced are o f c o u r s e n o t n e c e s s a r i l y i n t e g e r s . 
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The concept o f D u a l i t y 
One i m p o r t a n t e x t e n s i o n o f L i n e a r programming i s t h e 

development o f t h e concept o f D u a l i t y . T h i s term i m p l i e s t h a t t o e v e r y 
L i n e a r programming problem corresponds a dual problem. Given a L i n e a r 
programming problem ( t h e p r i m a l ) i n t h e s t a n d a r d f o r m d i s c u s s e d above, 
i t s dual i s : 
F i n d y - j , ... y m such as t o 

m 
M i n i m i s e y = Z b.y. 

0 = i 1 1 

m 
S u b j e c t t o E a..y. > c, j = 1 , ... n 

i - 1 1 J 1 J 

and y. > 0 i = 1 , ... m 

A p a r t f r o m t h e f a c t t h a t t h e f o r m u l a t i o n o f t h e dual problem 
a r i s e s i n t h e c o m p u t a t i o n , t h e economic i n t e r p r e t a t i o n o f i t i s i n t e r e s t 
i n g . The dual v a r i a b l e s tj.. ( i = 1 , ... m) r e p r e s e n t t h e c u r r e n t 
u n i t c o n t r i b u t i o n o f a l l r e s o u r c e s t h a t would be consumed by one u n i t 

m 
o f a c t i v i t y j , y = E b.y. t h e t o t a l i m p l i e d v a l u e o f t h e 

0 i = l 1 1 

r e s o u r c e s consumed by t h e a c t i v i t i e s and f i n a l l y t h e c o n s t r a i n t s 
m 
£ a-M-V-; — c n ' ( j = 1 , ... n) i n d i c a t e t h a t t h e c o n t r i b u t i o n o f t h e 

i = l 1 J 1 J 

r e s o u r c e s t o t h e c r i t e r i o n o f e f f e c t i v e n e s s must be a t l e a s t equal t o 
t h e u n i t c o n t r i b u t i o n o f a c t i v i t y j . 

S p e c i a l t y p e s o f L i n e a r programming problems 
P r o b a b l y t h e most i m p o r t a n t s p e c i a l t y p e L i n e a r programming 

problems which appear f r e q u e n t l y i n t h e e d u c a t i o n a l p l a n n i n g l i t e r a t u r e 
a r e t h o s e o f t h e c l a s s i c a l t r a n s p o r t a t i o n problem and t h e v e r y c l o s e l y 
r e l a t e d assignment problem. 
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The g e n e r a l t r a n s p o r t a t i o n problem i s concerned w i t h 
d i s t r i b u t i n g any commodity f r o m any group o f s u p p l y c e n t r e s , c a l l e d 
r e s o u r c e s , t o any group o f r e c e i v i n g c e n t r e s , c a l l e d d e s t i n a t i o n s , i n 
such a way as t o m i n i m i s e t o t a l d i s t r i b u t i o n c o s t s . 

The f o r m u l a t i o n o f t h i s problem becomes: 
Fin d x.^ ( i = 1 , ... m, j = 1 , ... n) such as t o 

m n 
M i n i m i s e z = Z Z c. -x. . 

i = l j = l 1 J 1 J 

n 
E 

j = l 
S u b j e c t t o E x.. = S- i = 1 , ... m 

1 J "1 * 

n E x . . = d . j = 1 , . 

and x. . >. 0 a l l i , j 

where z = t h e t o t a l d i s t r i b u t i o n c o s t 
m = t h e number o f sources ( i = 1, ... m) 
n = t h e number o f d e s t i n a t i o n s ( j = 1 , ... n) 
s.j = s u p p l y f r o m source i 
d j = demand a t d e s t i n a t i o n j 

c.. = c o s t per u n i t d i s t r i b u t e d f r o m source i t o 
J d e s t i n a t i o n j 

x.. = t h e number o f u n i t s t o be d i s t r i b u t e d f r o m source i 
t o d e s t i n a t i o n j . 

m n 
I n g e n e r a l E s. = E d. . I f t h i s c o n d i t i o n i s n o t s a t i s f i e d a 

i = l 1 j = l J 

f i c t i t i o u s source o f - d e s t i n a t i o n can be i n t r o d u c e d t o c o n v e r t i t i n t o 
t h e above p a t t e r n . Any L i n e a r programming problem which f i t s t h i s 
s p e c i a l s t r u c t u r e r e g a r d l e s s o f i t s p h y s i c a l c o n t e x t i s o f 
t r a n s p o r t a t i o n t y p e . 
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The assignment problem i s concerned w i t h t h e a l l o c a t i o n o f 
re s o u r c e s t o a c t i v i t i e s on a one t o one b a s i s . There i s a c o s t a s s o c i 
a t e d w i t h assignment and t h e o b j e c t i v e i s t o d e t e r m i n e how t h e assignments 
s h o u l d be made i n o r d e r t o m i n i m i s e t h e t o t a l c o s t s . T h i s problem i s a 
s p e c i a l t y p e o f t h e t r a n s p o r t a t i o n problem w i t h t h e assignees b e i n g 
i n t e r p r e t e d as sources each h a v i n g a s u p p l y o f one and t h e assignments 
as d e s t i n a t i o n s w i t h a demand o f one. Thus t h e f o r m u l a t i o n now becomes: 
Fin d ( i = 1, ... m, j = 1 , ... n) such as t o 

n n 
Mi n i m i s e z = E E c. -x. . 

i = l j = l 1 J 1 J 

n 
S u b j e c t t o E x.. = 1 i = 1 , ... m 

m 
E x.. = 1 j = 1 

i = l 1 J 

x . j j ^ 0 a l l i , j 

2.1.2 I n t e g e r programming 
Very o f t e n t h e d e c i s i o n v a r i a b l e s o f a problem make sense o n l y 

i f t h e y have i n t e g e r v a l u e s . I f , i n t h e g e n e r a l I n t e g e r programming 
p r o b l e m , t h e r e s t r i c t i o n x. = 0, 1 , 2, ... ( f o r a l l o r some j ) i s 
added, an I n t e g e r problem a r i s e s . I f t h e problem i s f u r t h e r more 
c o n s t r a i n e d by imposing x^ £ 1 t h e n t h e I n t e g e r problem becomes a 
"zero-one" problem. The ma t h e m a t i c a l r e p r e s e n t a t i o n o f an I n t e g e r 
problem t a k e s t h e f o l l o w i n g f o r m : 
F i n d x, , ... x such as t o 1 n 

n 
Maximise/minimise z = E c.x. 

j = l J J 
n 

S u b j e c t t o E a..x. { > , = ,<[ b. i = 1 , ... m 
j = l 1 J 3 

and x. = 0, 1 , 2, ... f o r a l l o r some j = 1 , 
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In p r a c t i c e a common app roach f o r t h e s e cases i s t o i g n o r e t h e I n t e g e r 

r e s t r i c t i o n s and by e m p l o y i n g t h e S i m p l e x p r o c e d u r e t o g e n e r a t e o p t i m a l 

s o l u t i o n s ( i f t h e y e x i s t ) and t h e n t o r o u n d - o f f t h e n o n - i n t e g e r v a l u e s . 

However t h i s app roach does n o t a lways g i v e f e a s i b l e s o l u t i o n s o r when 

i t does t h e r o u n d e d - o f f v a l u e s m i g h t n o t be o p t i m a l . 

From a c o m p u t a t i o n a l p o i n t o f v i e w t h e r e a r e t h r e e app roaches 

i n s o l v i n g an I n t e g e r p rogramming p r o b l e m : t h e I m p l i c i t e n u m e r a t i o n 

p r o c e d u r e , t h e Branch and Bound p r o c e d u r e and Gomory 's C u t t i n g P lane 

m e t h o d . 

2 . 1 . 3 Goal p rogramming 

Goal p rogramming i s a s p e c i a l e x t e n s i o n o f L i n e a r p r o g r a m m i n g . 

I t i s a p p l i c a b l e when m u l t i p l e c o n f l i c t i n g g o a l s a r e i n v o l v e d i n a 

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

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

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

c o n s t r a i n t s . Most r e a l w o r l d d e c i s i o n p rob lems i n v o l v e m u l t i p l e o b j e c t 

i v e s . To dea l w i t h t h e s e u s i n g a s i m p l e o b j e c t i v e f u n c t i o n means 

c o m b i n i n g t h e m , w h i c h m i g h t i n v o l v e e s t i m a t i n g r e l a t i v e i m p o r t a n c e and 

may o f t e n mean d e a l i n g w i t h g o a l s w h i c h a r e n o t e a s i l y e x p r e s s i b l e even 

i n t h e same u n i t s . I n Goal p r o g r a m m i n g , i n s t e a d o f t r y i n g t o m a x i m i s e 

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

t h e d e v i a t i o n s between g o a l s and what can be a c h i e v e d under t h e g i v e n 

s e t o f c o n s t r a i n t s a r e t o be m i n i m i s e d . These d e v i a t i o n s , t h e s l a c k 

v a r i a b l e s i n L i n e a r p r o g r a m m i n g , t a k e on a new s i g n i f i c a n c e i n Goal 

p r o g r a m m i n g . They may be p o s i t i v e , i n d i c a t i n g t h e o v e r a c h i e v e m e n t o f 

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

g o a l . 
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One o f t h e c h a r a c t e r i s t i c s o f t h i s t e c h n i q u e i s t h a t t h e 

o b j e c t i v e f u n c t i o n i s no l o n g e r r e s t r i c t e d t o be a c a r d i n a l c r i t e r i o n 

f i . e . p r o f i t s , c o s t s , e t c . ) b u t i t r a t h e r p r o v i d e s an o r d i n a l o n e . To 

t h i s end n e g a t i v e a n d / o r p o s i t i v e d e v i a t i o n s a b o u t t h e goa l must be 

ranked a c c o r d i n g t o t h e " p r e e m p t i v e " p r i o r i t y f a c t o r s . I n t h i s way 

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

a c h i e v e d . 

I f t h e r e a r e g o a l s i n s e v e r a l r anks o f i m p o r t a n c e , t h e 

p r e e m p t i v e p r i o r i t y f a c t o r P. ( j = 1 , . . . k ) s h o u l d be a s s i g n e d t o 
3 

t h e n e g a t i v e a n d / o r p o s i t i v e d e v i a t i o n a l v a r i a b l e s . These f a c t o r s 

g e n e r a l l y have t h e r e l a t i o n s h i p P-j >> P^ >> . . . P- >> P. + - | where 

» means " v e r y much g r e a t e r t h a n " . 

The g e n e r a l Goal p rogramming p r o b l e m can be d e f i n e d a s : 
,+ 

M i n i m i s e P P 
m 

S u b j e c t t o 
'11 

'ml 

' I n 

mn 

1 

1 . 

m 

J l 

1 . . . 0 
" b l ~ 

+ = 

0 . . . i d " 
m 

b 
m 

and V d ! dT 
i 

>_ 0 1 , . . . n 

1 , . . . m 

where m = t h e number o f g o a l s 

n = t h e number o f d e c i s i o n v a r i a b l e s 

x , = a d e c i s i o n v a r i a b l e j = 1 , . . . n 
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ck = t h e d e v i a t i o n v a r i a b l e a s s o c i a t e d w i t h goa l i i n d i c a t i n g 
an o v e r a c h i e v e m e n t o f t h i s goa l 

dn = t h e d e v i a t i o n v a r i a b l e a s s o c i a t e d w i t h goa l i i n d i c a t i n g 
an u n d e r a c h i e v e m e n t o f t h i s goa l 

P-j = a p r e e m p t i v e p r i o r i t y f a c t o r a s s o c i a t e d w i t h goa l i 

b i - t h e i t h g o a l . 

For a f u l l t r e a t m e n t o f Goal Programming see (LEE, 1 9 7 2 ) . 

2 . 1 . 4 N o n l i n e a r p rogramming 

Any p rogramming p r o b l e m w h i c h does n o t f i t t h e s p e c i a l l i n e a r 

p rogramming s t r u c t u r e p r e s e n t e d i n s e c t i o n 2 . 1 . 1 , can be c l a s s i f i e d as a 

N o n l i n e a r p r o b l e m . I n t h i s sense t h e I n t e g e r p r o g r a m m i n g , t h e Z e r o - o n e 

p rogramming and t h e Goal p rogramming p r o b l e m s a r e N o n l i n e a r . 

A l s o by mak ing v a r i o u s a s s u m p t i o n s a b o u t t h e n a t u r e o f t h e 

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

s p e c i a l s u b c l a s s e s o f N o n l i n e a r p r o b l e m s , e . g . Q u a d r a t i c p r o g r a m m i n g . 

C e r t a i n t y p e s o f t h o s e p rob lems can be f o u n d i n HADLEY ( 1 9 6 4 ) . A 

number o f c o m p u t e r i s e d a l g o r i t h m s i s p r o v i d e d by HIMMELBLAU ( 1 9 7 2 ) . 

The s p e c i a l case o f Dynamic p rogramming w i l l be d i s c u s s e d i n 

d e t a i l i n c h a p t e r I I I . 

2 .2 M a t h e m a t i c a l p rogramming mode ls i n e d u c a t i o n a l p l a n n i n g 

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

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

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

a c c o r d i n g t o t h e m o d e l ' s c o v e r a g e , n a t i o n a l , r e g i o n a l o r i n s t i t u t i o n a l . 

2 . 2 . 1 Programming mode ls a t n a t i o n a l l e v e l 

Because o f t h e v e r y g e n e r a l n a t u r e o f t h e mode ls a t n a t i o n a l 

l e v e l i t has n o t been t h o u g h t p r o f i t a b l e t o l i s t a l l v a r i a b l e s and 

c o n s t r a i n t s . I n s t e a d an a c c o u n t o n l y o f t h e s t r u c t u r e w i l l be g i v e n . 
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The most a m b i t i o u s mode ls l i n k t h e e d u c a t i o n a l sys tem t o t h e 

manpower and economic s y s t e m s . Recent l i n e a r mode ls o f t h i s t y p e a r e 

by ADELMAN (1966 ) a p p l i e d t o A r g e n t i n a , GOLLADAY and ADELMAN (1972 ) 

a p p l i e d t o Morocco and BENARD (1967 ) a p p l i e d t o F r a n c e . The p a r t i c u l a r 

a p p l i c a t i o n s p roduce some m o d i f i c a t i o n s b u t t h e b road o u t l i n e s o f a l l o f 

t h e s e a r e s i m i l a r . A somewhat more l i m i t e d l i n e a r model w h i c h o p t i m i s e s 

t h e s t a t e o f t h e e d u c a t i o n a l sys tem when i t i s s u p p l i e d w i t h g i v e n 

r e s o u r c e s i s p r e s e n t e d by BOWLES (1969) and a p p l i e d t o N i g e r i a and 

Greece . 

I n a l l t h e s e cases t h e s t a t e o f t h e e d u c a t i o n a l sys tem i s 

d e s c r i b e d by a s e r i e s o f v e c t o r s one i n each t i m e p e r i o d , g i v i n g t h e new 

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

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

e n r o l m e n t s ^ a t l e v e l p i n p e r i o d ( t - 1 ) , l e s s a p r o p o r t i o n 

A who d r o p o u t d u r i n g t h e c o u r s e and a p r o p o r t i o n u who do n o t 
P P 

c o n t i n u e e i t h e r w i t h e d u c a t i o n o r i n employment p roduce a number o f 

q u a l i f i e d p e o p l e (1 - Ap) (1 - u ) N ^ - 1 ^ '> t h e s e may be c o n s i d e r e d 

as w h o l l y d i s t r i b u t e d i n known p r o p o r t i o n s as w o r k e r s , 

t e a c h e r s T ^ , and c o n t i n u i n g s t u d e n t s (as i n GOLLADAY and 

ADELMAN, 1 9 7 2 ) , o r as w h o l l y a s s i g n e d b u t i n unknown amounts t o p a r t i c u l a r 

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

e d u c a t i o n a t p a r t i c u l a r l e v e l s as i n ADELMAN ( 1 9 6 6 ) . BENARD (1967 ) 

s i m i l a r l y a l l o w s t h e p r o p o r t i o n s j o i n i n g t h e l a b o r f o r c e and c o n t i n u i n g 

i n e d u c a t i o n t o be v a r i a b l e . BOWLES (1969) s i m p l y r e q u i r e s t h e a d m i s s i o n s 

t o l e v e l p a t t i m e t t o be l e s s t h a n o r equa l t o t h e o u t p u t a t 

( t - 1 ) , o f a l l l e v e l s w h i c h q u a l i f y a s t u d e n t t o e n t e r l e v e l p . The re 

i s i n each case a r e s t r i c t i o n t h a t t h e e n t r a n t s t o t h e e d u c a t i o n a l sys tem 

c a n n o t exceed t h e number o f p o t e n t i a l s t u d e n t s i n t h e p o p u l a t i o n and 
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t h e r e may be r e q u i r e m e n t s f o r a minimum g r o w t h r a t e i n e d u c a t i o n 

r e q u i r i n g a t l e a s t a c e r t a i n nlTation o f ^ t o c o n t i n u e 

(BERNARD, 1967) o r > N ^ " 1 ) (ADELMAN, 1966) and a l s o some 

a s s i g n m e n t s o f t h e d r o p o u t s , ^ , t o some work l e v e l o r even t o 

low l e v e l t e a c h i n g (GOLLADAY and ADELMAN, 1 9 7 2 ) . 

The e d u c a t i o n a l sys tem r e q u i r e s t r a i n e d pe rsons as t e a c h e r s 

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

c o n s t r a i n t s c o n s E a » i n g , t h e e n r o l m e n t s a t t , w i t h T ^ t h e 

v e c t o r s o f new t e a c h e r s r e c r u i t e d a t t and B ^ t h e r e s o u r c e s 

d e v o t e d t o b u i l d i n g s a t t i m e t . The i n t a k e i s c o n v e r t e d by 

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

t e a c h e r s and t h i s must be l e s s t h a n o r equa l t o t h e e x i s t i n g t e a c h i n g 

f o r c e a l l o w i n g i n some cases (GOLLADAY and ADELMAN, 1 9 7 2 , BOWLES, 

1969) f o r r e c r u i t m e n t o f f o r e i g n t e a c h e r s ; s i m i l a r l y , d e p e n d i n g on 

N ^ , a r e q u i r e m e n t v e c t o r f o r s choo l b u i l d i n g s can be p r o d u c e d , 

w h i c h must be s a t i s f i e d by t h e o r i g i n a l s t o c k t o g e t h e r w i t h a d d i t i o n s 

a l l o w i n g f o r d e p r e c i a t i o n . The re may be l i m i t s on t h e maximum 

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

The BOWLES (1969) model i n c o r p o r a t e d t h e above c o n s t r a i n t s 

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

i . e . a l i m i t on t h e amount o f r e s o u r c e i i n p e r i o d t ; t h i s g i v e s 

an o v e r a l l i n e q u a l i t y g o v e r n i n g t h e e n r o l m e n t s i n p e r i o d t and i n 

p r e v i o u s p e r i o d s . I t was imp lemen ted w i t h a b o u t 200 a c t i v i t i e s and 

450 c o n s t r a i n t s . The o b j e c t i v e f u n c t i o n t o be max im i sed was t h e sum, 

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

o f t h e s t u d e n t s 1 ess t h e i r incomes had t h e y n o t r e c e i v e d 

e d u c a t i o n a t t h a t l e v e l , 1 ess t h e p r e s e n t v a l u e o f t h e r e c u r r e n t c o s t s 

by t h e e n r o l m e n t s 1 ess t h e c a p i t a l c o s t s o f p r o v i d i n g t h e s t u d e n t p l a c e s 

( t h i s i s an a g g r e g a t e C o s t - B e n e f i t o b j e c t i v e f u n c t i o n ) . 
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The o t h e r t h r e e mode ls a l l i n c o r p o r a t e d l i n k s w i t h t h e 

economic sys tem c o n n e c t i n g t h e s u p p l y o f w o r k e r s w i t h v e c t o r s 

o f p r o d u c t i o n . The GOLLADAY and ADELMAN (1972) scheme a l l o w e d 

f o r e d u c a t e d w o r k e r s t o c o u n t as e f f i c i e n c y u n i t s , whereas BENARD 

(1967) c o n ^ P t e d c e r t a i n work s k i l l s w i t h c e r t a i n e d u c a t i o n a l l e v e l s ; 

b o t h t h e n combined t h e work f o r c e w i t h r e s o u r c e s and i n v e s t m e n t s , 

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

t o be used f o r c o n s u m p t i o n ; e x p o r t s o r f u r t h e r i n v e s t m e n t , i n c l u d i n g 

i n v e s t m e n t i n e d u c a t i o n . The o b j e c t i v e f u n c t i o n s were however somewhat 

d i f f e r e n t . ADELMAN (1966) c o n s i d e r e d 

( 1 ) max im ise d i s c o u n t e d sum o f G .N .P . o v e r t h e p l a n n i n g p e r i o d 

( 2 ) max im ise t h e g r o w t h i n G . N . P . , i . e . ( G N P ) e n d - ( G N P ) - j n i t i a i 

( 3 ) m i n i m i s e t h e d i s c o u n t e d sum o f n e t f o r e i g n c a p i t a l i n f l o w . 

