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ABSTRACT 

Standard one enrolment present a recurr~ng proolem 

to both the parents and the authorities in the urban 

centres in Kenya . The study detailed in this report 

sought to represent the standard one enrolment in 

akuru .! icipality as a arkov~an Model and to use 

the ·odel to predict the demand for standard one for 

the future . 

Data on standard one enrolment from 1969 to 1988 

and the demand for standard one places for 198Y were 

collected from the ;unicipal council records . 

Part of the data collected was used to build a 

.odel of the system and part was used to validate the 

said Model . The model was then used with the 1Y89 

demand to predict the demand for 1990 , 1Y91 and 

1992 . Similar analysis was performed for the boys 

only , the girls only and both boys and girls data 

combined . 

The results of the study indicate that the 

demand for standard one will be greatest in the 

central zone , followed b the western and the eastern 

zones respectively . The boys demand for standard 

one places on the other hand will be greatest in the 

eastern zone followed by the central and then the 

western zones . The girls demand for standard one 

places will be greatest in the western zone followed 



o; t e central zone ana the e stern zone respectively . 

·.it s ch res lts, it is recommended in this 

report for the Municipal counc~l to concentrate their 

resources like administrative effort , time , money and 

personnel in the central zone , for adminlstering in 

the area Nhere demand will be greatest . It would 

also oe appropriate to use the results given above 

as a resource allocation measure , so that resources 

are distributed equitably among the zones . Finally , 

the odel may be used to allocate most of the girls ' 

exclusive facilities (like girls onl schools) to 

the West and most of those exclusive to the boys 

(like boys only schools) to the East . 



SECTIO 

I TRODUCTIO. 

1 . 1 BACKGRO . ·o 

From as earl as 1965 , Kenya had recognised certain 

constraints 1hich educational planners had to face , vis ; 

population growth , economic pressures , political pressures , 

teacher supply , manpower demand and need to maintain 

' quality . · Ho4ever , a quarter of a century has not been 

enough to meet most of these hurdles and planning for 

educational activity is becoming more complex , intricative 

and involving with the passage of time . In present day 

Kenya , the complexity in planning has resulted from such 

factors as ; economic planning restructuring , that is , 

from the centralized form of planning at the central 

Government level to the decentralised form at the dist-

rict level (The District Focus) , population increase , 

rural- urban migration , restructuring of the education 

system from the "7- 4- 2- 3" to the " 8- 4- 4" system of 

education and other development related factors . 

usually , the major manifestations of rapid change , and 

all the problems that change brings are found in the 

2 urban centres . The degree of urban complexity tends 

to be a function of size and scale of operations . As 

the populatio. increases in size , t e larger the scale 

of moder n sector activities , the more complex the 

urban society becomes and the more difficult it becomes 

for the Government to plan and respond to the problems 

created by changes . 
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In the developing countries, education and economics 

are closel interdependent for it 1s necessary to ensure 

that there are enough persons wit all the skills needed 

for economic growth, and also enough jobs to take adva-

ntage of their skills - a balancing act that requires 

continuous adjustment and hence continuous planning . For 

appropriate manpower planning , therefore , education is 

necessar and is a basic foundation for national develop

ment. rimary schoo~ ed cation , particularly, is iltportant 

as this is the "mouldable" age , the kind of education 

exposure received determine to a great extent the 

direction of the future personal development opportunities . 

A common feature of most developing countries like Kenya 

is a "pyramidical" population structure, that is a 

population where the majority are young people (school 

age) , this i plies that by virtue of their number the 

youth deserve a lot of the country's resources . These 

resources must , therefore , be planned for adequately . 

It is in this light that education constitutes one of the 

most importan national development priorities and 

consumes a large proportion (38 ) of the Kenya National 

budget . 

The importance vested on primary education is not 

a new phenomenon . For , as early as 1969 , Municipal and 

County Councils were already vested with the responsi-

bility of financing and developing of primary education . 

It is not until the Local Government (Transfer of 

Functions) Act , enacted in 1969 , that the overall 

responsibility for primary education in rural areas 
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transferred to the Central Government . 3 In urban areas , 

·unicipalities have retained responsibility for financ

ing and operating primary schools and this has resulted 

into greater stan adization within the town and better 

(smaller) planning units . 