T h i s was an i m p l i c i t manpower r e q u i r e m e n t s m o d e l . 

GOLLADAY and ADELMAN (1972) c a r r i e d o u t e x t e n s i v e 

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

l i n e a r p rogramming a n a l y s i s . As w e l l as ( 1 ) and ( 2 ) above t h e y used 

( 1 ) max im ise a w e i g h t e d v e c t o r o f employment 

( 2 ) max im ise a w e i g h t e d v e c t o r o f e d u c a t i o n e n r o l m e n t s 

( 3 ) m i n i m i s e a w e i g h t e d v e c t o r o f unemployment 

( 4 ) m i n i m i s e w e i g h t e d v e c t o r s o f e x p a t r i a t e w o r k e r s o r t e a c h e r s 

( 5 ) max im ise c o n s u m p t i o n . 

( 1 ) - ( 4 ) a r e s o c i a l a ims o f t h e a b o v e . 

BENARD (1967 ) d e f i n e d a s i m p l e s o c i a l p r e f e r e n c e f u n c t i o n 

w h i c h he s t a t e d a s : max im ise t h e p r e s e n t d i s c o u n t e d v a l u e , o v e r t h e 

p l a n n i n g p e r i o d o f 

( 1 ) t h e sum o f s u c c e s s i v e i n c r e a s e s i n p e r s o n a l c o n s u m p t i o n 

( 2 ) t h e r e s i d u a l v a l u e o f t h e c a p i t a l equ ipmen t i n s t a l l e d i n t h e 
p r o d u c t i v e s e c t o r 
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( 3 ) t h e r e s i d u a l v a l u e o f c a p i t a l equ ipmen t i n s t a l l e d i n e d u c a t i o n 

( 4 ) t h e v a l u e o f e d u c a t e d i n d i v i d u a l s t o t h e l a b o r f o r c e beyond t h e 
p l a n n i n g h o r i z o n . 

I n w e i g h t i n g t h e s e components o f t h e o b j e c t i v e f u n c t i o n he 

made use o f t h e dua l v a r i a b l e s i n t h e model t o a s s i g n shadow p r i c e s t o 

r e s o u r c e s . H i s model i s a g a i n based on an a g g r e g a t e C o s t - B e n e f i t 

a p p r o a c h w i t h i m p l i c i t manpower r e q u i r e m e n t s . 

A g e n e r a l model o f t r a i n i n g a t one o r many l e v e l s was g i v e n by 

BALINSKI and REISMAN ( 1 9 7 2 ) , BALINSKI ( 1 9 7 4 ) . Here t h e a im i s v e r y 

much more m o d e s t : i t assumes l e v e l s o f e d u c a t i o n p and p e r i o d s t as 

b e f o r e b u t now adds known r e q u i r e m e n t s d^ , f o r a l l l e v e l s and p e r i o d s 

t , i . e . i t i s a s t r a i g h t manpower r e q u i r e m e n t s m o d e l . The o b j e c t i v e 

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

t h e d e f e c t o r excess o f t h e a c t u a l manpower w i t h t h e r e q u i r e d manpower 

o v e r each l e v e l and each p e r i o d , t o g e t h e r w i t h e d u c a t i o n a l c o s t s . T h e r e 

i s a l s o a f u n c t i o n a l r e l a t i o n s h i p , n o t n e c e s s a r i l y l i n e a r , be tween 

e n r o l m e n t s , d r o p o u t s , and t h o s e q u a l i f i e d who a c t u a l l y j o i n t h e l a b o r 

f o r c e . Thus t h e p r e v i o u s (1 - A ) (1 - u ) Np~ now becomes: 

L p \ N t - A ( N ^ ) l 
P P V P'j 

where ^ D ( n ) ^ s t n e number o f d r o p o u t s f r o m an e n r o l m e n t o f n 
P a t l e v e l p . 

and ^ - D ( m ) ^ s t n e n u m D e r j o i n i n g t h e l a b o r f o r c e f r o m a 
p number m o f q u a l i f i e d p e r s o n n e l . 

The s t u d e n t f l o w e q u a t i o n s now t a k e t h e f o r m 

w + i = v1 ) t

 + V i ^ + L

P K - X

P

 ( N P } } - dp+i 
i . e . t h e a v a i l a b l e poo l S -j o f manpower q u a l i f i e d a t l e v e l 

( p + 1 ) , i n p e r i o d ( t + 1 ) , i s t h a t p r e s e n t a t p e r i o d t y>p+] t | p l u s 

t h o s e o f t h e who d ropped o u t o f h i g h e r t r a i n i n g | ^ p + ] ( N p + - | ) | > 

p l u s t h o s e who q u a l i f i e d and e n t e r e d t h e l a b o r f o r c e l e s s d ^ r e q u i r e d 

i n p e r i o d t . A l s o 
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N t , = N t _ 1 - X ( N t _ 1 ) - L ( N t _ 1 - A ( N ^ _ 1 ) 
p+1 p P K P ' P I P P v P ; 

s i n c e t h e s t u d e n t s who e n r o l a t t i m e t , f o r l e v e l p+1 , a r e t h o s e 

who l e a v e q u a l i f i e d a t l e v e l p a n d ^ n o t d ropped o u t o r j o i n e d t h e 

l a b o r f o r c e . 

The o b j e c t i v e f u n c t i o n i s now t o m i n i m i s e 

y. 0 t _ 1 ll c 1 ( N t ) + I g 1 ( S t + 1 ) 
t l p P P p p P 

where (N) i s t h e c o s t o f e n r o l m e n t N , a t l e v e l p , i n 
P p e r i o d t 

and g^ (S) i s t h e p e n a l t y c o s t o f h a v i n g e i t h e r a s h o r t a g e 
P o r a s u r p l u s of manpower. 

COMAY et al. ( 1973 ) d e v e l o p e d a model w i t h i n t h e f r a m e w o r k 

o f C o s t - B e n e f i t a n a l y s i s c o n c e r n i n g t h e o p t i o n v a l u e o f e d u c a t i o n , i n 

w h i c h Dynamic p rogramming was u s e d . The b a s i c r e l a t i o n was g i v e n by 

V k e - V k o ^ 1
 " \ e ) V ( ~ T < V eo - 9 + 

+ ( 1 " %e^] ~ P k e > — ( V " C e ) 

k e K e ( l + r ) e e e 

where k ,e a r e e d u c a t i o n a l s t a g e s ; i s t h e n e t d i s c o u n t e d income 

f o l l o w i n g s t a g e k , assuming o p t i m a l d e c i s i o n s a f t e r e ; i s 

t h e n e t d i s c o u n t e d income (= n . d . i ) f o l l o w i n g s t a g e k and e n t r y 

i n t o t h e . l a b o r m a r k e t ; i s t h e n e t d i s c o u n t e d income assuming 

o p t i m a l d e c i s i o n s a t k and a f t e r i t ; i s t h e n . d . i . f o r a d r o p o u t 

a t s t a g e k , C g i s t h e d i s c o u n t e d c o s t s o f s t a g e e f o r a c o m p l e t e r ; 

C g i s t h e d i s c o u n t e d c o s t s f o r a d r o p o u t ; P^ e i s t h e p r o b a b i l i t y o f 

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

a c c e p t e d i n t o s t a g e e ; r i s t h e d i s c o u n t r a t e ; t ^ i s t h e 

l e n g t h o f s t a g e k i n y e a r s and i s t h e l e n g t h o f s t a g e k i n 

y e a r s f o r a d r o p o u t . 

A n u m e r i c a l example r e l a t i n g t o t h e U.S. e d u c a t i o n a l sys tem was a l s o 

p r e s e n t e d . 
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A s u r v e y o f m a t h e m a t i c a l models a t n a t i o n a l l e v e l , f r o m 

s e v e r a l c o u n t r i e s , a r e q u o t e d i n O . E . C . D . (1973) and t h e accompan ied 

volume O . E . C . D . ( 1 9 7 4 ) . DAVIS (1968 ) p r o v i d e s a l s o s e v e r a l models 

based on L i n e a r p rogramming w i t h i n t h e c o n t e x t o f p l a n n i n g human 

r e s o u r c e d e v e l o p m e n t . 

2 . 2 . 2 Programming models a t t h e r e g i o n a l l e v e l 

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

p l a n n i n g p rob lems a r i s i n g a t t h e l o c a l o r d i s t r i c t l e v e l . To 

f a c i l i t a t e t h e d i s c u s s i o n t h e v a r i o u s models a r e g rouped by t o p i c a r e a s : 

( a ) School d e s e g r e g a t i o n and b u s i n g 

A l t h o u g h o p e r a t i o n a l r e s e a r c h e r s have been s t u d y i n g t h e s e 

p rob lems f o r o n l y a few y e a r s d i v e r s e l i t e r a t u r e i s now a v a i l a b l e . 

Most o f them have a t t e m p t e d t o u t i l i s e L i n e a r p rogramming a l g o r i t h m s as 

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

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

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

r e q u i r e d i f t h e o b j e c t i s t o p roduce a s a t i s f a c t o r y m ixed a b i l i t y r a t h e r 

t h a n r a c e . ) 

The p r o b l e m can be s t a t e d as f o l l o w s : 

G i v e n : t h e d i s t r i b u t i o n by r a c e o f s t u d e n t s i n a c o m m u n i t y , t h e 

l o c a t i o n and c a p a c i t y o f each s c h o o l ; t h e e t h n i c c o m p o s i t i o n d e r i v e d 

a t each schoo l and t h e mass t r a n s p o r t a t i o n i n t h e c o m m u n i t y , F i n d : a 

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

e t h n i c c o m p o s i t i o n a t each s c h o o l ; and i t m i n i m i s e s some p e r f o r m a n c e 

c r i t e r i o n ( e . g . t h e s t u d e n t ' s d a i l y t r a v e l l i n g t i m e , o r t h e d i s t a n c e 

t r a v e l 1 e d , e t c . ) . 
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The above d e f i n e s , i n p r a c t i c a l t e r m s , a d i s t r i b u t i o n p r o b l e m 

where t h e a reas o f s t u d e n t r e s i d e n c e (= t r a c t s ) a r e s o u r c e s , t he s c h o o l s 

a r e d e s t i n a t i o n s and each e t h n i c g roup i s a commod i t y . The c o s t s a r e 

t h e d i s t a n c e t r a v e l l e d . 

M a t h e m a t i c a l l y t h e p r o b l e m can be f o r m u l a t e d as f o l l o w s : 

L e t i = a t r a c t i = 1 , . . . m 

j = a schoo l j = 1 , . . . n 

k = a r a c e k = 1 , . . . K 

x . . . = number o f s t u d e n t s o f r a c e k , i n t r a c t i , 
a s s i g n e d t o schoo l j 

d . . ^ = d i s t a n c e s t u d e n t s o f r a c e k , i n t r a c t i t r a v e l 
J t o schoo l j . 

a . j^ = p e r c e n t a g e o f s t u d e n t s o f r a c e k , i n t r a c t i 

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

S. = s c h o o l c a p a c i t y o f s c h o o l j 

e . , = upper bound on t h e p e r c e n t a g e o f s t u d e n t s o f r a c e k 
J a s s i g n e d t o schoo l j 

<S.. = l o w e r bound on t h e p e r c e n t a g e o f s t u d e n t s o f r a c e k 
J a s s i g n e d t o schoo l j 

m n K 
M i n i m i s e z = Z E E d . ., x . ., 

i = 1 j = i k= l l j k l j k 

A. A s s i g n i n g s t u d e n t s o f r a c e k = 1 , . . . K, f r o m a l l t r a c t s 

i = 1 , . . . m, t o s c h o o l s j = 1 , . . . n . 

n 
x i j l = a i l p i 1 = • • • m 

- l

= ]

 X i j K = a T K P i 1 = 1 . • • • 

L i m i t s on s c h o o l c a p a c i t y 

n K 
£ Z x . . . < S , j = 1 , . . . n 

i = l k= l 1 J K J 
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L i m i t s on t h e r a c i a l c o m p o s i t i o n o f t h e s c h o o l s 

m K m m K 
6 . , E E x . . . < E X . . , < e . , E E x . . . 

J 1

 i = i k= l l j k ~ i = l 1 j l " J l i = l k= l l j k 

m K m m K 
6 . , E E x . . . < E x , , < e , E E x . . . 

J k i = i k = i ^ k

 i = i ^ J K i = l k= l 1 j k 

j = 1 , . . . n 

x i j k > 0 a l l i , j , k 

CLARKE and SURKIS (1968) f o r m u l a t e d t h e same p r o b l e m w i t h a d d i t i o n a l 

c o n s t r a i n t s c o n c e r n i n g upper l i m i t s on t h e a l l o w a b l e d a i l y t r a n s p o r t 

a t i o n t i m e and w a l k i n g d i s t a n c e per s t u d e n t . The o b j e c t i v e was t o 

m i n i m i s e t h e t o t a l d a i l y one way t r a n s p o r t a t i o n t i m e , 
m n K 

i . e . M i n i m i s e z = E E E t . . x . ., 
i = l j = l k= l 1 J 1 j k 

where t . . = t h e d a i l y one way t r a n s p o r t a t i o n t i m e , i n m i n u t e s , 
o v e r a m i n i m a l r o u t e f r o m t h e i t h t r a c t t o t h e 

j t h s c h o o l . 

A g e n e r a l pu rpose compu te r s y s t e m , c a l l e d MINTRAN, was 

d e v e l o p e d t o s o l v e t h e s c h o o l d e s e g r e g a t i o n p r o b l e m . I t c o m p r i s e s -esf 

e i g h t compu te r programs c a l l e d J S 1 - J S 8 , t o g e t h e r w i t h t h e MPS/360, 

t h e g e n e r a l pu rpose M a t h e m a t i c a l Programming System o f I . B . M . 

The f i r s t s i x , J S 1 - J S 6 , compute t h e m i n i m a l t i m e r a t e s f r o m 

each t r a c t t o each s c h o o l w h i c h a r e c o m p a t i b l e w i t h t h e a l l o w a b l e 

t r a n s p o r t a t i o n t i m e . Program JS7 f o r m u l a t e s t h e p r o b l e m t o f i t 

MPS/360 f o r m a t . A s o l u t i o n ( i f any e x i s t ) i s t h e n r e a c h e d by t h e 

MPS/360. The l a s t p rogram JS8 p roduces t h e f i n a l o u t p u t . 

The MINTRAN sys tem was t e s t e d w i t h d a t a o f e l e m e n t a r y 

s c h o o l s i n B r o o k l y n , New Y o r k . 

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

used were 19.6% ( P u e r t o R i c a n s ) , 24.2% ( N e g r o e s ) , 62 .2% ( o t h e r s ) . 
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There were 201 e l e m e n t a r y s c h o o l s w i t h 214 ,793 t o t a l c a p a c i t y and 783 

t r a c t s . E t h n i c c o m p o s i t i o n f o r each o f t h e s c h o o l s were 7-35% f o r 

P u e r t o R i c a n s , 12-57% f o r Negroes and 25 -81% f o r t h e o t h e r s . The 

w a l k i n g d i s t a n c e l i m i t was 0 .227 m i l e s and t h e d a i l y one way 

t r a n s p o r t a t i o n t i m e l i m i t 20 m i n u t e s . 

The B r o o k l y n schoo l d e s e g r e g a t i o n p r o b l e m p r o v e d t o o d i f f i c u l t t o 

s o l v e because o f i t s s i z e . 

HECKMAN and TAYLOR (1969 ) f o c u s e d on t e c h n i c a l d e t a i l s 

o f t h e L . P . a p p r o a c h . Some a l t e r n a t i v e c o n s t r a i n t p o s s i b i l i t i e s were 

d i s c u s s e d t o g e t h e r w i t h c e r t a i n improvements c o n c e r n i n g c o m p u t e r ' s 

e x e c u t i o n t i m e . KOENINGSBERG (1968 ) p roceeded b a s i c a l l y on t h e same 

l i n e s as t h e o t h e r s d i d , w i t h two m o d i f i c a t i o n s . F i r s t he c a t e g o r i s e d 

t h e s t u d e n t s w i t h i n a t r a c t by H age g r o u p s and second t h e o b j e c t i v e 

f u n c t i o n was o f t h e t y p e 

m n K H _ 
z = Z Z Z Z x . . k h (d . ) 

i = l j = i k= l h= l 1 J K n 1 J 

where h = an age g r o u p h = 1 , . . . H 

x i i k h =
 n u m ' : ) e r °f s t u d e n t s i n t r a c t i , o f age h , 

r a c e k , a s s i g n e d t o schoo l j 

d . . = d i s t a n c e f r o m t r a c t i t o schoo l j . 

I n a r e c e n t paper STIMSON and THOMSON (1974) d e v e l o p e d s i x h y p o t h e t i c a l 

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

s t u d e n t s i n t h e t r a c t and t h e d e s i r e d upper and l o w e r l i m i t s o f each 

s c h o o l . They c o n s i d e r e d o n l y t h r e e s c h o o l s , two r a c e s and f o u r t r a c t s . 

The o b j e c t i v e f u n c t i o n s used were o f t h e t y p e 

4 3 2 
z = Z Z Z d . . . x . . , 

i = 1 j = l k= l l j k 1 j k 

4 3 2 ? 

and z = Z Z Z ( d . . , ) S c . . , 
i = l j = l k= l 1 J K 1 J K 
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A l l t h e examples were r u n on a compu te r u s i n g t h e r e v i s e d 

S imp lex a l g o r i t h m . The dua l p rob lems were s o l v e d t o o . S e v e r a l p o i n t s 

were made a b o u t t h e s e n s i t i v i t y o f t h e o p t i m a l s o l u t i o n by c h a n g i n g t h e 

p a r a m e t e r s o f t h e m o d e l . The a u t h o r s emphas ised t h e f a c t c o n c e r n i n g 

t h e i n f o r m a t i o n w h i c h can be e x t r a c t e d f r o m t h e dua l s o l u t i o n o f t h e 

p r o b l e m . For i n s t a n c e , c o n s i d e r t h e v a l u e s o f t h e dua l v a r i a b l e s a t 

o p t i m a l i t y , w h i c h c o r r e s p o n d t o t h e c o n s t r a i n t s (B) (= l i m i t s on 

schoo l c a p a c i t y ) . They r e p r e s e n t a measure o f t h e e f f e c t on t h e o b j e c t 

i v e f u n c t i o n (= t h e t o t a l d i s t a n c e t r a v e l l e d , say ) by a change o f one 

u n i t i n t h e s t u d e n t c a p a c i t y o f a s c h o o l . For t h o s e s c h o o l s , where t h e 

dua l v a l u e s a r e z e r o , t h e r e i s an excess o f c a p a c i t y and t h e r e f o r e t h e i r 

f a c i l i t i e s c o u l d be expanded . 

A n o t h e r a t t e m p t a t t he same p r o b l e m i s t h e p r o c e d u r e d e v e l o p e d 

by BELFORD and RATLIFF ( 1 9 7 2 ) . T h i s p r o b l e m was f o r m u l a t e d as a 

minimum c o s t f l o w p r o b l e m i n a s i n g l e commodi ty n e t w o r k . The a d v a n t a g e 

o f t h e i r model o v e r t h e L i n e a r p rogramming app roach i s t h a t i t p e r m i t s 

t h e use o f more e f f i c i e n t s o l u t i o n methods and a l s o p r o v i d e s i n t e g e r 

a n s w e r s . 

The m a t h e m a t i c a l f o r m u l a t i o n i s as f o l l o w s : 

L S r 
M i n i m i s e Z Z d . . \f{l.,s.) + f ( £ . , s . ) 

i = l i = l 1 J L 1 J 1 3 

S 
S u b j e c t t o Z f ( £ i , S j ) = b i i = "1 

Z f(l.,s.) - u . + v . = b . 

£ f ( £ . , s . ) = K. - b . 
j = l 1 J 1 1 

Z f ( £ . , s . ) - v . + u . = K - b j = 1 , 
- j - l ' J J J J J 
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0 < f ( £ i , s j ) 

0 < f(l-,s.) 

0 < u. < b . 
J 

i , . . . L ; j = l , 

1 , . . . L , - j = 1 , 

j = 1 , 

s 

s 

0 £ Vj < b. - <pK^> j = 1 , 

and a l l v a r i a b l e s a r e i n t e g e r 

w h e r e : S = number o f s c h o o l s ( j = 1 , 

number o f l o c a t i o n s i n a d i s t r i c t ( i = 1 , L 

P. P 

K. 

<pK.> 

£ i 

I . 

S) 

L ) 

t h e l o w e r and upper bound on t h e p e r c e n t a g e o f b l a c k s 
a s s i g n e d t o each schoo l r e s p e c t i v e l y 

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

= i s t h e l a r g e s t i n t e g e r l e s s t h a n o r equa l t o pK 
J 

i s t h e s m a l l e s t i n t e g e r g r e a t e r t h a n o r equa l t o pK^ 

t h e b l a c k p a r t o f a l o c a t i o n i 

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

t h e b l a c k p a r t o f a schoo l j 

S . 
J 

f(Vs.) 

f ( £ : , s : ) 

u . 
J 

V . 
J 

t h e w h i t e p a r t o f a s c h o o l j 

a d e c i s i o n v a r i a b l e i n d i c a t i n g t h e b l a c k s t u d e n t s 
a s s i g n e d t o schoo l j f r o m l o c a t i o n i 

a d e c i s i o n v a r i a b l e i n d i c a t i n g t h e number o f w h i t e 
s t u d e n t s a s s i g n e d f r o m l o c a t i o n i t o schoo l j 

t h e amount by w h i c h t h e number o_f b l a c k s t u d e n t s 
a s s i g n e d t o s c h o o l j exceeds b^ 

t h e amount by w h i c h t h e number o£ w h i t e s t u d e n t s 
a s s i g n e d t o schoo l j exceeds K. - b . 

3 3 
t h e d e s i r e d number o f b l a c k s a s s i g n e d t o s c h o o l j 

The above model was used t o g e n e r a t e a d e s e g r e g a t i o n p l a n f o r 

t h e schoo l sys tem o f G a i n s e s v i 11 e , F l o r i d a . 
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For t h e e l e m e n t a r y schoo l sys tem t h e r e were 6687 s t u d e n t s 

o f w h i c h a p p r o x i m a t e l y 30% were b l a c k . The t o t a l number o f t r a c t s 

was 248 and t h e r a c e d i s t r i b u t i o n o f each schoo l 25-35% b l a c k . No 

s t u d e n t s h o u l d be f o r c e d t o t r a v e l more t h a n 10 m i l e s . A s t u d e n t 

was c o n s i d e r e d as b e i n g bussed t o a schoo l o n l y i f he l i v e d f u r t h e r 

t h a n two m i l e s f r o m t h e schoo l t o w h i c h he was a s s i g n e d . 

A s i m i l a r a n a l y s i s was p e r f o r m e d f o r t h e m i d d l e and h i g h 

schoo l s y s t e m . 

LUTZ et al. ( 1972 ) app roached t h e schoo l d e s e g r e g a t i o n p r o b l e m 

d i f f e r e n t l y . The e s s e n t i a l e l e m e n t i n t h e i r model i s t h a t s t u d e n t s ' 

a t t e n d t h e i r home schoo l b u t each s c h o o l i s r e s p o n s i b l e f o r a c e r t a i n 

s p e c i a l t y a rea such as s c i e n c e , m a t h s , e t c . S t u d e n t s t a k i n g s p e c i a l t y 

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

t h e w e e k l y s t u d e n t t r a v e l l i n g t i m e . 

A l t h o u g h t h e model can be f o r m u l a t e d as a z e r o - o n e Q u a d r a t i c 

p rogramming p r o b l e m , because o f c o m p u t a t i o n a l d i f f i c u l t i e s a compu te r 

p rog ram was w r i t t e n t o p r o v i d e an e f f i c i e n t t h o u g h n o t n e c e s s a r i l y 

o p t i m a l s o l u t i o n . 

The f o r m u l a t i o n f o r s c h e d u l i n g one s e c t i o n c o u r s e i s g i v e n be low 

L e t N = be number o f one s e c t i o n c o u r s e s ( i = 1 , . . . N) 

c ^ = number o f s t u d e n t s r e q u e s t i n g b o t h c o u r s e s i and k 

T = number o f t i m e b l o c k s . ( t h e t e r m " t i m e b l o c k " 
was u t i l i s e d t o d i s t i n g u i s h among p e r i o d s o f 
d i f f e r e n t l e n g t h s , i n s t e a d o f t h e t r a d i t i o n a l 
d e f i n i t i o n o f p e r i o d s . The re were f i v e d i f f e r e n t 
t y p e s o f t i m e b l o c k s . For example a t i m e b l o c k 
m i g h t b e : 2 hou rs - f i v e days a week c o u r s e ) 

t p q ~ a n e ^ e m e n ' t ° f t h e " t i m e b l o c k " m a t r i x 

t 
pq 

1 i f t i m e b l o c k p , c o n f l i c t s w i t h t i m e b l o c k q 

0 o t h e r w i s e ( p , q = 1 , . . . T ) 

K. = a s e t o f t i m e b l o c k s a l l o w e d f o r c o u r s e i 
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(-1 i f c o u r s e i i s s c h e d u l e d i n t i m e b l o c k j 
x • • = \ 

1 J ^0 o t h e r w i s e i = 1 , . . . N, j e K. 

And t h e p r o b l e m can be w r i t t e n a s : 

N i - 1 f 
M i n i m i s e Z Z c . - f ^ ^ v t x . x . 

i = 2 j = 1 1 i j | p e K i qeK i pq l p j q 

S u b j e c t t o Z x . = 1 i = l , . . . N 
peK. 1 P 

and x . . = 0 , l i = 1 , . . . N, j e K. 

T h i s 0-1 q u a d r a t i c f o r m can be t r a n s f o r m e d i n t o a 0-1 l i n e a r 

f o r m . But i f we t r y t o do s o , f o r a p r o b l e m w i t h , s a y , IC = 5 and 

N = 10 we need t o add 123750 new v a r i a b l e s and c o n s t r a i n t s . 

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

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

r e l a t e d t o s c h e d u l i n g t h e bus r o u t e s . The s i t u a t i o n becomes even more 

complex i f we c o n s i d e r a r a c i a l b a l a n c e as w e l l . The p r o b l e m c o n s i s t s 

o f i s s u e s l i k e t h e d e t e r m i n a t i o n o f a r o u t e and a t i m e s c h e d u l e f o r each 

b u s , w i t h t h e o b j e c t i v e o f m i n i m i s i n g t h e number o f r o u t e s a n d / o r t h e 

m i n i m i s a t i o n o f m i l e a g e s , e t c . 

One a p p r o a c h t o t h i s p r o b l e m i s t h e one a t t e m p t e d by NEWTON and 

THOMAS ( 1 9 6 9 ) , who u t i l i s e d a m o d i f i e d a l g o r i t h m o f t h e " t r a v e l l i n g s a l e s 

man p r o b l e m " . They programmed a h e u r i s t i c p r o c e d u r e i n FORTRAN IV t o 

g e n e r a t e near o p t i m a l s o l u t i o n . The p r o c e d u r e c o n s i s t s o f two s t e p s . 

F i r s t t h e s h o r t e s t r o u t e , w h i c h s t a r t s a t t h e s c h o o l , v i s i t s e v e r y s t o p 

once and t e r m i n a t e s a t t h e s c h o o l , i s d e t e r m i n e d . Second t h i s s i n g l e 

nea r t o o p t i m a l r o u t e i s t h e n p a r t i t i o n e d i n t o i n d i v i d u a l bus r o u t e s 

w h i c h s a t i s f y t h e bus c a p a c i t y , bus l o a d i n g p o l i c y and t h e p a s s e n g e r ' s 

t i m e c o n s t r a i n t s . 
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Sever'al r e f e r e n c e s on t h e school b u s i n g problem can be found 
i n STIMSON and THOMSON (1 9 7 4 ) . 

(b) Optimal school l o c a t i o n 
O'BRIEN (1969) p r o v i d e d a model f o r p l a n n i n g t h e l o c a t i o n and 

s i z e o f urban s c h o o l s . He i n t r o d u c e d a methodology c o n c e r n i n g t h e 
f a c t o r s t h a t d e t e r m i n e t h e e f f e c t i v e n e s s o f d e c i s i o n s about school 
p l a n n i n g . Several submodels a r e p r e s e n t e d r e l a t e d w i t h t h e l o c a t i o n 
o f t h e s c h o o l , t h e c o s t s , t h e s o c i a l c o m p o s i t i o n o f t h e school a t t e n d a n c e 
a r e a , e t c . 

A l t h o u g h no a t t e m p t has been made t o o p t i m i s e an o v e r a l l 
o b j e c t i v e f u n c t i o n , t h e v a r i o u s submodels a l l o w a s y s t e m a t i c s t u d y o f 
the r e l a t i o n s h i p s between school l o c a t i o n d e c i s i o n s and o t h e r o b j e c t i v e s 
such as t h e m i n i m i s a t i o n o f t o t a l s t u d e n t s ' t r a v e l l i n g t i m e . 

( c ) F i n a n c i n g l o c a l s c h o o l s and s a l a r y s c h e d u l i n g 
T h i s i s a n o t h e r area o f a p p l i c a t i o n s o f Mat h e m a t i c a l programming 

t e c h n i q u e s and i t concerns t h e a l l o c a t i o n o f funds among d i s t r i c t s c h o o l s . 
The purpose o f t h e model i s t o m i n i m i s e t h e s t a t e ' s f i n a n c i a l 

commitments w i t h o u t s e r i o u s l y a f f e c t i n g t h e f i n a n c i a l s u p p o r t f o r 
e d u c a t i o n a l e x p e n d i t u r e s a t t h e school d i s t r i c t l e v e l . 

BRUNO (1971) developed a model a p p l i e d t o t h e C a l i f o r n i a j u n i o r 
c o l l e g e f o u n d a t i o n program. The b a s i c r e l a t i o n s a r e as f o l l o w s : 

n 
M i n i m i s e S - Z ADA. Y. 

i = l 1 1 

S u b j e c t t o l\.X + Y. - 600 - E i = 0 i = 1, ... n ( 2 ) 

E. - 600 < 0 (3) 

n n Z ADA. Y. + ADA T 
= i = 

0 (4) 
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n 
E 

i = l 
n 
E 

i = l 
n 
E 

i = l 

E ADAi Yi - .50T < 0 (5) 

E ADA.Y.j - .37T > 0 ( 6 ) 

E A^DA^X - .629T < 0 ( 7 ) 

n 
E A ADA [X - .500T > 0 ( 8 ) 

i = l 
X >: 5 ( 9 ) 
X < 50 (10) 

where: i = a d i s t r i c t 
n = number o f d i s t r i c t s ( i = 1 , ... n) 

ADA. = Average D a i l y Attendance i n d i s t r i c t i 
A. = t h e assessed s i t u a t i o n / A D A . i n d i s t r i c t i , 

m o d i f i e d and a d j u s t e d as necessary by t h e s t a t e . 
T h i s v a l u e i s used t o measure l o c a l a b i l i t y a t 
th e school d i s t r i c t . 

X = t h e u n i f o r m state-mandated c o m p u t a t i o n a l t a x r a t e 
r e q u i r e d t o q u a l i f y f o r t h e s t a t e s u p p o r t program. 

Y.j = t h e t o t a l s t a t e a i d t o d i s t r i c t i 
F •= t h e f o u n d a t i o n l e v e l f o r t h e s t a t e s u p p o r t program 
T = t o t a l l o c a l funds used by t h e program 

E.j = t h e amount o f funds per ADA , i n a d d i t i o n t o t h e 
f o u n d a t i o n l e v e l F 

= t h e o p t i m a l percentage spread ( t h a t i s t h e % spread 
r e q u i r e d t o e i t h e r maximise o r m i n i m i s e t h e 
p a r t i c u l a r o b j e c t i v e f u n c t i o n ) . 

I n o t h e r papers t h e same a u t h o r BRUNO (1969 , 1969a, 1970) 
u t i l i s e d a L.P. model f o r s e l e c t i v e s a l a r y e v a l u a t i o n schemes f o r d i s t r i c t 
school p e r s o n n e l . The model i s capable o f i n c o r p o r a t i n g f a c t o r s which 
are considered i m p o r t a n t by t h e t e a c h e r u n i o n s , school b o a r d , e t c . such as 
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t h e t y p e o f area i n which t h e school i s l o c a t e d (= X-j) , t h e s u b j e c t 
m a t t e r area b e i n g t a u g h t (= f a c t o r X^) , t h e s u p e r v i s o r y r e s p o n s i b i l i t i e s 
o f t h e personnel (= f a c t o r X^) , and so on. 

Once t h e f a c t o r s X^, X^, • • • X I Q have been d e f i n e d i t i s 
p o s s i b l e t o d e s c r i b e each f u n c t i o n i n t h e o r g a n i s a t i o n a l h i e r a r c h y by 
means o f two e q u a t i o n s : one r e p r e s e n t i n g t h e h i g h e s t s a l a r y and t h e 
o t h e r t h e l o w e s t s a l a r y , i . e . : 

10 
E a.X. = A • j = 1 , ... n 

i = l 1 1 J 

9 
E &.X. = a- j - 1 , ... n 

i = l 1 1 J 

where: a j = t h e h i g h e s t r a t e d c h a r a c t e r i s t i c s a s s o c i a t e d w i t h 
t h o s e f a c t o r s a p p r o p r i a t e t o f u n c t i o n j 

0. = l o w e s t r a t e d c h a r a c t e r i s t i c s a s s o c i a t e d w i t h 
f a c t o r s a p p r o p r i a t e t o f u n c t i o n j 

X. = . f a c t o r s a s s o c i a t e d w i t h f u n c t i o n j 3 
X. = t h e o r e t i c a l l y h i g h e s t s a l a r y t o be p a i d w i t h i n 

J f u n c t i o n j 
a- = t h e o r e t i c a l l y l o w e s t s a l a r y t o be p a i d w i t h i n 

J f u n c t i o n j 
The v a r i o u s c o n s t r a i n t s concern t h e t o t a l budget a v a i l a b l e 

as w e l l as t h e per c e n t a g e o f t h e t o t a l budget spread f o r each f u n c t i o n j . 
The o b j e c t i v e f u n c t i o n can t a k e many f o r m s , depending upon t h e 

c r i t e r i a used by t h e school d i s t r i c t . For example i f t h e school d i s t r i c t 
d e s i r e s t o a t t r a c t young i n e x p e r i e n c e d t e a c h i n g personnel then t h e 
c o r r e s p o n d i n g ^ c o u l d be maximised. 

(d) V o c a t i o n a l t r a i n i n g and e s t a b l i s h i n g p o s t s i n sc h o o l s 
McNAMARA (1971) i l l u s t r a t e d how L i n e a r programming m i g h t be 

used as an a i d t o e v a l u a t e a l t e r n a t i v e d e c i s i o n s about t h e e f f i c i e n t 
a l l o c a t i o n o f v o c a t i o n a l funds t o d i s t r i c t s c h o o l s . The s t a t e 
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e d u c a t i o n a l system i s viewed as a s e t o f i n p u t - o u t p u t r e l a t i o n s h i p s , 
which can be designed so t h a t t h e use o f v o c a t i o n a l funds w i l l be 
o p t i m i s e d . 

The model p r o v i d e s t h e d e c i s i o n maker w i t h some e s t i m a t e d 
numbers o f f u t u r e graduates who c o u l d be produced t o f i l l c r i t i c a l 
o c c u p a t i o n a l s h o r t a g e s e x i s t i n g i n t h e l a b o r f o r c e . C l e a r l y t h e model 
l i e s w i t h i n t h e c o n c e p t i A a l framework o f t h e manpower r e q u i r e m e n t s 
approach o f p l a n n i n g . 

The u t i l i s e d p r ocedure r e q u i r e s t h e c o m p l e t i o n o f t w o phases. 
Phase one p r o v i d e s t h e i n f o r m a t i o n necessary t o c a l c u l a t e t h e parameters 
o f t h e L i n e a r program. Phase two i n v o l v e s t h e a c t u a l o p e r a t i o n o f t h e 
L i n e a r programming scheme, which g e n e r a t e s t h e o p t i m a l s o l u t i o n s . We 
g i v e below a broad d e s c r i p t i o n o f phase two, assuming t h a t t h e parameters 
used have a l r e a d y been c a l c u l a t e d i n phase one. The L i n e a r program i s : 

Maximi se 

S u b j e c t t o I x. . 

t . . < 

t . . 

t . . 

and 

m 
I x. . 

i = l 1 J 

I h . r . 
j = l 1 1 J lJ" 

1 J 

m n 
Z T. x 

i = l j = l 
d. l i 1 , ... m 

x. . < t . . 
"U - U 

i 
J = 

1, 
1, 

... m 

... n 
m. . y. .0 

i 
J = 

1, 
1, 

... m 

... n 
n. . y..0 

i 
j = 

1 , 
1, 

... m 

... n 
m 

g. I y• -o J i = 1 "1J2 J = 1, ... n 

T. 
3 

J = 1, ... n 

H i i 1 , ... m 

0 a l l i , J 

( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

( 5 ) 

(6) 

( 7 ) 
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where: n = t h e number o f c o u n t i e s j = 1 , ... n 
m = t h e number o f n a t i o n a l programs i = 1, ... m 

x.. = t h e o u t p u t o f a d d i t i o n a l s t u d e n t s r e q u i r e d i n U o c c u p a t i o n a l program i , county j 
d. = t h e u n s a t i s f i e d demand f o r o c c u p a t i o n a l program i 

1 ( d. have been found from phase one) 
t - • = t h e minimum i n c r e a s e which i s d e s i r e d i n t h e 

o u t p u t o f program i , i n c o u n t y j 

t". • = t h e maximum i n c r e a s e i n x.. 

m.. = t h e minimum percentage o f i n c r e a s e i n program i , 
1 J c o u n t y j 

n.. = t h e maximum per c e n t a g e o f i n c r e a s e i n program i , 
1 J c o u n t y j 

y n - j 2 = t h e o u t p u t o f program i , i n school j d u r i n g t h e 
second y e a r o f t h e p l a n n i n g p e r i o d 

T. = t h e maximum i n c r e a s e which i s d e s i r e d i n t h e t o t a l 
J o u t p u t o f a l l m programs i n c o u n t y j 

g. = t h e maximum per c e n t a g e o f i n c r e a s e f o r a l l m programs 
J i n c o u n t y j 

h. = t h e f i x e d amount o f e d u c a t i o n a l funds a l l o c a t e d t o t h e 
p u b l i c s c h o o l s i n t h e n c o u n t i e s f o r each a d d i t i o n a l 
s t u d e n t e n r o l l e d i n program i 

r . . = t h e percentage o f s t u d e n t s i n program i , c o u n t y j 
J necessary t o produce t h e d e s i r e d number o f g r a d u a t e s 

a t t h e c o m p l e t i o n o f t h e two y e a r program 
( r . . >̂  1.0 f o r a l l i , j ) 

H.j = t h e t o t a l amount o f v o c a t i o n a l e d u c a t i o n funds a v a i l a b l e 
f o r r e a l l o c a t i o n t o t h e p u b l i c s c h o o l s t o s u p p o r t 
a d d i t i o n a l s t u d e n t s i n program i . 

C o n s t r a i n t s e t ( 2 ) r e p r e s e n t s t h e market c o n s t r a i n t s based on t h e r e s u l t s 
o f phase one. 
C o n s t r a i n t sets' ( 3 ) , ( 4 ) , ( 5 ) , ( 6 ) , ( 7 ) r e p r e s e n t t h e school c a p a c i t y 
c o n s t r a i n t s i n terms o f i n c r e a s e d number o f g r a d u a t e s . 
C o n s t r a i n t s e t (8) are b u d g e t i n g c o n s t r a i n t s . 