-~ o tstanding feature of most developing countries 

like Kenya is a population growth rate (3 . 64%) 4 above 

the annual economic development rate (3 . 5 ) 5 This means 

that 1r1hercas there is growth in the economy , the popu-

lation rate of increase outstrips this growth , thus 

there is a general rate of decl_ine within the general 

economy . 

This feature signifies a major problem to planners 

as resources eep diminishing in the face of a largely 

young populace . With an estimated annual ne t growth 

rate (1980- 1990) of 3 . 54% and an estimated population 

of 24 . 9 million for 1990 , 6 there is a greater need for 

planning than ever before. The pressure of this popu-

lation on resources is felt most in ~he provision of 

basic needs like food , shelter , nealth services and 

education . 

The Rural - Urban drift , a feature of countries 

like Kenya , occurs when people move from rural to 

the Urban areas in search of a better mean s of live-

lihood . This drift makes the population density 
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hig er in the rban areas tnan the rural ones and t e 

impact of sue a pop lation is th s higher in the urban 

areas than in the rural areas . With a higher population 

density than the ational average (this is diluted by 

r ral areas) , the urban areas also have a higher popu

latio ra e of growth far above the ational average . 

~vhereas the ·.yhole country is facing a projected rate 

of growth of 3 . 64% for the population , airobi and 

akuru botn face a population growth rate of 4 . 71% , 6 

about one and a third (1 1 13 ) times the national rate . 

The provision of school amenities is , thus , a major 

problem to urban authorities , and the planning for 

primary school enrolment alone is a very difficult and 

complex process . With a projected population of 952 ,0CO 

people by the year 2000 , the primary school age child

ren (5- 14 years) shall constitute 291 , 023 or 31% in 

akuru district alone ! 7 In Nairobi for instance , 

parents miss schools for their children because the 

schools are not enough . Indeed , cases abound where 

parents stay in the cold as they queue for their child

ren to enrol in standard one at the beginning of e ach 

year (notwithstanding the fact the "place " was reserved 

three years earlier) and akuru has not been spared 

this pain ! As a control measure , the akuru Municipal 

insists that children must attend p r e - unit (preprimary) 

centres for about three years until they attain the 

~ age of 6 years before they can enrol in standar d 

one . A child whose age is five year s and nine months 
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wou d not enrol and even where a cnild has attained b 

years, their older counterparts ·;ould be given priority . 

Such problems as above are brought about by inade

quate planning as well as slow growth in the provision 

of the amenities in the face of an escalating population . 

To arrest such a situation , more aggressive planning is 

necessar especially in the urban areas of developing 

countries like Kenya . Intensive research is necessary 

if developing countries are to have a chance of making 

sufficiently rapid progress in resolving their problems . 

The painful alternative is to have their education too 

much patterned on the advanced countries , unsuited to 

their own needs , and far beyond their financial resources . 

1. 2 BACKGROUND OF NAKURU MUNICIPALITY 

The origin of Nakuru town , just like many other t~ 

in Kenya , is closely linked with the development of the 

Kenya- Uganda Railway . In 1900 when the first shop opened 

its doors, apart from the indegenous people , Nakuru 

residents consisted mainly of railway employees . The tomn 

grew so fast that on January 28 , 1904, the then British 

commissioner in Kenya declared Nakuru.a township in the 

Official Gazette . The town was then within only a mile ' s 

radius of the entrance of Nakuru Railway station . In 

1905 , akuru township was just a collection of the 

railway station , a few houses for the railway staff 

and tvlO shops . The follov1ing year the first hotel 

'akuru Hotel (now , Midlands) opened it ' s doOrs , follc:Med by 
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t.lJe ,ational Bank of India ( nte Ke.'1ya Ccmrercial Ba"lk today) . 

t:otm 1 s status was bolstered when in 1912 , follOiling the 

cx:rtpletion of the rail.-1ay survey of the line fran akuru to 

Eldoret, i was decided that it should be the main junction for 

the line running to l<is as well as Eldoret. '!his new develop-

trent nea:ssitated the boundaries of the taNn to be expanded in 

1913. In 1929 , the ta .. m had .be<::c:m: so inportant that a Muni

Cl.pal Board ·was fonred thereby giving it Municipality status . 