PSOINOS and XIR0C0STAS (1973) d i s c u s s e d : s e v e r a l a s p e c t s o f a 
C e n t r a l i s e d e d u c a t i o n a l system s u s c e p t i b l e t o o p t i m i s a t i o n t e c h n i q u e s and 
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developed a model which d e a l s w i t h t h e problem o f e s t a b l i s h i n g t e a c h i n g 
posts i n schools a c c o r d i n g t o c e r t a i n c r i t e r i a o f t h e system's e f f e c t i v e n e s s 
( e . g . m i n i m i s i n g t e a c h e r ' s o v e r t i m e , e t c . ) . 

One o f t h e problems s t u d i e d , uses as e f f e c t i v e n e s s c r i t e r i o n 
t h e m i n i m i s a t i o n o f t h e t o t a l o v e r t i m e and i d l e t i m e per t e a c h e r . The 
problem was f o r m u l a t e d as a Dynamic programming one and a m a t h e m a t i c a l 
d e s c r i p t i o n o f i t i s g i v e n below: 
L e t n = t h e number o f s c h o o l s i = 1 , ... n 

N = the number o f t e a c h e r s 
x. = t h e number o f e s t a b l i s h e d t e a c h i n g p o s t s 

a t school i 
= t h e number o f t e a c h i n g hours per t e a c h e r 

A. - hx. 
V. ( x . ) = —1 (= o v e r t i m e per t e a c h e r ) i = 1 , . 

i 

h = t h e s t a n d a r d weekly t e a c h i n g hours per t e a c h e r 

t h e t o t a l o v e r t i m e A. - hx. n V = E 
• N X -1 =1 1 

f n ( N ) = minimum t o t a l sum o f o v e r t i m e and i d l e t i m e per t e a c h e r , 
and t h e r e c u r r e n c e r e l a t i o n t a k e s t h e f o r m : 

f (N) = T T 1 " (|V (X ) | + f ,(N - x ' n v ' a l x n' n - 1 v n' 
n u 

2.2.3 M a t h e m a t i c a l programming models a t t h e i n s t i t u t i o n a l l e v e l 
The e d u c a t i o n a l expansion i n s i z e , c o m p l e x i t y and c o s t s has 

made t h e need f o r more s y s t e m a t i c p l a n n i n g and management i n e v i t a b l e . 
SCHROEDER (1973) suggested t h a t one way o f c l a s s i f y i n g t h e 

v a r i o u s models i s t o group them i n f o u r c a t e g o r i e s : 
( a ) Planning-Programming-Budgeting Systems 
(b) Management I n f o r m a t i o n Systems 
( c ) S i m u l a t i o n models 
(d) M a t h e m a t i c a l models. 
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For t h e purposes o f t h i s s t u d y o n l y one s u b c l a s s o f t h e 
f o u r t h c a t e g o r y w i l l be d e a l t w i t h , namely, t h e O p t i m i s a t i o n models. 
The c e n t r a l theme o f these i s t h a t t h e y cover a wide range o f a c t i v i t i e s 
which t a k e p l a c e w i t h i n an academic i n s t i t u t i o n , ( e . g . a d m i n i s t r a t i o n , 
t e a c h i n g , r e s e a r c h , e t c . ) . 

( a ) A l l o c a t i n g a v a i l a b l e r e s o u r c e s i n a U n i v e r s i t y 
A common problem t o a l l U n i v e r s i t i e s i s t h a t o f a l l o c a t i n g 

f a c u l t y s t a f f among a l t e r n a t i v e t e a c h i n g t a s k s and r e s e a r c h o f d i f f e r e n t 
t y p e s under a r e a s o n a b l e s e t o f r e s t r i c t i o n s c o n c e r n i n g a v a i l a b l e t e a c h i n g 
and/or r e s e a r c h manhours, f a c i l i t i e s , e t c . 

Winkelrnann, as i t i s quoted i n FOX and SENGUPTA ( 1 9 6 8 ) , c o n s i d e r e d 
t h e f o l l o w i n g L i n e a r programming f o r m u l a t i o n o f t h e problem o f a l l o c a t i n g 
f a c u l t y t i m e between t e a c h i n g and r e s e a r c h . 

Let p i . = t h e p r i c e o f t h e i t h s t a f f member i n t h e k t h s e c t i o n 

i c., Jk 

o f t h e course 
1 i f t h e i t h i n d i v i d u a l teaches t h e k ^ s e c t i o n o f 

t h e course 
0 o t h e r w i s e 

p ^ = t h e p r i c e o f t h e k ^ u n i t o f r e s e a r c h by t h e i ^ member 

cRk 
r ] i f t h e i * ' ' 1 i n d i v i d u a l produces t h e k t l n u n i t o f r e s e a r c h 
0̂ o t h e r w i s e 
t h e number o f u n i t s o f t e a c h i n g and r e s e a r c h t h a t can be 
a l l o c a t e d t o t h e i t h s t a f f member. 

Then t h e problem i s : 

Maximise E E E 
i = l j = l k= 
m n K . m K . . 

1 P J k C j k + ^ kl} PRk CRk 
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n K K 
S u b j e c t t o E E c l . + E c D. = B. (= f a c u l t y a v a i l a b i l i t y ) 

j = l k=l J k k=l K 

K m . 
E E c.. = B. (= course a v a i l a b i l i t y ) 

k=l i = l J 3 

m K 
E E c D I = B D (= r e s e a r c h t i m e a v a i l a b l 

T i i KK K 1=1 k=l 
The assumption o f l i n e a r i t y i s p r o b a b l y n o t v e r y r e a l i s t i c and 

v a r i o u s r e f i n e m e n t s a r e p o s s i b l e t o remove t h i s a s sumption. For i n s t a n c e , 
we can p o s t u l a t e a q u a d r a t i c o b j e c t i v e f u n c t i o n . The o v e r a l l parameter i s 
t h e c a l c u l a t i o n o f p r i c e s p o f r e s e a r c h and t e a c h i n g which i s done v e r y 
b r o a d l y on t h e b a s i s o f n e t r e t u r n v a l u e t o an average s t u d e n t b e n e f i t i n g 
f r o m t e a c h i n g and an a p p r o x i m a t e e s t i m a t e o f r e s e a r c h c o s t s . 

A more g e n e r a l i s e d v e r s i o n o f t h e above scheme has been 
c o n s i d e r e d by PLESSNER et at. (1968) a t Iowa S t a t e U n i v e r s i t y . The 
Department has been i n v o l v e d i n both u n d e r g r a d u a t e and p o s t - g r a d u a t e 
t e a c h i n g , awarding B.Sc, M.Sc, Ph.D. degrees as w e l l i n r e s e a r c h 
a c t i v i t i e s . F i v e c a t e g o r i e s o f s t u d e n t s are r e c o g n i s e d : s t u d e n t s 
r e c e i v i n g a B.Sc. degree, those r e c e i v i n g M.Sc. and t h r e e t y p e s o f Ph.D. 
The t e c h n i q u e used i s P a r a m e t r i c l i n e a r programming. 

The o b j e c t i v e f u n c t i o n i s assumed t o be t h e a d d i t i o n a l d i s c o u n t e d 
l i f e t i m e income o f g r a d u a t i n g s t u d e n t s over t h e f o u r y e a r p e r i o d . There 
are n i n e a c t i v i t i e s i n t o t a l . A p a r t from t h e f i r s t f i v e which are 
concerned w i t h t h e above s t u d e n t c a t e g o r y , t h e model a l s o c o n s i d e r s new 
f a c u l t y h i r e d , r e s e a r c h by e x i s t i n g f a c u l t y members, r e s e a r c h by new 
f a c u l t y and o f f i c e space a d d i t i o n . ( j = 1 , ... 9 ) . 

The f i r s t f i v e o b j e c t i v e f u n c t i o n c o e f f i c i e n t s c. ( j = 1, ••• 5) 
3 

were computed as f o l l o w s : 
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c . 
J 

= R • J 
(1 + r ) J 

r ( l + r ) 

n . -
n. - 1 

- 1 - F. 
J 

(1 + r ) J 

r ( l + r ) 

m • J 
m 

( j = 1 , ... 5) 
where: R. = s t a r t i n g annual s a l a r y 

F. = annual income f o r e g o n e 
r = i n t e r e s t r a t e (= 4.3%) 

k. = y e a r s e l a p s e d f r o m t h e s t a r t o f t h e program t o t h e 
J y e a r o f ad m i s s i o n 

n. = expected w o r k l i f e + k. 
m. = n. + y e a r s o f s t u d y 

For t h e r e m a i n i n g c o e f f i c i e n t s c^ was computed by assuming t h e s t a r t i n g 
s a l a r y o f a new f a c u l t y member and c a l c u l a t i n g t h e t o t a l d i s c o u n t e d s a l a r y 
f r o m t h e e n t e r i n g t i m e t o t h e system u n t i l t h e end o f t h e program. c-j 

and Cg are d e f i n e d as " t h e t o t a l r e s e a r c h e x p e n d i t u r e s , o t h e r t h a n 
f a c u l t y and s t u d e n t s a l a r i e s , per hour o f f a c u l t y r e s e a r c h " , and Cg 
i s t h e c o s t per u n i t o f such f a c i l i t i e s . 
C o n s t r a i n t s . There a r e s i x t e e n c o n s t r a i n t s . C o n s t r a i n t s ( 1 ) , ( 2 ) 
concern manpower f o r u n d e r g r a d u a t e and p o s t g r a d u a t e t e a c h i n g . (3) and 
(4) posts o f e x i s t i n g and new manpower. (5) and (6) manpower f o r 
un d e r g r a d u a t e and p o s t g r a d u a t e a d m i n i s t r a t i o n . (7) o f f i c e space. 
(8) and (9) a d m i s s i o n o f u n d e r g r a d u a t e s and g r a d u a t e s . (10) and (11) 
r a t i o s o f Ph.D ( s t u d e n t ) i n s t r u c t o r s and o f M.Sc. t o t o t a l g r a d u a t e s . 
(12) manpower o f r e s e a r c h a s s i s t a n t s . (13) d i s s e r t a t i o n s u p e r v i s i o n 
r e q u i r e m e n t s . (14) e x i s t i n g manpower t r a n s f e r a b l e t o u n d e r g r a d u a t e s 
t e a c h i n g . (15) new manpower t r a n s f e r a b l e t o a d m i n i s t r a t i o n , and 
(16) manpower f o r a v a i l a b l e r e s e a r c h a c t i v i t i e s . 

J J 
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Technology c o e f f i c i e n t s ( i = 1 , ... 16, j = 1 , ... 9) 

The a.j . c o e f f i c i e n t s were e s t i m a t e d f r o m e x i s t i n g d e p a r t m e n t a l 
d a t a , f r o m a survey conducted among f a c u l t y memj^bjrs and from some common 
p r a c t i c e r e g a r d i n g t h e c u r r i c u l a . 

A few a., c o e f f i c i e n t s , h a v e been c a l c u l a t e d i n the way shown 
below: 

h l h 2 
a l l = 17 h ' a 2 j = T2

 lj f0r j = ]' ••• 5 

where: = t h e number o f hours an e x p e r i e n c e d t e a c h e r devotes 
t o a c l a s s which meets t h r e e t i m e s a week f o r 
45 m i n u t e s . ( i = 1 , 2 ) 

s. = average c l a s s s i z e i = 1 , ... 2 
t . = number o f c l a s s e s a s t u d e n t a t t e n d s i n t h e course 

J ' o f t h r e e q u a r t e r s ( j = 1, ... 5 ) . 
The i n f o r m a t i o n about h^ was s u p p l i e d by t h e f a c u l t y members, s. f r o m 
d e p a r t m e n t a l d a t a , t . f r o m f r e q u e n t p r a c t i c e . 

3 

The novel a s p e c t o f t h e model i s t h a t i t suggests n o t m e r e l y 
t h e optimum number o f t h e s t u d e n t s b u t a l s o t h e a l l o c a t i o n o f e x i s t i n g 
t e a c h i n g s t a f f between t e a c h i n g , r e s e a r c h , t h e a l l o c a t i o n between 
u n d e r g r a d u a t e , p o s t g r a d u a t e e t c . 

By changing t h e v a r i o u s parameters o f t h e model t h e s e n s i t i v i t y 
o f t h e o p t i m a l s o l u t i o n was t e s t e d . I t was a l s o shown t h a t c e r t a i n a., 
had more e f f e c t on t h e o b j e c t i v e f u n c t i o n t h a n o t h e r s . 

More g e n e r a l models o f t h i s k i n d , as w e l l as a comprehensive 
systems approach t o r e s o u r c e a l l o c a t i o n i n e d u c a t i o n a l p l a n n i n g can be 
found i n FOX (1972) and OECD ( 1 0 7 2 ) . 

A c r u c i a l and r e a l i s t i c element i n t h e a d m i n i s t r a t i o n o f h i g h e r 
e d u c a t i o n i s t h e one o f s e t t i n g p r i o r i t i e s among c o n f l i c t i n g m u l t i p l e 
o b j e c t i v e s . A model which t a k e s account o f t h a t i s s u e i s developed by 
LEE and' CLAYTON (19i72) u s i n g Goal programming. The scope Of t h e . model i s 
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l i m i t e d t o p l a n n i n g i n one C o l l e g e w i t h i n t h e U n i v e r s i t y and t h e 
p l a n n i n g h o r i z o n i s o f one y e a r . The main o b j e c t i v e i s t o a l l o c a t e 
o p t i m a l l y human and p h y s i c a l r e s o u r c e s and t o s a t i s f y t h e imposed 
c o n s t r a i n t s and d e s i r e d p r i o r i t i e s . A b r i e f d e s c r i p t i o n i s g i v e n below 
P r i o r i t y s t r u c t u r e : NL = m a i n t a i n t h e necessary r e q u i r e m e n t s o f 

a c c r e d i t a t i o n (= t o p p r i o r i t y ) 
Mg = assume adequate s a l a r y i n c r e a s e s f o r t h e 

academic s t a f f 

M-j = m i n i m i s e c o s t s (= l o w e r p r i o r i t y ) 

C o n s t r a i n t s : There a r e seven groups o f c o n s t r a i n t s but here o n l y a few 
o f them w i l l be i l l u s t r a t e d . 
C o n s t r a i n t s o f a c c r e d i t a t i o n 

e.g. ^ y. - 0.75 j X g + ^ y . J + d" - d j = 0 
C o n s t r a i n t s f o r t h e number o f academic s t a f f 

7 8 - + e.g. ^ x. + ^ y. + d 6 - d g = 91 

C o n s t r a i n t s f o r t h e d i s t r i b u t i o n o f academic s t a f f 
3 5 1 - + e.g. 0.07 \ x. + yA - x 2 + dQ - dg = 0 

O b j e c t i v e f u n c t i o n : 
3 _ _ M i n i m i s e z = M 7 I, d^ + M g d 2 3 + M g d ^ + 2M 4d g + 2M^dy + M^d^ + M^dg 

1 1 - - - +
 1 7 + + + M Q E d- + M 0 d 1 0 + M 0 d 1 0 + M 0 d 1 0 + M 0 E d. M 0d, n + 3 . Q i 3 13 3 18 3 12 3 . , - i 3 19 

1=o 1 = 1 4 

+ M 2 d 2 0 + M l d 2 1 
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where: x.. ( i = 1, ... 9) , ( i = 1 , ... 9) a r e v a r i a b l e s 
i n d i c a t i n g t h e number o f v a r i o u s groups o f t e a c h i n g 
s t a f f w i t h d i f f e r e n t accademic q u a l i f i c a t i o n s , e.g. 
r e p r e s e n t s t h e number o f g r a d u a t e t e a c h i n g a s s i s t a n t s , 

y-| r e p r e s e n t s t h e number o f a s s i s t a n t p r o f e s s o r s w i t h Ph.D. e t c . 
d + , d. a re d e v i a t i o n a l v a r i a b l e s i n d i c a t i n g t h e overachievement 

1 1 o r underachievement o f t h e v a r i o u s g o a l s , r e p r e s e n t e d by 
th e c o n s t r a i n t s . 

The model p r o v i d e s t h r e e t y p e s o f s o l u t i o n s : 
— i d e n t i f i c a t i o n o f t h e i n p u t s {- r e s o u r c e s ) r e q u i r e m e n t s 

t o a t t a i n t h e d e s i r e d g o a l s . 
— t h e degree o f goal a t t a i n m e n t s w i t h t h e g i v e n i n p u t s 
— t h e degree o f goal a t t a i n m e n t s under v a r i o u s c o m b i n a t i o n s 

o f i n p u t s and goal s t r u c t u r e . 
SCHROEDER (1974) u t i l i s e s Goal programming t o o i n a model f o r r e s o u r c e 
p l a n n i n g f o r a U n i v e r s i t y . A l t h o u g h t h i s model has some o f t h e goal 
s t r u c t u r e s o f t h e p r e v i o u s one o f LEE and CLAYTON (1972) i t concerns s e v e r a l 
academic u n i t s (departments o r s c h o o l s ) on a m u l t i y e a r p l a n n i n g h o r i z o n . 
The goal programming f o r m u l a t i o n i s as f o l l o w s : 
L e t 

f ^ . = f a c u l t y l e v e l i n academic u n i t j , rank i , a t t h e 
J b e g i n n i n g o f p e r i o d t 

x^. = number o f new f a c u l t y h i r e d a t t h e b e g i n n i n g o f 
J p e r i o d t , u n i t j , rank i 

w^ = number o f t e a c h i n g a s s i s t a n t s i n u n i t j , a t t h e 
J b e g i n n i n g o f p e r i o d t 

= number o f s t a f f i n u n i t j , a t t h e b e g i n n i n g o f 
J p e r i o d t . 

Unless o t h e r w i s e s p e c i f i e d i = 1, ... m, j '= 1 , ... n, 
t = 1, ... T. 

Constants 

c^. = s a l a r y per f a c u l t y member, u n i t j , rank i , p e r i o d t 

= f a c u l t y goal l e v e l d e s i r e d i n u n i t j , p e r i o d t 
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. = d e s i r e d p r o p o r t i o n o f f a c u l t y i n rank i , u n i t j , p e r i o d t 
^ 3 

. = p r o p o r t i o n o f f a c u l t y who s t a y from p e r i o d t t o t + 1 , 
rank i , u n i t j . 

p^. = p r o p o r t i o n o f f a c u l t y promoted from rank i - 1 t o rank i , 
d u r i n g p e r i o d t , i n u n i t j 

= upper bound on t h e number o f f a c u l t y who can be h i r e d i n 
J p e r i o d t , u n i t j 

d^ = d e s i r e d t e a c h i n g a s s i s t a n t - t o - f a c u l t y r a t i o , i n u n i t j , 
3 p e r i o d t 

a j = c o s t per t e a c h i n g a s s i s t a n t d u r i n g p e r i o d t , i n u n i t j 

j 
t 
j 

= d e s i r e d s t a f f - t o - f a c u l t y r a t i o i n u n i t j , p e r i o d t 
3 
Â T = c o s t per s t a f f member i n u n i t j , p e r i o d t 
3 

A = p r o p o r t i o n o f s t a f f who s t a y f r o m p e r i o d t t o t + 1 , (by c h o i c e ) , i n u n i t j 
= t o t a l budget a v a i l a b l e d u r i n g p e r i o d t . 

C o n s t r a i n t s : f t + 1 = . f t . + x t + 1 + p*. f 1 , . ( F a c u l t y f l o w ) " i j "iJ i J i j F i J i - l , J v J 1 

f l j = f ? . + x l . where f ^ = g i v e n , t - 1, ... T 
m t t 
E x.. £ U. (Maximum h i r i n g ) 

i = l 1 J 3 

z ^ >̂  r ^ ( S t a f f r e d u c t i o n ) 

m n t t n t t n t t t 
E E c. . f : . + E a . w L + E A L z. < B (Budget p a y r o l l ) i = l j = i ^ ^ j = i ^ J j = i J J 

m . , . 
Goal c o n s t r a i n t s : E f . . + y ~ - y = g. ( T e a c h i n g - l o a d g o a l ) 

"iJ J' J i J 
m ,, t ^ t v f t t - t + n ( T e a c h i n g - a s s i s t a n t 

J J i = 1 "iJ • /J2 J j 2 r a t i o g o a l ) 

, t „t " I - t , t - t + Zj - Rj _E^ f-. + y-3 - y-3 = 0 ( S t a f f r a t i o g o a l ) 

f t . _ b t _ ™ f t t - _ t + r Q ( F a c u l t y - r a n k 
i J i J i = 1 " i j • y i j 4 • r i j 4 d i s t r i b u t i o n g o a l ) 
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O b j e c t i v e f u n c t i o n : 
n T ' »t- . . t - , M t + ,.t+ , „t- . . t - , k , t + ,.t+ , „t- . . t -M i n i m i s e ^ ^ y.} + M j l y.} + M J 2 y j 2 + M J 2 y j 2 + M J 3 y j 3 

+ M*7 yl~n + M 1 * y 1 ! ) + 1 1 1 /M1" yl.~A + M T + » y t + „ j 4 J j 4 j4 ^ 4 / i = 1 j = 1 t = 1 \ l j 4 • / i j 4 l j 4 y r j 4 

where y^ 's and y t + 's a r e t h e d e v i a t i . o n a l v a r i a b l e s f r o m t h e g o a l s . 
A t h i r d model u t i l i s i n g Goal programming has been developed 

by WALTERS et at. ( 1 9 7 6 ) . I t concerns p l a n n i n g and d e c i s i o n making 
f o r a f i v e y e a r p e r i o d . The model i n c l u d e s f a c u l t y s t a f f i n g g o a l s , 
c a r e e r c o n s t r a i n t s , t e a c h i n g and course l e v e l s and budget c o n s t r a i n t s , 

( b ) A s s i g n i n g f a c u l t y t o courses 
A s p e c i a l s u b c l a s s o f the g e n e r a l a l l o c a t i o n o f r e s o u r c e s 

problem i s t h e one o f a s s i g n i n g f a c u l t y t o c o u r s e s . One o f t h e f i r s t 
s u c c e s s f u l a p p l i c a t i o n s i s t h e model developed by ANDREW and COLLINS 
(1971) whose proc e d u r e has been a p p l i e d f o r many semesters i n t h e 
E l e c t r i c a l E n g i n e e r i n g Department o f t h e U n i v e r s i t y o f Minnesota. T h i s 
i s a L i n e a r programming model and i t s b a s i c f o r m u l a t i o n i s as f o l l o w s : 
Let i = a f a c u l t y member ( i = 1 , ... m) 

j = a course ( j = 1 , ... n) 
p ( i , j ) = t h e p r e f e r e n c e r a t i n g i n d i c a t e d by t h e i t h f a c u l t y 

member o f t h e j t h course 
e ( i , j ) = t h e e f f e c t i v e n e s s o f t h e i t h member f o r t h e j t h cour s e 

as d e t e r m i n e d by t h e Department Chairman 
x ( i , j ) = t h e number o f s e c t i o n s o f t h e j t h course a s s i g n e d t o 

t h e i t h member 
w = a w e i g h t i n g f a c t o r chosen between 0 and 1 

c ( j ) = t h e number o f s e c t i o n s o f t h e j t h cour s e t o be a s s i g n e d 
f ( i ) = t h e number o f s e c t i o n s which c o n s t i t u t e a f u l l t e a c h i n g 

l o a d f o r t h e i t h member. 
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t h e n t h e problem i s t o : 
m n 

Maximise E E x ( i , j ) ^ w ( i . j ) + (1-w) e ( i , j ) 
i = l j = l 

S u b j e c t t o E x ( i , j ) = c ( j ) 
i = l 

1 , . n 

E x ( i , j ) < f ( i ) 
j = l 

i = 1 , . m 

TILLETT (1975) p r o v i d e d a s l i g h t l y d i f f e r e n t f o r m u l a t i o n 
o f t h e same problem i n t h e Secondary school c o n t e x t . His model was a 
Zero-one I n t e g e r Program. A broad d e s c r i p t i o n o f t h i s model i s g i v e n 
below: 
Le t m = t h e number o f t e a c h e r s ( i = 1 , ... m) 

n = t h e number o f courses ( j = 1 , ... n) 
'1 i f t e a c h e r i i s a s s i g n e d t o t e a c h 

k s e c t i o n s o f course j 
x ( i , j ,k) = < 

0 o t h e r w i s e 
a ( i ) = t h e number o f c o u r s e - s e c t i o n s t o which t e a c h e r i i s 

t o be a s s i g n e d 
b ( j ) = t h e number o f s e c t i o n s o f course j t o be a l l o c a t e d 

k = number o f s e c t i o n s o f course j 
k = 1,2, ... c ( i , j ) where c ( i , j ) = a ( i ) o r b ( j ) 
w h i c h e v e r i s l e s s 

e ( i , j ) = t h e e f f e c t i v e n e s s o f t e a c h e r i f o r c o u r s e j 
k e ( i , j ) = t h e c o n t r i b u t i o n t o t o t a l e f f e c t i v e n e s s o f any 

x ( i , j > k ) which has t h e v a l u e o f 1 
P ( i 5 j > k ) = t h e p r e f e r e n c e r a t i n g t e a c h e r i , f o r t h e assignments 

o f k s e c t i o n s o f course j 
k p ( i , j , k ) = t h e c o n t r i b u t i o n t o t h e t o t a l p r e f e r e n c e o f any 

x ( i , j , k ) which has t h e v a l u e o f 1 
w ( i ) = t h e w e i g h t i n g a s s i g n e d by t h e department t o t h e 

p r e f e r e n c e o f t e a c h e r i 0 £ w ( i ) £ 1 
u ( i ) = t h e maximum number o f courses a c c e p t a b l e t o t e a c h e r i 
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then t h e f o r m u l a t i o n o f t h e problem i s : 
m n c ( i , j ) 

Maximise z = E E E d ( i , j , k ) x ( i , j , k ) 
i = l j = l k=l 

n c ( i , j ) 
S u b j e c t t o E E • k , x ( i , j , k ) = a ( i ) i = 1, ... m ( 1 ) 

j = l k=l 
m c ( i , j ) 
E E k , x ( i , j , k ) = b ( j ) j = 1 , ... n ( 2 ) 

i = l k=l 
c ( i , j ) i = 1, ... m 

E x ( i , j , k ) < 1 (3) 
k=l j = 1 , ... n y 
n c ( i , j ) 
E E x ( i , j ,k) <. m ( i ) i = 1, ... m ( 4 ) 

j = l k=l 

x ( i , j ,k) = ( f o r a l 1 i , j , k 
l0 

C o n s t r a i n t s ( 1 ) i n d i c a t e t h a t a l l t e a c h e r s r e c e i v e p r e c i s e l y t h e t o t a l 
number o f s e c t i o n s f o r which t h e y a r e a v a i l a b l e 

" ( 2 ) i n d i c a t e t h a t a l l s e c t i o n s o f a l l courses a r e a l l o c a t e d 
" ( 3 ) i n d i c a t e t h a t from t h e assignments o n l y one occurs 
" (4) i n d i c a t e t h a t no t e a c h e r i s a s s i g n e d more than t h e agreed 

number o f cou r s e s . 
( c ) Classroom a l l o c a t i o n 

I n t h e d e s i g n o f a new campus t h e t y p e and s i z e o f c l a s s r o o m , 
l a b o r a t o r i e s , o f f i c e s , e t c . c o n s t i t u t e a problem. GRAVES and THOMAS 
( 1 9 7 0 ) , developed a L i n e a r programming model f o r f i n d i n g t h e l o c a t i o n -
a l l o c a t i o n o f classrooms which maximises t h e a t t a i n m e n t o f academic 
l o c a t i o n p r e f e r e n c e w h i l e a t t h e same t i m e m i n i m i s e s t h e c o n s t r u c t i o n c o s t s . 
Let m = number o f departments 

n = cl a s s r o o m c a t e g o r i e s 
x.. = t h e number o f classrooms o f c a p a c i t y t y p e j , f o r 

department i which a r e t o be l o c a t e d w i t h l a b o r a t o r i e s 
and f a c u l t y o f f i c e s 
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y . . = the number o f classrooms of capac i t y type j f o r 
1 J department i which are to be loca ted i n a general 

congregat ion o f c lassroom type f a c i l i t i e s 

p.j . = preference measure f o r classroom type 

= pre ference measure f o r classroom type y.. . 

c . = cos t o f c o n s t r u c t i o n f o r each classroom type x . . 

d . . = cos t o f c o n s t r u c t i o n f o r each classroom type j . , 

C = t o t a l budgeted cos t o f c o n s t r u c t i o n o f classrooms 
f o r the group o f department under c o n s i d e r a t i o n 

t . . = t o t a l number o f classrooms o f category j , which are 
^ au tho r i sed f o r department i and budged f o r c o n s t r u c t i o n . 

The model then takes the f o l l o w i n g fo rm: 

m n 
Maximise z = E E ( p . .x . • + q . - y . - ) (1) 

i = 1 j = 1

 V 13 13 i i 3 J i 3 y v ' 

m n 
Subject to E E (c . .x . • + d . , y . .) < C (2) 

i = l j = l 1 J 1 J 1 J 1 J 

x . . + y . . = t . . 3 = l , . . . n (3) 
T 3 T 3 13 v 1 

x + y . = t . ny 7m3 m3 

and x . . + y . . > 0 (4) 
13 13 _ K 1 

Although the v a r i a b l e s are i n h e r e n t l y i n t e g e r s , the L inear programming 

procedure was u t i l i s e d . 

In order to f i n d both the maximum pre ference and the cost minim 

s o l u t i o n the f o l l o w i n g th ree step process has been taken : . 

(a) Solve the above mentioned problem to maximise the academic 
l o c a t i o n p re fe rence . 

(b) Set the o b j e c t i v e f u n c t i o n (1) equal to opt imal v a l u e , say Y . 

(c ) Solve the f o l l o w i n g problem: 
m n 

Minimise a = E E ( c . .x . . + d . . y . . ) 
i = l j = i 1 J ^ i J T J 
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m n 
Subject to £ Z ( p , , x . . + q ^ y , , - ) = z 

y. . + y. . f o r a l l i = 1 , . . . m 
j = 1 , . . . n 

The same authors CRAVES and THOMAS (1976) d e a l t w i t h the problem o f 

l o c a t i n g departments a t a mult icampus U n i v e r s i t y . 

Mathemat ica l l y t h e i r model takes the f o l l o w i n g fo rm: 

Mi n imise z = 
n n N N r 

I I Z I c , f , < 
k=l r = l =1 j = l ' r k rk 

Subject to Z S f y < A 
j = l l j = l 1 J J K J K 

y j k ^ " y i k 1/ y i k 0 y j r 

1 , 

where: 

1 y i k k=l J K 

z 

n 

N 

k , r 

i . j 

y j k 

f . . 

' k r 

y.-j k 

= 1 

= 0 1 

1 , 

a l l j , k 

the value o f the o b j e c t i v e f u n c t i o n 

the number o f campuses 

the number o f departments 

campus ind ices k , r = 1 , . . . n 

department i nd ices i , j = 1 , . . . N 

1 i f department j i s e s t a b l i s h e d a t campus k 

0 o therw ise 

f l ow o f FTE (= f u l l t ime e q u i v a l e n t ) s tudents from 
department i t o department j 

c o n s t r a i n t constant f o r campus k i n terms of FTE 
s tudent popu la t i on 

r e l a t i v e cost per FTE s tudent assoc ia ted w i t h t r a v e l 
from campus k to campus r . 

The o b j e c t i v e i s to min imise the sum o f the intercampus f l ow costs i n 

the con tex t t h a t N academic department can be loca ted a t n campus. 
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Cons t ra in t set (2) sums the " s i z e s " o f those academic departments 

loca ted on a p a r t i c u l a r campus to assure t h a t the s o l u t i o n i s f e a s i b l e . 

Cons t ra in t set (3) requ i res t h a t somewhere among the n campuses a 

given department j i s p laced. Cons t ra in t set (4) insure t h a t the 

d e c i s i o n v a r i a b l e s may on ly have the i n t ege r values zero-one , i . e . t h a t 

a department cannot be s p l i t between two or more l o c a t i o n s . 

The s o l u t i o n method o f t h i s zero-one problem has been found by 

i m p l i c i t enumerat ion. 

(d) T imetab l ing 

There have been a number o f approaches t o computer ise the 

c o n s t r u c t i o n o f t ime tab les f o r educat iona l es tab l i shments (BARRACLOUGH, 

1965:, ALMOND, 1966, YULE, 1968). However the above models d i d not 

at tempt f i n d i n g opt imal s o l u t i o n s . LAWRIE (1969) fo rmu la ted the t ime 

t a b l i n g problem as an i n t ege r l i n e a r one and produced a computat ional 

procedure based not on u n i t s o f the teacher or the c lass but on l a r g e r 

u n i t s o f depar tments, year groups o f p u p i l s , and l a y o u t s . (The layou t 

i s a statement o f the cu r r i cu l um and i t s o r g a n i s a t i o n f o r a group o f 

p u p i l s , e . g . a l l the p u p i l s i n the f i r s t , say, year o f the s c h o o l . ) 

(e) Planning c u r r i c u l u m - Test c o n s t r u c t i o n and s e r v i c i n g 

The a p p l i c a t i o n o f o p t i m i s i n g procedures i n t h i s area o f 

educat iona l p lann ing i s r a t he r l i m i t e d . 

'CORREA (1965) repor ted an a p p l i c a t i o n o f I n tege r programming 

i n the p repa ra t i on o f an educat iona l c u r r i c u l u m . Given the courses and 

a l i s t o f p r e r e q u i s i t e s the f o l l o w i n g f o r m u l a t i o n r e s u l t s i n the best 

s o l u t i o n o f which courses should be t a u g h t : 

Maximise z = 
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where: 

Subject to <. 

r > c. 

X . 
J 

X . 
1 

x j 
0 , 1 

s . 
1 

X . 
1 

s . . 
1 J 

= a course i - 1 , . . . 

1 i f course s. i s taught 

0 o therw ise 

a (n x n) m a t r i x o f p r e r e q u i s i t e s 

fl i f sub jec t j i s a p r e r e q u i s i t e o f sub jec t i 

0 i f i t i s not 

1 by convent ion and s . . 

n. 
I 

c. 

the number o f p r e r e q u i s i t e s o f sub jec t i 

cos t o f teach ing course i 

Pi b e n e f i t s o f course i 

( b e n e f i t s o f the p r e r e q u i s i t s are not i nc luded ) 

r = amount o f resources a v a i l a b l e . 

A d i f f e r e n t approach to the c u r r i c u l u m p lann ing problem has been 

presented by TAFT and REISMANN (1967) . They u t i l i s e d a composite 

equat ion f o r the educat iona l p o t e n t i a l f o r one p a r t i c u l a r course based on 

the l e a r n i n g process theory and propose a h e u r i s t i c a l g o r i t h m f o r the 

s e l e c t i o n o f best (or near bes t ) sequence f o r the sub jec t p r e s e n t a t i o n . 

A p p l i c a t i o n s o f t h i s method can be made a t a l l l e v e l s o f the educat iona l 

system. 

The basic f u n c t i o n used i s : 

MH <M - S • L ( t L ) ' C - A t S o 

where: P = the educat iona l p o t e n t i a l o f a s tudent a t t ime t 

S = the type o f sub jec t mat te r 
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H = the t o t a l t ime devoted to sub jec t mat te r S f o r 
teach ing and r e p e t i t i o n 

L = type of l ea rne r 

M = method o f teach ing 

t ^ = represents the cumula t ive amount o f t ime t h a t a 
g iven sub jec t has been s tud ied i n the classroom 

- R = the t o t a l number of t imes a g iven sub jec t has been taught 

t = the decay (or f o r g e t t i n g ) t ime . 

FEUERMAN and WEISS (1973) have developed a model f o r I t e s t 

c o n s t r u c t i o n and sco r ing which u t i l i s e s the "knapsack" problem o f L U I W K 

programming. The method app l i es to examinat ionSof the typo o f 

m u l t i p l e q u e s t i o n . fv^e. 

For a heterogeneous examina t ion , an examinat ion where the 

var ious quest ions ca r r y a d i f f e r e n t w e i g h t , the s tudent i s asked to a t tempt 

a l l the ques t i ons . The i n s t r u c t o r , i n t u r n , would then proceed to mark 

a l l the quest ions and ass ign a score f o r each q u e s t i o n . A f t e r t h a t he 

s e l e c t s , v ia the "knapsack" a l g o r i t h m a subset o f the quest ions answered 

i n which the t o t a l weight does not exceed a weight l i m i t w . The sum 

o f the scores f o r a l l the quest ions i n the subset i s a maximum f o r the 

s tudent over a l l o the r poss ib le subsets . 

The mathematical model i s as f o l l o w s : 

Let w. = the weight o f each o f the ques t i on? in the examinat ion 
( i = 1 , . . . n) 

v^ = the value of s tudents score on each ques t ion 
(0 < vn. < w . ) 

A i f the i t h ques t ion i s se lec ted 
x . - \ 

^0 o therw ise 

The problem then i s : 

Maximise z = x . v . + . . . x v 
1 i n n 

Subject to x w + . . . x w < w 

and 
0 

f o r a l l i . 
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For a comprehensive review o f Mathematical programming models i n 

educat iona l p lann ing see McNAMARA (1973) , CASE and CLARKE (1967) , 

WEITZ (1969) . Numerous a p p l i c a t i o n s of Operat iona l research techniques 

can be found a lso i n OECD (1969) and i n the PROCEEDINGS OF THE 

SYMPOSIUM ON OPERATIONS ANALYSIS OF EDUCATION (1969) . 

2.3 A note on the c o n t r i b u t i o n o f Operat iona l research to educat iona l 

p lann ing 

From the above discussed models i t i s c l e a r t h a t Operat iona l 

research techniques have been w ide ly used i n a s s i s t i n g educat iona l p lanners 

and a d m i n i s t r a t o r s i n s o l v i n g a g rea t v a r i e t y o f problems. Al though not 

a l l o f them have been d e a l t w i t h adequa te ly , as ACKOFF (1975) put i t 

"The outputs of such studies have not been insignificant. They have 

reduced waste of valuable human and material resources and they have led 

to greater efficiency of operations". 

However, some o f the l i m i t a t i o n s o f the Operat iona l research 

c o n t r i b u t i o n to educat iona l p lann ing should be ment ioned. Ce r ta in aspects 

of e d u c a t i o n , such as the q u a l i t y o f e d u c a t i o n , are d i f f i c u l t t o q u a n t i f y 

and s t a t e ma themat i ca l l y . Fur thermore, basic assumptions o f the mathematical 

techniques used may o f t e n be v i o l a t e d , s ince they do not correspond too we l l 

w i t h the system being model led. For i n s t a n c e , i n the school busing problem 

the p r o p o r t i o n a l i t y assumption o f L inear programming does hot ho ld 

(HECKMAN and TAYLOR, 1969). 

F i n a l l y , the s o l u t i o n t o a mathematical programming model o f an 

educat iona l p lann ing problem, should be judged as a s p e c i f i c one and not 

as " t he s o l u t i o n " to i t . 

Fur ther d i scuss ion on the r o l e o f Operat iona l research i n 

soc io -econom ic problem areas can be found i n STIMSON and THOMSON (1975) . 
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CHAPTER I I I 

A DYNAMIC PROGRAMMING MODEL 

In the f i r s t sec t i on o f t h i s chapter a b r i e f account o f the 

educat iona l system as i t operates i n the U.K. i s g i v e n . Since our 

purpose i s to present the general p i c t u r e d e t a i l e d aspects have been 

igno red . A basic d e s c r i p t i o n o f Dynamic programming i s the sub jec t o f 

sec t i on 3 .2 . The remaining sec t ions are devoted to a s i n g l e mathematical 

model concerning an i n d i v i d u a l ' s dec i s i on making process through the 

educat iona l system by u t i l i s i n g the technique o f Dynamic programming. 

3.1 Ou t l i ne o f the educat iona l system 

B a s i c a l l y , the educat ion system can be d i v i d e d i n t o th ree 

p a r t s : the Primary educat ion ( i n c l u d i n g N u r s e r y ) , the Secondary, and 

the Post compulsory educa t ion . 

Primary educa t ion . The compulsory schoo l ing s t a r t s a t the age o f f i v e 

and l a s t s u n t i l the age o f e leven . The aims a t t h i s stage are to 

prov ide the c h i l d r e n a f u l l scope f o r t h e i r i n d i v i d u a l development. 

Secondary educa t ion . P rov i s ion o f Secondary educat ion could take many 

forms. U n t i l the e a r l y s i x t i e s the g rea t m a j o r i t y o f schools were o f 

th ree t ypes : grammar - "modern" - t e c h n i c a l , organised on a s e l e c t i v e 

basis depending on the r e s u l t s o f t e s t s taken a t about the age o f 1 1 . 

Later on a new type o f comprehensive school took over , based on a non

s e l e c t i v e a t t i t u d e . The comprehensive school has increased i n importance 

in recent y e a r s , a l though some con t roversy s t i l l e x i s t s , and the system 

i s r a t he r moving toward t h i s d i r e c t i o n , ending i n t h i s way the s e l e c t i v e 

secondary schoo l . Today almost 60% of the mainta ined secondary schools 

are comprehensive. 
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Post secondary educa t ion . The minimum school l eav ing age o f a l l 

c h i l d r e n i s now 16 ( ra i sed from 15 i n 1972). At t h i s age p u p i l s have a 

v a r i e t y o f o p t i o n s , i . e . , they may d i scon t i nue t h e i r formal educat ion and 

enter employment or they may con t ine a t school f u l l t ime or a t some 

k ind o f Fur ther educat ion es tab l i shmen t . 

At the end o f the compulsory s c h o o l i n g , the re are two types 

o f examinat ions : the C e r t i f i c a t e o f Secondary Educat ion (C .S .E . ) and 

the General C e r t i f i c a t e o f Educat ion ( G . C . E . ) . G.C.E. examinat ions 

are conducted a t two l e v e l s , an "Ord inary " ( ' 0 ' l e v e l ) and an. Advanced 

'A' l e v e l ) . Ord inary l eve l papers are u s u a l l y taken a t the end o f a 

f i v e year course i n a secondary schoo l . Advanced l eve l .examinations 

are taken two years l a t e r . 

Fur ther educa t i on . This term i s commonly used to mean Post-secondary 

educat ion exc lud ing U n i v e r s i t i e s and Col leges o f educa t ion . I t covers 

a v a r i e t y of courses and q u a l i f i c a t i o n s awarded from ' 0 ' l eve l to pos t 

graduate s t u d i e s . Conven t iona l l y they are c l a s s i f i e d i n t o non-Advanced 

and Advanced. The former are those courses reach ing standards not 

above 'A ' l e v e l standards ( e . g . O.N.D., O'.N.C. e t c . ) . 

F i r s t degree courses a t Fur ther educat ion es tab l ishments are 

open to those having app rop r i a te G.C.E. 'A' l eve l or equ i va len t q u a l i f i 

c a t i o n s . Minimum entrance requirements are s i m i l a r to those imposed 

by U n i v e r s i t i e s , i . e . f i v e G.C.E. passes o f which a t l e a s t two are a t 

Advanced 1eve l . The f i n a l degree must be approved by the Counci l f o r 

Nat iona l Academic Awards ( C . N . A . A . ) . Other Advanced q u a l i f i c a t i o n s 

awarded i n P o l y t e c h n i c s , Col leges o f Fur ther Educa t ion , Technical Co l leg 

are the two year Higher Nat iona l Diploma (= H.N.D.) and the t w o - t o - t h r e e 

year Higher Nat iona l C e r t i f i c a t e (= H.N.C.) i n a wide range o f t e c h n i c a l 

s u b j e c t s . Non-Advanced q u a l i f i c a t i o n s , p r a c t i c a l i n content designed 

main ly f o r i n d u s t r i a l requ i rements , are those o f O.N.D. , O.N.C. , and 

C i t y and G u i l d s , e t c . 
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Teacher t r a i n i n g c o l l e g e s . Col leges o f educat ion were ( i n 1972) the 

main source o f supply of teachers f o r the Primary and Secondary educa t i on . 

The minimum en t r y requirements are f i v e passes a t ' 0 ' l e v e l , a l though i n 

p r a c t i c e t w o - t h i r d s o f the en t ran ts have a t l e a s t one 'A' l e v e l pass. 

The d u r a t i o n o f the courses f o r the C e r t i f i c a t e o f Educat ion i s th ree 

years f u l l t i m e , and o p p o r t u n i t i e s e x i s t f o r a f o u r t h year to ob ta i n a 

B.Ed. Also one year courses are prov ided f o r graduates and f o r ho lders 

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

Considerable changes are now (1976) t a k i n g place i n the Col leges 

a f t e r the JAMES Report (1974) . These w i l l mean u l t i m a t e l y the a b o l i t i o n 

o f the Teacher 's c e r t i f i c a t e and poss ib l y the widespread i n t r o d u c t i o n o f 

a two year Diploma o f Higher educat ion which can serve as a basis f o r an 

Ordinary B.Ed, (one f u r t h e r yea r ) or Honours (two f u r t h e r years ) or as 

an i n t r o d u c t i o n to o ther q u a l i f i c a t i o n s . However i n what f o l l o w s the 

s t r u c t u r e as i n 1972 i s taken as a basis s ince the s t a t i s t i c s a v a i l a b l e 

are based on t h a t s i t u a t i o n . 

U n i v e r s i t i e s . U n i v e r s i t y degree courses g e n e r a l l y extend over th ree or 

f ou r y e a r s , a l though i n some f i e l d s (Med ic ine , A r c h i t e c t u r e ) f i v e or s i x 

years o f study are r e q u i r e d . In most u n i v e r s i t i e s an "Ord ina ry " 

(= General) degree, or an Honours (= Spec ia l ) degree can be taken . 

Over 75% of s tudents take Honours degrees. 

Fur ther study or research f o r one or two years and a t l e a s t 

th ree years are requ i red f o r a Master ' s degree and Ph.D. r e s p e c t i v e l y . 

A p i c t o r i a l r e p r e s e n t a t i o n o f the educat iona l system i s g iven a t scheme 1 . 

3.2 I n t r o d u c t o r y concepts o f Dynamic programming 

Dynamic programming i s not on ly an o p t i m i s a t i o n technique but 

i t i s a lso a way o f v iewing a problem. I t main ly deals w i t h o p t i m i s i n g 
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mu l t i s t age dec i s i on processes. In such a process a sequence o f 

dec is ions i s made which op t im ises (maximises or min imises) some 

predef ined o b j e c t i v e f u n c t i o n . 

The essence o f t h i s procedure i s to subd iv ide the e n t i r e 

dec i s i on problem i n t o smal le r subproblems which can be handled more 

e f f i c i e n t l y from a computat ional p o i n t o f view and f i n d the opt imal 

s o l u t i o n . We then en large our search by cons ide r ing more subproblems 

and t r y to f i n d the c u r r e n t opt imal s o l u t i o n from the prev ious one. 

Cont inu ing in t h i s manner we cover the e n t i r e problem. 

A main d i f f e r e n c e between Dynamic programming and the 

o p t i m i s a t i o n techniques descr ibed i n chapter I I i s t h a t the l a t t e r 

descr ibes the e n t i r e dec i s ion process i n one set o f i n e q u a l i t i e s and 

opt im ises the o b j e c t i v e f u n c t i o n . Dynamic programming on the o the r 

hand s p l i t s the e n t i r e problem i n t o smal le r ones. 

A major d isadvantage i s t h a t a general purpose preprogrammed 

computat ional a l g o r i t h m does not e x i s t as i n the case o f L inear 

programming. 

3 .2.1 Basic c h a r a c t e r i s t i c s o f Dynamic programming problems 

Al though there i s a lack o f a we l l de f ined f o r m u l a t i o n scheme 

which can be app l i ed to a l l Dynamic programming problems, HASTINGS (1973) , 

McMILLAN (1975) , HILLIER and LIEBERMAN (1974) noted t h a t some common 

fea tu res do e x i s t . These c h a r a c t e r i s t i c s are discussed below: 

Stage j n j . A stage might be seen as a s i n g l e s tep i n the dec i s i on 

process. Very o f t e n a stage i s i d e n t i f i a b l e w i t h a t ime i n t e r v a l . How

ever the p rec ise d e f i n i t i o n o f a stage depends on the content o f the problem 

State j i j . By t h i s term we mean a l l the r e l e v a n t i n f o r m a t i o n about 

the s i t u a t i o n under c o n s i d e r a t i o n . I t i s a r e l e v a n t term depending 
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on the depth o f the ana l ys i s under taken. In general we may say t h a t 

the ' s t a t e s ' i d e n t i f y a l l poss ib le c o n d i t i o n s i n which the system might 

be a t a p a r t i c u l a r s tage . The number of s ta tes may be e i t h e r f i n i t e 

or i n f i n i t e , and so one (or many) d i s c r e t e (or cont inuous) v a r i a b l e s 

may be used to de f i ne i t . 

Ac t ion j k j . At each stage a p o l i c y dec i s i on i s r e q u i r e d . The e f f e c t 

o f the dec i s i on i s to t rans fo rm the c u r r e n t s t a t e i n t o a s t a t e assoc ia ted 

w i t h the next s tage . 

Plan (or Pol i c y ) . A set o f ac t i ons c o n s t i t u t e a p l a n . An Optimal p lan 

i s t h a t sequence o f ac t i ons which y i e l d s the opt imal value o f the 

o b j e c t i v e c r i t e r i o n . 

Return j r ( n , i , k ) | . A r e t u r n i s some q u a n t i t y generated by the system 

due to the t r a n s i t i o n o f the system from one s t a t e to ano ther . Usua l ly 

i t takes the form o f p r o f i t or cos t or d i s tance or the consumption o f a 

resource , e t c . In general i t s e f f e c t i s cumu la t i ve . 

Value o f a s t a t e under a c t i o n k | f (n , i , k ) | i s the value o f the o b j e c t i v e 

f u n c t i o n when the system s t a r t s i n s t a t e i , a t stage n and a c t i o n k 

(one o f the a v a i l a b l e ac t i ons a t t h a t s t a t e ) i s taken f o l l owed by the best 

plan subsequent ly . Fur thermore, to each s t a t e a t the te rm ina l stage 

(n = 1) a de f ined value i s ass igned. 

The p r i n c i p l e o f o p t i m a l i t y . This r e l a t e s an opt imal p o l i c y f o r the 

remaining stages (g iven the c u r r e n t stage and s t a t e ) w i t h the p o l i c y 

adopted i n prev ious s tages. 

As s ta ted by BELLMAN (1957) an op t i ona l p o l i c y has the 

p roper ty t h a t , whatever the i n i t i a l s t a t e and i n i t i a l dec i s i on a r e , the 

remaining dec is ions must c o n s t i t u t e an opt imal p o l i c y w i t h regard to the 

s ta te r e s u l t i n g from the f i r s t d e c i s i o n . 

S u f f i c i e n t cond i t i ons to j u s t i f y the above p r i n c i p l e can be 

found i n HASTINGS (1973) . 



70 

Recursive r e l a t i o n s h i p . This i s the mathematical express ion o f the 

opt imal value o f a s t a t e i a t stage n and the opt imal value o f a 

subsequent s t a t e j a t stage (n -1) . That i s 

f ( n , i ) = maximum/minimum | f (n , i , k ) | 

over a l1 ac t i ons k 

and f ( n , i , k ) = r ( n , i , k ) + f ( n - 1 , j ) , when the re tu rns are a d d i t i v e 

where r ( n , i , k ) = the r e t u r n due to a c t i o n k 

f ( n - l , j ) = the Optimal value o f the successor s t a t e j . 

Since the r e t u r n s , the s t a t e s , the s tages , the form o f the 

r ecu rs i ve r e l a t i o n s h i p , the te rm ina l values a t n=l , e t c . have been 

decided upon^the s o l u t i o n procedure, as descr ibed i n HASTINGS (1973) , 

runs as f o l l o w s : 

(a) The opt imal value and opt imal a c t i o n f o r each s t a t e , f o r a l l 

s tages , are determined by employing the r e c u r s i v e r e l a t i o n s t a r t i n g from 

stage (n= l ) and work ing backwards to stage (n=2) , stage (n=3) , e t c . 

u n t i l a l l stages have been cons idered . 

(b) The opt imal value and opt imal a c t i o n o f each s t a t e from step (a) 

are s e l e c t e d . The sequence o f opt imal dec is ions c o n s t i t u t e s then an 

opt imal p o l i c y , (= opt imal p l a n ) . 

3 .2 .2 D e t e r m i n i s t i c - P r o b a b i l i s t i c Dynamic programming problems 

One way o f c l a s s i f y i n g Dynamic programming problems i s by 

l ook ing a t whether the successor s t a t e j can be comple te ly determined 

a t the c u r r e n t s tage. Using t h i s c r i t e r i o n we d i s t i n g u i s h between 

d e t e r m i n i s t i c and p r o b a b i l i s t i c Dynamic programming problems. 

A. D e t e r m i n i s t i c Dynamic programming 

A Dynamic programming problem can be ca tegor i sed as a 

d e t e r m i n i s t i c one when the s t a t e j a t the next stage (n -1) i s 

complete ly determined by s t a t e i . a c t i o n k a t the c u r r e n t stage n . 
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The common s t r u c t u r e f o r D e t e r m i n i s t i c dynamic programming i s 

i l l u s t r a t e d i n scheme 2, which can be i n t e r p r e t e d as f o l l o w s : suppose 

t h a t the system i s a t stage n , s t a t e i and some a c t i o n k i s taken 

by the dec i s i on maker. The o b j e c t i v e f u n c t i o n a t s t a t e ( n , i ) , under 

a c t i o n k i s denoted by f ( n , i , k ) . The system by moving from ( n , i ) 

t o ( n - l , j ) under a c t i o n k , generates a r e t u r n r ( n , i , j , k ) . The 

opt imal value o f s t a t e ( n - l , j ) i s denoted by f ( n - l , j ) . By combining 

the immediate r e t u r n r ( n , i , j , k ) and the opt imal value f ( n - l , j ) we 

take the o b j e c t i v e value a t ( n , i ) i . e . 

f ( n , i , k ) = r ( n , i , j , k ) + f ( n - l , j ) 

Therefore the r e c u r s i v e r e l a t i o n s h i p over a l l poss ib le ac t i ons i s 

f ( n , i ) = maximum/minimum | r ( n , i , j , k ) + f ( n - l , j ) | 

a l l k a l l k 

B. P r o b a b i l i s t i c Dynamic programming 

By i n t r o d u c i n g an element o f u n c e r t a i n t y a t some p o i n t o f the 

dec i s i on process, the d e t e r m i n i s t i c ve rs ion can be genera l i sed i n t o a 

s t o c h a s t i c one. Some common types o f s t o c h a s t i c Dynamic programming 

problems encountered i n the f i e l d o f Operat iona l Research are g iven below: 

(1) At each s t a t e severa l dec is ions e x i s t , but the dec i s i on maker cannot 

make his, dec is ions w i t h c e r t a i n t y . I t i s r a t h e r a p r o b a b i l i t y d i s t r i b u 

t i o n t h a t determines the dec is ions taken . This k ind o f problem might 

be c a l l e d the s t o c h a s t i c - p o l i c y problem. 

(2) Another type i s the one where, g iven the s t a t e and a c t i o n v a r i a b l e s 

i and k r e s p e c t i v e l y , the next s t a t e j a t stage (n -1 ) i s not 

comple te ly de termined, but i t i s a p r o b a b i l i t y d i s t r i b u t i o n which 

determines what the next s t a t e w i l l be. 

(3) The new s t a t e j , i s d e t e r m i n i s t i c a l l y known, but the immediate 

r e t u r n i s on ly s t a t i s t i c a l l y known. 



s t a g e n s t a g e (n-1 ) 

a c t i o n k 

f ( n i k ) U n A j ) 

Scheme 2: Basic s t r u c t u r e o f D e t e r m i n i s t i c Dynamic 
Programming Problems 

s t a g e n s t a g e (n-1) 

R i 
f(n-11 ) 

R i a c t i o n k o U n - l l ) 

U n i k ) 
R 

N N 

f(n-1 N ) N 

Scheme 3: Basic s t r u c t u r e o f P r o b a b i l i s t i c Dynamic 
Programming Problems 



72 

(4) When the form o f the d i s t r i b u t i o n o f the random v a r i a b l e i nvo lved 

i s known, but the parameters, such as mean or var iance are unknown, then 

we have an adapt ive process. 

As f a r as the o b j e c t i v e f u n c t i o n i s concerned i t o f t e n takes 

the form o f the "expected va lue" o f some f u n c t i o n . But the re are o ther 

c r i t e r i a in t roduced as we l l such as "maximise the p r o b a b i l i t y t h a t the 

r e t u r n exceeds some f i x e d amount", e t c . 

Scheme 3 i l l u s t r a t e s type 2 mentioned p r e v i o u s l y . 

3.3 Decis ion making through the educat iona l system 

In t h i s sec t i on a s imple mathematical model i s g iven concerning 

an i n d i v i d u a l ' s dec i s i on making through the educat iona l system. The 

i n d i v i d u a l ' s dec i s ions are considered as being a m u l t i s t a g e process i n 

which two f a c t o r s p lay an impor tan t r o l e : the f i n a n c i a l improvement due 

to a d d i t i o n a l educat ion he rece ives and a lso the u n c e r t a i n t y assoc ia ted 

w i t h h is d e c i s i o n s . The basic idea o r i g i n a t e d from the work by COMAY 

et al. (1973) (see sec t i on 2 . 2 . 1 ) . 

The main fea tu res o f our model are i l l u s t r a t e d i n scheme 4 i n 

the form o f a dec i s i on t r e e . The p rec ise i n t e r p r e t a t i o n o f the var ious 

symbols w i l l be g iven i n the f o l l o w i n g s e c t i o n s . The mathematical 

technique used i s t h a t o f Dynamic programming. A dec i s i on network 

cover ing the e n t i r e educat iona l system i s g iven i n Appendix A, scheme 1 . 

3 .3 .1 The statement o f the problem 

Consider an i n d i v i d u a l w i t h i n an educat iona l system, who i s to 

decide whether to cont inue h is s tud ies f u r t h e r or to leave the system. 

Assuming (a) t h a t he i s aware of the average earn ings assoc ia ted w i t h 

each q u a l i f i c a t i o n o f f e r e d ; (b) the f lows o f s tudents among the var ious 
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branches of the educational system as well as the f a i l u r e ra tes; (c) that 

he can estimate broadly his own p robab i l i t i es of acceptance and f a i l u r e ; 

and (d) that his only object ive is the maximisation of the expected sum 

of net benefi ts generated because of addi t ional t r a i n i n g . 

Determine ( i ) the sequence of decisions which y i e l d the best earnings 

( i i ) the value of the to ta l expected net earnings. 

3.3.2 Formulation of the problem - terminology 

F i r s t the variables used in the Dynamic programming formulat ion 

of the above problem w i l l be def ined. I t is assumed that the educational 

system has been divided in to educational l eve ls . 

Stage j n j . The stage var iable n represents the number of educational 

levels to be considered un t i l the end of the educational process. The 

successor to stage n , is denoted by m . Generally, m = n-1 , but 

not always as i t is shown in scheme 1 , Appendix A. In th is sense a 

stage is a step, a t r ans i t i on wi th in the system. Only the postcompulsory 

educational system w i l l be considered which, fo r the purposes of our model, 

has been decomposed in to six stages. I f N = 6 denoted the to ta l 

number of stages then n = 1 , . . . N . 

State j i j . The state var iable is defined as the possible outcome of a 

t r ans i t i on between the educational leve ls . The next state to state i , 

which is in stage m , is denoted by j . We shal l consider the possible 

outcomes: 

j = meaning the "successful completion" of a t r a n s i t i o n . 

j = j£ meaning "not successful completion". 

j = j- j meaning the outcome of a t r a n s i t i o n from any state 
to the market s ta te . 

Action or Decision j k j . This var iable is defined as a par t i cu la r choice 

that the ind iv idual is going to make among the a l te rnat ives for which he is 

e l i g i b l e . 
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In general, i t is assumed that there is a set K of a l te rna t i ve 

decisions open to qua l i f i ed persons at any stage n and state i . 

k = 1 means that the indiv idual leaves the system and goes to employment. 

(No account has been taken of the reverse procedure, i . e . reentry to 

education from employment.) The possible t rans i t ions from a general 

state ( n , i ) under action k = 1 or k f 1 , can be interpreted as 

fo l lows: Assume that a person is at some educational level (= stage n ) 

and holds a cer ta in qua l i f i ca t i on (= state i ) . I f he makes a decision 

(= act ion k f 1 ) then at the end of the next educational level (= stage 

m ) , provided he has been accepted, he w i l l e i ther succeed in completing 

his course ( j = j ^ ) or he w i l l not ( j = j ^ ) . I f he makes the choice 

k = 1 (= take a job) at e i ther a successful or a D/0 state then 

determinis t ica l ly he w i l l be in the market ( j =3- . ) at the next stage 

points should be made*. 

(a) The market state j = is an absorbing one whenever occurs 

and therefore t rans i t ions toward other states are not considered. 

(b) When t rans i t i ons are made to ' 0 ' or 'A' level (e i ther f u l l time 

or part t ime) , state j = j ' 2 (= "not successful complet ion") , does not 

mean a f a i l u r e , but i t rather means that the student in question has not 

been awarded the uppermost q u a l i f i c a t i o n granted. Thus, j = 3^ fo r 

' 0 ' level or 'A' level corresponds to < 5 ' 0 ' and <. 1 'A' respect ively. 

A s imi la r point can be made for the City and Guilds t r ans i t i ons . For 

these, j = j , , (= "not successful completion") is taken to mean the 

qua l i f i ca t i on awarded to students a f t e r three years of studies and i t 

does not necessari ly imply a dropout of the two year course where 

K 1 , 

(n-1) . 

Although the above variables can describe any t r ans i t i on two 
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successful completion is denoted by j = j ^ • For any other t r ans i t i on 

j = j'2 means a f a i l u r e . The only avai lable t r ans i t i on from j = J2 

(when i t means a f a i l u r e ) is under k = 1 , i . e . toward employment. 

Returns | r ( n , i ) | and Costs | c ( n , i ) | . We assume that with any stage 

and s ta te , i . e . with any ( n , i ) , there is associated an expected return 

r ( n , i ) r e f l ec t i ng roughly the "pr ice" of the awarded q u a l i f i c a t i o n as 

i t is estimated in the market. This has been estimated as average 

l i f e t ime earnings, taken a r b i t r a r i l y to be 40* average annual earnings. 

The absolute values have of course changed considerably since th is data 

was col lected but the re la t i ve values may s t i l l have some r e a l i t y . No 

discounting has been done over the l i f e t i m e per iod, since the indiv idual 

is assumed to make a subject ive est imate, and on past experience salar ies 

r ise at a f a i r l y constant rate due to i n f l a t i o n . Also with each ( n , i ) 

is associated a cost c ( n , i ) , measured in terms of earnings foregone up 

to that stage by the indiv idual when he continued his studies rather than 

entered the labor force. Direct costs, i . e . fees, have been ignored 

since the great major i ty of students have a l l t he i r education costs paid 

by local au tho r i t i es . The values for earnings and costs associated with 

various qua l i f i ca t i ons are given in Appendix B, Table 1. 

The return of a dropout state > f ° r which no data was 

ava i lab le , has been taken a r b i t r a r i l y as giv ing an advantage which is 

1/3 the advantage of the corresponding successful state j ^ ; 

i . e . r ( n - l , j 2 ) = l / 3 | r ( n - l , j 3 ) - r ( n , i ) | + r ( n , i ) 

The dropout is always assumed to occur hal f way through the course, so 

the foregone earnings are those of the previous state augmented by 1/2 

of the foregone earnings of the current successful state 

i . e . c ( n - l , j 2 ) = l / 2 [ c ( n - l , j ' ) + c ( n , i ) } . 



76 

These assumptions have been made before in s imi la r studies (COMAY, et 

al. 1973). Returns and costs have been discounted over the educational 

per iod, with a discounted factor : 

where r is the discount rate taken as 8% and t ( n , i , j , k ) is the 

t r ans i t i on time from state ( n , i ) to (m, j) under act ion k . I t has 

been assumed that the t rans i t i on time under k = 1 is zero. 

Transi t ion p robab i l i t i es | p ( n , i , j , k ) | . With any act ion k > 1 there 

is associated a p robab i l i t y Q(n , i , k ) of being accepted as a student 

for the desired q u a l i f i c a t i o n , and a p robab i l i t y P (n , i , k ) of not 

successful ly completing the course. Thus the possible outcomes of 

decision k (see scheme 4) are: 

( i ) not accepted, probabil ity-M - Q ( n , i , k ) L which is assumed to 

( i i ) accepted, but dropping out , p robab i l i t y Q(n , i , k )P(n , i ,k) 

( i i i ) accepted and successful, p robab i l i t y Q(n,i , k ) | l - P ( n , i , k ) | . 

Each of these outcomes leads to a d i f f e r e n t successor state (m,j) . 

Thus, e.g. from state (3 ,7 ) , successful completion of OND, under act ion 

k = 2 , attempt HND, the possible successor states are (2,14) (= employ

ment as qua l i f i ed OND), (2,11) (= dropout from HND course) or (2,10) 

(-. successful completion of HND). 

P (n , i , k ) . In making th is assessment he w i l l be guided by information 

about the proport ion of people of his state and stage who actua l ly make 

any decision (e .g. the proport ion of 2 'A' level people accepted for 

un ivers i ty degrees, the proport ion of 5 ' 0 ' level people accepted for 

HNC, e t c . ) since th i s w i l l define an average Q(n , i , k ) and also by 

information about the proport ion on any course who f a i l to complete that 

t ( n , i , j ,k b ( n , i , j ,k) (1+r a l l n , i , j , k 

mean leaving the educational system for employment. 

Any indiv idual can assess his own p robab i l i t i es ' Q(n , i , k ) and 
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course since th is w i l l define an average P (n , i , k ) . These averages 

are simply used to indicate what range of Q's and P's would be 

reasonable. However, an ind iv idua l ' s optimal path through the educa

t ional system w i l l be evaluated on the basis of his own subject ive 

p robab i l i t i e s . The ca lcu la t ion of a v e r a g e p robab i l i t i es is given 

in Table 2 in Appendix B. 

3.3.3 Recurrence re la t ionsh ip 

The aim of the indiv idual at any state and stage in the 

educational system is assumed to be to maximise his expected to ta l bene

f i t s from the educational process. I f f ( n , i , k ) is the maximum 

expected l i f e t ime income less incurred costs fo r an indiv idual at state 

( n , i ) under act ion k , and f ( n , i ) his best expected income less 

cost , over a l l k\ then by the p r inc ip le of op t ima l i t y we may wr i te 

f ( n , i , k ) = Z p ( n , i , j , k ) f ( t « * , j ) 
j 

where p ( n , i , j , k ) is the t r ans i t i on p robab i l i t y from ( n , i ) to 

(m . j ) under action k , calculated as previously described and the 

summation is over those j accessible from ( n , i ) under act ion k . 

These quant i t ies may now be expressed in terms of those 

previously given. At ( n , i ) the l i f e t i m e earnings are estimated as 

r ( n , i ) and the costs to date, i . e . the earnings foregone, are c ( n , i ) . 

Thus the advantage of a t ta in ing state ( n - l , j ) is f ( n - l , j ) - r ( n , i ) + 

c ( n , i ) discounted over the time taken to a t t a i n th is s ta te . Hence, 

f ( n , i ,k) = r ( n , i ) - c ( n , i ) + E p ( n , i , j , k ) b (n , i , j ,k) i f (n -1 , j ) - r ( n , i ) + c ( n , i ) 1 
j 1 ; 

and f ( n , i , l ) = r ( n , i ) - c ( n , i ) 
and f ( n , i ) = max f ( n , i , k ) 

a l l k 

The process terminates in market states from which there are no act ions, 

i . e . in absorbing s tates. For any such state i t fol lows automatical ly that 

f ( n , i ) = r ( n , i ) - c ( n , i ) 
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From ( 1 ) , ( 2 ) , ( 3 ) , (4) the values of f ( n , i ) fo r a l l nodes may be 

calculated terminating in the value of f ( 6 , l ) which is the best 

expected l i f e t ime income less cost for a school leaver based on taking 

what is the best route fo r him through the educational system. The 

recurrence re la t ionsh ip begins with 

f (0 ,1 ) = r ( 0 , l ) - c ( 0 , l ) 

f ( 0 ,2 ) = r (0 ,2 ) - c(0,2) 

the assigned l i f e t ime earnings less costs for a successful and a dropout 

respect ively. Then 

f ( l , 6 ) = f ( l , 6 , l ) = f ( 0 , l ) 

and f ( l , 7 ) = f ( l , 7 , l ) = f ( 0 ,2 ) 

since there is only one k = 1 from each of these states. 

Further, since (1,5) is a market state 

f ( l , 5 ) = r ( l , 5 ) - c ( l , 5 ) 

and f ( 2 , 6 , l ) = f ( l , 5 ) is the return under act ion k = 1 

while f (2 ,6 ,2 ) = r (2 ,6 ) - c(2,6) +b(2 ,6 ,7 ,2 ) p(2,6,7,2) | f (1 ,7) - r (2,6)+c(2 ,6) 

+ b(2,6,6,2) p(2,6,6,2) | f ( l , 6 ) - r ( 2 , 6 , ) + c ( 2 , 6 ) | 

is the expected return under act ion k = 2 (= continue postgraduate studies) 

where p(2,6,7,2) i s the p robab i l i t y of dropping out of the postgraduate 

course, p(2,6,6,2) is the p robab i l i t y of successful completion of the 

postgraduate course, b(2,6,7,2) and b(2,6,6,2) are the discount 

factors corresponding to states (1,7) and (1,6) respect ive ly , f (1 ,7 ) 

and f (1 ,6 ) are the best expected benef i ts less costs fo r a dropout and 

successful postgraduate respect ive ly . In terms of Q and P defined 

ea r l i e r 

p(2,6,7,2) = P(2,6,2) Q(2,6,2) 

and p(2,6,6,2) = ( l - P(2,6,2) l Q(2,6,2) . 
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3.4 Numerical appl icat ion 

The general model described in the previous sect ion, w i l l be 

i l l u s t r a t e d by means of B r i t i s h data. The B r i t i s h system of post-

compulsory education is now changimg but the system described is that 

which obtained in 1972, since i t is for that period that s t a t i s t i c s 

were ava i lab le . 

3.4.1 Grouping the t rans i t ions 

There are 79 d i f f e ren t actions in to ta l and therefore 79 

d i f f e ren t t rans i t ions covering the en t i re system. Since the aim was to 

invest igate the e f fec t of changes in P and Q , t h i s number of 

t rans i t ions could not be treated and they have been grouped in to eight 

sets: 

Set A: I t covers t rans i t ions from school leavers to ' 0 ' level 

B: I t covers t rans i t ions from school leavers to ONC, C & G 

C: I t covers t rans i t ions from ' 0 ' level to 'A' level 

D: I t covers t rans i t ions from '0 ' level to OND, C & G, etc. 

E: I t covers t rans i t ions from 'A' level to Degree 

F: I t covers t rans i t ions from 'A' level to Teaching q u a l i f i c a t i o n 

G: I t covers t rans i t i ons from 'A' level to HND, CNNA degree 

H: I t covers t rans i t ions from Degree to Postgraduate studies 

The detai led l i s t wi th a l l possible t rans i t ions is given in Table 3, 

Appendix B. 

3.4.2 Upper-lower subject ive p robab i l i t i es 

The program was run to f i nd the optimal paths for 256 ind iv iduals 

whose Q's and P's were chosen to be in some sense representat ive of 

the populat ion; representative in the sense that t he i r average overal l 

is the population average. (A s imi la r idea was used in the paper by 

CAMAY et al. .1973 but they assumed that a l l Q were 1.0 and a l l P's 
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were uniformly d is t r ibu ted in the in terva l ( 0 , 1 ) ) . Here there are 

known the average p robab i l i t i es fo r the populat ion; i t is possible then 

to define a r b i t r a r i l y a lower and upper p robab i l i t y whose mean is the 

average and which l i e en t i r e l y w i th in the range (0,1) . The subject ive 

p robab i l i t i es used are defined as: 

Qu = An ind iv idua l ' s acceptance p robab i l i t y , for given n , i , k , 
when he ant ic ipates that his own acceptance p robab i l i t y is 
higher than the corresponding average one Q 

Q£ = An ind i v idua l ' s acceptance p robab i l i t y , fo r given n,i, .k, 
when he ant ic ipates that his own acceptance p robab i l i t y is 
lower than the corresponding average Q 

Pu = An ind i v idua l ' s "non successful" completion p robab i l i t y , 
for given n , i , k , when he ant ic ipates that his own "non 
successful" completion p robab i l i t y is higher than the 
average P 

P £ =• An ind i v idua l ' s "non successful" completion p robab i l i t y , 
for given n , i , k , when he ant ic ipates that his own 
"successful" completion p robab i l i t y is" lower than the 
average P. 

The values of Q , Q , P , P assigned are: 
Li 3v U XJ 

Qu - 0.'50 (1.0 + Q) i f Q > .5 

Qu = 0.75 Q i f Q < .5 

S imi la r ly for P^, P £ i . e . 

P u = 0.50 (1.0 + P) i f P > .5 

P u = 0.75 P i f P < .5 

Diagramatically the subject ive p robab i l i t i es are i l l u s t r a t e d 

as in Scheme 5. 

From the above equations Q £ , P £ are as fo l lows: 

Q£ = 0.50 (3Q - 1 . 0 ) i f Q > .5 

Q£ = 0.50 Q i f Q < .5 

and P£ = 0.50 (3P - 1.0) i f P > .5 

P £ = 0.50 P i f P < .5 
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Each Q u , of e i ther _>.5 or <.5 in terva l can be 

combined with each P , P̂  of e i ther _>.5 or <.5 producing 16 

combinations. Combinations of Q P and P Q. type which indicate 
U U Jo X/ 

a b o v e " a v e r a g e "acceptance" - a b o v e a v e r a g e "not successful" 

completion and b e l o w average "acceptance" - b e l o w average 

"not successful" completion, are excluded from fur ther consideration 

as representing a rather unrea l i s t i c s i t u a t i o n . 

The fo l lowing four combinations: 

(a) Qu = 0.50(1.0 + Q) , Q>.5 (b) Qu = 0.50(1 .0 + Q), Q>. 5 

P̂  = 0.50(3P - 1.0), P>.5 P £ = 0.50P , P<.5 

(c) Qu = 0.75Q , Q<.5 (d) Qu = 0.75Q , Q>. 5 

P £ = 0. 50(3P - 1.0), P_>. 5 P £ = 0.50P , P<.5 

give a l l de f i n i t i ons of Q , P„ which describe an ind i v idua l ' s 
U A / 

personal assessment when he estimates his own "acceptance" p robab i l i t y 

is higher than the average one and his "non successful" completion 

p robab i l i t y is lower than the average one. These const i tu te an upper 

(or type 1) assignment. In the computer program the upper assignment 

is given by the UPPER subroutine. 

The remaining four combinations 

(e) Q ^ 0.50(30 - 1 - 0 ) , Q>.5 ( f ) Q£ = 0.50(3Q - 1 . 0 ) , Q> . 5 

Pu = 0.50(1.0 + P) , P>.5 R =:0.75P , P<-5 

(g) Q£ = 0.50Q , Q<.5 (h) Q£ = 0.50Q , Q<.5 

Pu = 0.50(1.0 + P) , P>.5 P -0.V5P , Q<.5 

are referred to as the lower (= type 2) assignment, where an indiv idual 

considers that he has an "acceptance" p robab i l i t y below the average and 

a "non successful" completion p robab i l i t y above the average. In the 

computer program the subroutine LOWER deals wi th th i s s i t ua t i on . By 

assigning the upper and Tower values and employing the recurrence re la t i on 
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of the previous section for a l l the values of stage n , state i , 
P 

action k , 2 = 256 d i f f e r e n t outputs are produced. Each of these 

outputs corresponds to one optimal path through the educational system 

for a student with a par t i cu la r combination of upper and lower assessments. 

For example: A student who assesses that his chances for the groups 

A (= taking ' 0 ' ) l e v e l ) , B (= taking ONC or C & G), D (= taking 

OND or HNC) are above average (= upper) and for the groups C (= taking 

'A' l e v e l ) , E (= taking a Degree), F (= taking Teaching course), 

G (= taking CNNA or HND), H (= taking postgraduate) his chances are 

below average (= l ower ) , the corresponding output w i l l be denoted by: 

A - t r ans i t i on type 1 B - " " 1 
C — " 11 2 
D - " " 1 
E - " " 2 
F - " 11 2 
G - " " 2 
H - " " 2 

3.4.3 Output of computer program 

A computer program wr i t ten in FORTRAN IV was developed and run 

for the purposes of our model ( for a l i s t i n g see Appendix C). I t s main 

functions are b r i e f l y described as fo l lows: 

(a) Given any state ( n , i ) , i t assigns to each act ion associated 

with that s ta te , a pair of subject ive p robab i l i t i es Q (= acceptance) 

and P (= non successful completion) through the UPPER and LOWER subroutines. 

(b) I t calculates the t r ans i t i on p robab i l i t i es P(2) and P(3) from 

a state ( n , i ) to a dropout and successful state respect ive ly . 

(c) I t calculates the value of every state ( n , i ) for each act ion k 

and i t selects the maximum value (= optimal va lue) . 

(d) I t determines that act ion which corresponds to the optimal value. 

When the above steps have been accomplished the procedure s ta r ts again 

examining the next stage. 



83 

THE OUTPUT: Any output s tar ts with the appropriate headings denoting 

the combinations of t rans i t ions we are dealing with and there fol lows the 

main body of the output consist ing of ten columns. 

Column N shows the stage var iab le , i . e . the number of the educational 

stages remaining to be considered. N = 0 means that the end of the 

process is reached. N = 1 means that one stage is l e f t , and so on. 

Column 1 is referred to the state var iable which indicates the outcome 

of any t rans i t i on as fa r as the educational qua l i f i ca t i ons are concerned. 

Column K shows the decisions (= act ions) made at a par t i cu la r s ta te . 

The decision to "Go to the Market" is denoted by k = 1 . A l l other 

decisions are denoted by k = 2, k = 3 , e tc . 

Column Q shows the "acceptance" p robab i l i t y under a pa r t i cu la r decis ion. 

Whenever k = 1 , Q(n , i , k ) = 1 since the t r ans i t i on from any state 

toward the market is ce r ta in . 

Column P indicates the "non successful" completion p robab i l i t y 

associated with some act ion k at state ( n , i ) . 

Columns P2 , P3 show the t r ans i t i on p robab i l i t i es of being in the 

dropout state and successful state respect ive ly . 

Column TRIVAL gives the value of the object ive funct ion (= t r i a l value) 

under act ion k when the system is in state ( n , i ) and an optimal 

path is followed for the remaining stages. 

Column OPT.VALUE gives the maximum value of a l l values in column TRIVAL 

Column BEST K gives the act ion corresponding to the optimal values. 

As an i l l u s t r a t i o n , a typ ica l part of output of the A = 1 , B = 2 , 

C = 1 , D = 1 , E = 2 , F = 2 , G = l , H = 1 t r ans i t i on is given 

in Table 1. The f i r s t f i ve l ines give f ( n , i , k ) fo r k = 1,2,3,4,5 . 

The s ix th l i ne gives the optimal value of state (6,1) . That is 

f ( 6 , l ) = max j l 4 .640 .00 ; 21 ,373.56; 17,775.97; 1 5,153.79; 14,898.25J-

= 21,373.56 , under k = JL . 

The complete output is given in Appendix C. 

http://jl4.640.00


TABLE 1 

A sample output of the 
A = 1 , B = 2 ) C = 1 , D = 1 , E = 2 , F = 2 , G = 1 ,H 

t rans i t ions 

N ] [ K Q P P 2 P 3 TRIVAL 

6 1 1 1 0000 14,640.00 

6 n 2 0 8046 0 1933 0 1556 0 6491 21 ,373.56 

6 1 3 0 1550 0 7867 0 1219 0 0331 17,775.97 

6 1 4 0 0217 0 3213 0 0070 0 0147 15,153.79 

6 1 5 0 0232 0. 2000 0 0046 0 0186 14,898.25 

OPT.VALUE BEST K 

21 ,373.56 
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3.4.4 How the optimal path is obtained 

By entering the output at the f i na l s ta te , the optimal act ion 

corresponding to the optimal value is determined, i . e . in the output shown 

in Appendix C act ion k = 2 is the optimal one since i t corresponds to the 

optimal value f ( 6 , l ) = 21,373.56 . From the decision network (shown 

in Appendix A) the successor s ta tes , under the above optimal ac t ion , are 

found, i . e . (5,1) or (5,2) . The optimal actions corresponding to 

these states can now be determined by re-enter ing the output at the 

respective en t r i es , i . e . the optimal act ion for state (5.1) is k = 5 

and for (5.2) is k = 2 . The above procedure is repeated un t i l a 

market state is reached. The sequence of a l l optimal actions found 

const i tutes an optimal path. The optimal path fo r the t r ans i t i on in 

question is shown in scheme 6. 

3.5 Summary and analysis of the resul ts 

The program produced 256 outputs. An analysis of these outputs 

indicated that the various combinations of the t rans i t i ons could be 

grouped in to 23 sets according to the f i n a l optimal values. Table 2 

shows the optimal value of the f i n a l state (6,1) , the condit ions under 

which i t occurs, the optimal act ion and the number of combinations 

sharing the same optimal value. 

The optimal path corresponding to set 1 ( i . e . combinations of 

type B - 1 , A.C.D.E^F^H ) i s s h Q w n i n s c n e m e 7 > I t i s a l s Q c ] e a r 

- 1 or 2 

from Table 2 that the B = 1 t r ans i t i on ( i . e . school leavers to C & G) 

is a very important one; a l l ind iv iduals who have greater than average 

a b i l i t y in the t r ans i t i on from school to technical t ra in ing have an 

optimal to ta l return of 24,428.89 whatever t he i r capab i l i t i es elsewhere. 
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Those with lower than average p robab i l i t y ( i . e . B=2) at the same t r ans i t i on 

may have any one of the remaining to ta l returns (from 22,826.12 to 

17,775.97) depending upon the values of A,C,D,E,F,G,H t r ans i t i ons . 

The optimal path confirms the importance of B t rans i t ions ind ica t ing 

that the best act ion is k = 3 ( i . e . take C & G), followed by taking 

a j ob , as a technic ian, whether the course has been completed in two 

or in three years. 

A fu r ther analysis of Table 2 reveals that when a student 

considers himself as belonging to the A = 1 , B = 2 t r a n s i t i o n s , i . e . 

above average fo r ' 0 ' level,below average for technical t ra in ing (sets 

2-19), then his best choice would be to take ' 0 ' level (k = 2) . From 

th is point onwards his next choice would depend upon his fu ture assess

ments with varying optimal values and optimal paths associated with them. 

For example consider 

Set 3: I \ , D - 1 , E = 1 , F = 1 , G = 1 , H - 1 , • -S • and 
= 1 or 2 

Set 4: g I J , D = 1 , E = 1 , F = 1 , G = 2, H = 1 , £ 

= 1 or 2 

d i f f e r i n g on the G t r ans i t i on only , wi th f ( 6 , l ) = 22,758.9 and 

f ( 6 , l ) = 22.713.43 respect ive ly . The s e n s i t i v i t y of the optimal value, 

depending on G t r a n s i t i o n s , is bet ter i l l u s t r a t e d on schemes 6 and 8 

showing the optimal paths corresponding to sets 3 and 4 respect ive ly ; 

that i s , the d i f ference in a b i l i t y in G t r ans i t i on resul ts in a deviat ion 

in the optimal act ion at state (4,3) g i v ing : optimal act ion k = 4 

(= continue to Art and Design course), when G = 1 (set 3) and optimal 

act ion k = 3 (= continue to teaching t ra in ing course), when G = 2 

(set 4 ) . 

A s imi la r comparison among 

Set 20: = \ , D = 1 , E = 1 , F - 1 , H 

Set 21: g I ^ , D = 1 , E = 1 , F = 2, G 

1 , u ^ L , 
= 1 *or 2 

1 , H = 1 , C 
1 or 2 
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Set 22: 5"^,D = 1 ,E = 1 , F = 2 , G = 2 , H = 1 , 1 £ 1 

D - L 1 1 

= I or 2 

indicate that when a student assesses his own a b i l i t i e s in both 

t rans i t ions A and B as below average (A = 2, B = 2) then his 

best choice at the f i na l state (6,1) is to take ' 0 ' levels (k = 2) , 

as in the t rans i t i ons discussed above. . A comparison of sets 21 and 

22 shows once more that t r ans i t i on G is the important one, generating 

d i f ference in the optimal values and in the associated optimal paths 

(schemes 6 and 8 ) . * On the other hand, a comparison between sets 20 

and 21 or 22 reveals that the d i f ference in the optimal values and 

optimal paths is a t t r i bu ted not to a s ingle t r ans i t i on but to both 

t rans i t ions F and G . 

F i na l l y , set 23 consists of two d i s t i n c t t r a n s i t i o n s , e i ther 

a = I , not D = E = H = 1 , 
= 1 or 2 

i . e . a student "poor" at the early stages and not s u f f i c i e n t l y good in 

the intermediate ones, or 
A = l n - 9 r - 9 ,C,F,G,H, 
B = 2 ' u ~ ^ > ~ T ^ ~ ~ 7 

= 1 or 2 

i . e . students good in taking ' 0 ' levels but below average in D and E 

t rans i t i ons . These two t rans i t ions of set 23 share a common optimal 

path (scheme 7) . The same optimal path G applies to set 1 (B = 1 ) , 

although there is a considerable d i f ference in the optimal values: 

Set 23: f ( 6 ,1 ) - 17,775.97 

Set 1: f ( 6 ,1 ) - 24,428.89 . 

3.5.1 Second best 

In a fu r ther analysis of the resul ts in te res t was focused on 

four par t i cu la r combinations of the type 
l*\ A = 1

 tC,D,E,F,G,H, , M A = 2 ,C,D,E,F,G,H, 
(a) B = i » — r r ~ ~ ^ B = 1 ' — — 
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(c) g I 2 . C=l, D=2, E=2, F=l , G=l, H=l (d) g j > . C » D » E . ; F ' G > H . 

(a) and (b) t rans i t ions represent the extreme combinations of set (1 ) . 

(c) and (d) the extremes of set 23. For each of them the non market 

second best value at state (6,1) was examined. Table 3 shows the 

second best values of the above combinations. 

In a l l these cases the second best value corresponds to an 

i n i t i a l decision k = 2 , i . e . take ' 0 ' l e v e l . The margin between best 

and second best in cases (a) and (c) is qui te smal l , and in case (b) 

k = 4 gives nearly the same resu l t as k = 2 . 

I t was shown in the previous section that combinations ( a ) , 

(b) , ( c ) , and (d) showed a common optimal path (scheme 7) . In the 

case of the second best values a common optimal path also ex i s t s , d i f f e r 

ent from the previous one (scheme 8 ) . I t is because (b) and (d) share 

the same second best path, not including a B- t rans i t i on , that the i r 

second best value is the same since a l l t he i r other t rans i t ions are of 

the same type. This path is more complicated than the previous one, 

including ' 0 ' level course rather than C & G and subsequent various 

possibi l i t ies up to the postgraduate l e v e l . However, the second best 

expected benefi ts are outweighed by the expected benef i ts of the technical 

routes. Therefore given the p r o b a b i l i t i e s , i t would be necessary to 

increase the state returns or decrease the costs time in order that 

routes which include ' 0 ' and 'A' level and Degree courses Could compete 

with the technical ones. For instance from Table 2 i t is clear that in 

order to change the route from k = 3 to k = 2 of a student belonging 

to the g " ] , t r ans i t i on a subsidy of 24,425.59 - 22,362.1 2 

= 1,566.47 would be needed, whereas in order to achieve the same change 

( i . e . from C & G to ' 0 ' leve l ) for a person belonging to ^ A M ^ M , 

a subsidy of 24,428.59 - 16,156.37 = 8,272.22 would be needed. 
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Scheme 6: Optimal path (shown by the red l ines) of the t rans i t i ons 

g=2> C=l, D- l , E=2, F=2, G=l, H=l 

?r], D=l, E=l, F=2, G=l, H-l , • £ — ' (set 3) 
= 1 or 2 

t l , D=l , E = l , F=2, G=l , H=l , £ (set 21 ) 
= 1 or 2 
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Scheme 7: Optimal path (shown by the red l ines) of the t r ans i t i ons : 

B=l, .A.C.D.EJ.G.H, 
- 1 or 2 

(set 1 

g j , not D = E = F - H = 1 , <— 
= 1 or 

or (set 23) 

A=l 
B=2: D=2 , E=2 

C,F,G,H 
^ > 1 

= 1 or 2 
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Scheme 8: Optimal path (shown by the red l i n e s ) of the t r a n s i t i o n s : 

D=l, E=l , F=2, G=2, H=l, • — S — • (set 4) 
8 = 2 1 or 2 

J !? , D=l, E=l , F=2, G=2, H=l, • — 1 (set 22) 
- 1 or 2 
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path for any indiv idual through the B r i t i s h educational system. This 

path is dependent on the i nd i v idua l ' s own estimate of his P's and Q's 

and also on the state of the market in salar ies payable fo r levels of 

educational attainment. Though the t rans i t ions here have been d ras t i c 

a l l y grouped, the model is of course appl icable without such grouping 

so that any desired level of de ta i l could be incorporated. Further 

any change in educational st ructure could be included by simply redrawing 

the network (thus the ra is ing of the school leaving age and the changes 

in Teacher t ra in ing have already made the network i l l u s t r a t e d out of 

date) . The model then gives for any indiv idual his own cost -benef i t 

assessment of non compulsory education. 

(b) As mentioned in section 3 .5 .2 , the complete set of resul ts for 

a number of ind iv iduals representative of the whole population can be 

used to aggregate demand and thus to estimate what educational f a c i l i t i e s 

are going to be needed. In th is sense the model gives a rea l i sa t i on of 

the Social demand approach. 

(c) The e f fec t of any change in re la t i ve salary st ructure could be 

found d i r e c t l y by rerunning the program and reassessing social demand. 

Hence i t would be possible to connect any desired pattern of social 

demand f u l f i l l i n g given manpower requirements with some range of salary 

s t ruc ture . 

(d) The model could thus be used as an aid to decision making on 

three leve ls : ( i ) by the i nd i v i dua l , ( i i ) by the provider of educational 

f a c i l i t i e s , ( i i i ) na t i ona l l y , in assessing the changes in salary 

st ructure required to produce desirable changes in the stock of 

qua l i f i ed manpower. 



APPENDIX A 

- Abbreviations 

- Decision network 



ABBREVIATIONS 

L = School leavers 

'0 ' = ' 0 ' levels at school 

'A' = 'A' levels at school 

'O'-FT = Ful l time '0 ' levels in Further Education 

'O'-PT = Part time ' 0 ' levels in Further Education 

'A'-FT = Full time 'A' levels in Further Education 

'A'-PT = Part time 'A' levels in Further Education 

NAD = Non advanced Courses in Further Education 

OND = Ordinary National Diploma 

ONC = Ordinary National Cer t i f i ca te 

C & G = Technical qua l i f i ca t i ons awarded by City and Guilds 

C & G I I = Two year Course of City and Guilds 

C & G I I I = Three year Course of City and Guilds 

A & D = Diploma in Art and Design 

T = Teaching Training 

Dgr = Universi ty Degree 

CNNA = CNNA Degree 

HND = Higher National Diploma 

HNC = Higher National Cer t i f i ca te 

PG = Postgraduate studies 

M = Market 

D/0 = Dropout 

Success = Successful Completion 

M-success . . . = In Market a f te r successful completion of . . . 
(e .g . M-success HND = In Market a f te r successful 
completion of HND.) 

M-D/0 . . . = In Market a f te r Dropout from . . . 
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APPENDIX B 

- Transi t ion Probab i l i t i es 

- Costs and Returns 

- Grouping of Transi t ions 



TABLE 1 

State Returns and Costs 

State State Returns State Costs 

Success PG 40 X 2,500 7,021 
D/0 PG 40 X 2,100 5,121 
Success A & D 4.0 X 1 ,200 2,044 
D/0 A & D 40 X 818 1 ,730 
Success T 40 X 1 ,500 3,221 
D/0 T 40 X 918 2,318 
Success Dgr 40 X 1 ,900 3,221 
D/0 Dgr 40 X 1 ,054 2,318 
Success CNNA 40 X 1 ,900 3,221 
D/0 CNNA 40 X 1 ,054 2,318 
Success HND 40 X 1,900 3,221 
D/0 HND 40 X 1 ,054 2,318 
Success HNC 40 X 1 ,590 415 
D/0 HNC 40 X 1 ,103 286 
> 2 'A' - FT 40 X 628 1 ,416 
< 1 'A' - FT - 40 X 628 1 ,416 
> 2 'A' - PT 40 X 628 649 
< 1 'A' - PT 40 X 628 649 
> 2 'A' 40 X 628 1 ,416 
< 1 'A' 40 X 628 1 ,416 
> 5 '0' - FT 40 X 525 732 
< 5 '0' - FT 40 X 366 732 
> 5 '0' - PT 40 X 525 523 
< 5 '0' - PT 40 X 366 523 
> 5 '0' 40 X 525 366 
< 5 '0' 40 X 366 366 
Success OND , 40 X 860 1 ,416 
D/0 OND 40 X 635 891 
Success ONC 40 X 860 157 
D/0 ONC 40 X 637 78 
C & G I I 40 X 1 ,000 523 
C & G I I I 40 X 1 ,000 236 
Success NAD 40 X 1 ,100 891 
D/0 NAD 40 X 717 628 
L 40 X 366 0 

(1) The returns and costs of the market s t a t e s are taken t o 
be the same as the returns and costs o f the states t o which 
they correspond (e.g. r e t u r n of success Dgr = r e t u r n o f 
M-success Dgr, and cost of success Dgr = cost of M-success Dgr). 
For a few states the costs ( i . e . foregone earnings i n g e t t i n g 
to t h a t s t a t e ) may not be uniquely determined since i t can be 
a r r i v e d a t i n d i f f e r e n t ways, e.n.£l 'A'-PT,£l 'A'. In t h i s case, to 
avoid i n t r o d u c i n g t r a n s i t i o n a l c o sts, the assigned cost has 
been taken as the average of costs i n c u r r e d by each ro u t e . 
(2) The f i g u r e s of s t a t e r e t u r n s and costs have been taken 
from SURVEY of EARNINGS of QUALIFIED MANPOWER IN 1966 (1971) 
and MORRIS (1973). For the D/0 states f o r which data were 
not a v a i l a b l e estimates have been made. 



TABLE 2 

Average p r o b a b l i t i e s of acceptance and of non successful completion 

From/, To 
Acceptance Probab. 

Q (*) 
Non successful completion probab. 

P (*) 

Success Dgr M-success Dgr 0 6000 -

Success Dgr PG 0 4000 0.3500 
> 2 'A' -FT M-> 2 'A' - FT 0 1250 -
> 2 'A' - FT CNNA 0 2500 0.2727 
12 'A' - FT Dgr 0 6250 0.1379 
1 1 'A' -FT M-< 1 'A' - FT 0 8750 -
1 1 'A' -FT HND 0 1250 0.2500 
12 'A' -PT M-> 2 'A' - PT 0 3333 -
> 2 'A' - PT CNNA 0 3333 0.2727 
12 'A' -PT Dgr 0 3333 0.1379 
£ 1 'A' -PT M-< 1 'A' - PT 0 9772 -
< 1 'A' - PT HND 0 0227 0.2500 
Success OND M-success OND 0 6666 -
Success OND HND 0 3333 0.2500 
Success ONC M-success ONC 0 0909 -
Success ONC HNC 0 9090 0.3000 
> 2 'A' M-> 2 'A' 0 2317 -
> 2 'A' A & D 0 0975 0.2307 
> 2 'A' T 0 1219 0.0500 
> 2 'A' Dgr 0 4512 0.1379 
> 2 'A' CNNA 0 0731 0.2727 
> 2 'A' HND 0. 0243 0.2500 
< 1 'A' M-< 1 'A' 0 5641 -
< 1 'A' HND 0. 0256 0.2500 
< 1 'A' T 0. 1794 0.0500 
< 1 'A' A & D 0. 1282 0.2307 
1 1 'A' 'A' - FT 0. 0256 0.6666 
< 1 'A' 'A' - PT 0. 0769 0.9361 
> 5 '0' -FT M- > 5 '01 - FT 0. 2083 -
> 5 '0' -FT OND 0. 3750 0.4545 
> 5 '0' -FT 'A' - PT 0. 1250 0.9361 
> 5 '0' - FT 'A' - FT 0. 2916 0.6666 

(cont.) 



TABLE 2 
(cont.) 

From To Acceptance Probab. 
Q<*> 

Non successful completion probab. 
P (*) 

< 5 '0' - FT M-< 5 '0' - FT 0,5000 -

< 5 '0' - FT C & G 0.5000 0.5734 
> 5 '0' - PT M_> 5 '0' - PT 0.3333 -
> 5 '0' - PT 'A' - PT 0.2777 0.9361 
> 5 '0' - PT 'A' - FT 0.1111 0.6666 
5 '0' - PT C & G 0.2777 0.5734 

_< 5 '0' - PT M-< 5 '0' - PT 0.3125 -
< 5 '0' - PT C & G 0.6875 0.5734 
5 '0' M-< 5 '0' 0.0746 -

<̂  5 '0' 'A' 0.0207 0.3223 
<^ 5 '0' C & G 0.1244 ~s 0.5734 
j< 5 *0' '0' - FT 0.1244 0.2000 
_< 5 '0' '0' - PT 0.4688 0.4000 
<_ 5 '0' NAD 0.1327 0.2500 
<̂  5 '0' 'A' - FT 0.0125 0.6666 
<_ 5 '0' 'A' - PT 0.0414 0.9361 
> 5 '0' M-> 5 '0' 0.0460 -
> 5 '0' 'A' 0.7631 0.3223 
> 5 '0' T 0.0197 0.0500 
5 '0' 'A' - FT 0.0328 0.6666 

> 5 '0' 'A' - PT 0.0723 0.9361 
> 5 '0' OND 0.0131 0.4545 
> 5 '0' NAD 0.0526 0.2500 
L M-L 0.0217 -
L '0' 0.6093 0.3867 
L C & G 0.3100 0.5734 
L ONC 0.0434 0.2142 
L '0' - PT 0.0155 0.4000 

( * ) 
SOURCE: EDUCATIONAL STATISTICS (1972) 



TABLE 3 

Grouping of the s t a t e t r a n s i t i o n s 

State t r a n s i t i o n s 

Group From To 

A '0' 
'0' - PT 

B L 
L 

ONC 
C & G 

< 5 '0' 'A' 
< 5 '0' 'A' - FT 
< 5 '0' 'A' - PT 
> 5 '0' 'A' 

C > 
> 

5 
5 

'0' 
'0' 

'A' 
'A' 

- FT 
- PT 

> 5 '0' - FT 'A' - FT 
> 5 '0' - FT 'A' - PT 
> 5 '0' - PT 'A' - FT 
> 5 '0' - PT 'A' - PT 
ONC HNC 
< 5 '0' C & G 
< 5 '0' '0' - FT 
< 5 '0' '0' - PT 
< 5 '0' NAD 

D > 5 '0' OND 
> 5 '0' NAD 
> 5 '0' - FT OND 
> 5 '0' - PT C & G 
< 5 '0' - PT C & G 
< 5 '0' - FT C & G 
> 2 'A' Dgr 

E > 2 'A' - FT Dgr 
> 2 'A' - PT Dgr 
> 2 'A' T 

F < 1 'A' T 
< 5 '0' T 
> 2 'A' HND 
< 1 'A' HND 
< 1 'A' - FT HND 
< 1 'A' - PT HND 
OND HND 

G > 
> 
2 
2 

'A' 
'A' - FT 

CNNA 
CNNA 

> 2 'A' - PT CNNA 
<_ 1 'A' 'A' - FT 
< 1 'A' 'A' - PT 
> 2 'A' A & D 
< 1 «A' A & D 

H Dgr PG 
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- Computer Program 
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