Although the depression of 1930s and later the Secx:::nd World. 

War affected the to..m by red cing its rate of developrrent , 

progress res\JI"!ed after these which enabled the Governor of 

Kenya to proclaim the elavation of the Municipal Board to the 

status of a Municipal Council in 1952 . 

al<uru Mu.rricipali ty consist of the toNn center and its 

suburbs (see Map) , and , it is run by the akuru Municipal 

Council although the town also houses the headquarters of 

Nakuru County Council as well as the ProVincial Ccmnissioner1
S 

and Dl.strict Conmissioner1 s he~rs. '!he town is situated 

on the bed of the geographical wonder , the Great Rift Valley. 

It is the fourtlJ largest toNn in Kenya and is surrounded by 

the Lion Hills 1 Lake akuru, the extinct volcanic hill , Menengai 1 

and Honeyrroon Hill to the So ~rn part . With an area of sare 

78 square kilacetres 1 the t:o#n lies 36 degrees East and o. 4 degrees 

South of the Bquator. akuru is sorre 9 7 miles from Kenya 1 s 

capital city , airobi and 451 miles from the port to,.m of 

M:mbasa 1 at an attitude of 6 ,070 feet above sea level. 
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. ak ru is known as the capital of the country's rich 

agricult ral highlands wile administratively , it is the 

headq arters of the Rift alley Province . His Excellency 

President Daniel Arap oi ' s Permanent home is barely 2~ 

kilometres from the town at Kabarak , and his frequent 

presence at the akuru State House has enhanced the 

town ' s political status . 

With a population of some 200 , 000 people , NaKuru ' s 

appeal to people emanates from its healthy climate , which 

is usually temperate to warm , varying with seasonal rains 

between March and May while dry weather prevails during 

Mid- ovember to the end of February . It receives an 

average annual rainfall of 103 . 8 mm . akuru is famous 

world1ide for its over 400 species of birds found at 

the Lake ak uru a tional Park . 

The smooth running of akuru Municipal council is 

made possible by a number of standing and special com-

mittees . Viz :-

li) Finance and General Purposes Committee . 

T is has the superitendence , management and control of 

the Town Clerk ' s and the Municipal Treasurer ' s Depart-

ments . The committee also ; procures and examines esti -

mates of expenditure , from the several other committees 

and prepares the general estimates of receipts and expe-

nditure ; considers and reports to the council upon the 

financial effect of any scheme or work proposed to be 

carried out by the council ; directs and s uperitends the 

keeping of accounts of all the departments of the council, 

examines and passes accounts for the salaries and wages 
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of t. e arious officers , clerks and ·.·IOrkmen of the council , 

and,for the mone payable to contractors of the council ; 

negotiates a 1 loans of money which may be ordered by 

the council; deals with the powers and duties of the 

council in relation to matters of valuation of heredi

taments Nitnin the unicipality; hears and determines 

appl~cations to be excused payment of any rates and 

carries out the general instructions of the committee 

in relation to fulfilling all duties not delegated to 

any other committee of the council . 

(ii) Town Planning and Works Committee . 

This is involved with the implementation of both short 

and long term plan to accomodate the town ' s ever growing 

population . Tne Town planning department works very 

closely with ~,e Ministry concerned with urban develop

ment and housing ' s physical planning , vlhile the work ' s 

department looks after the water supply , roads , trees 

and gardens, sewers and sewage disposal , housing s~s , 

construction of schools , street lighting and council ' s 

workshop . 

(iii) Housing and social services Committee . 

Carries out the duties of providing houses for the council 

staff and the general public within the municipality and 

provides markets and trading centres in the Municipality . 

The committee , through the social services department 

looks after day nursery schools , destitutes , libraries 

and information services , cinema shows , the stadium , youth· 

club activities and adult literacy and evening oontinuation classes . 
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(iv) Public ealth and Education co mittee 

This as superintendence and control over the management of 

public healt. department wnile taking into consideration a 1 

questions affecting the health of the inhabitants of the 

.unicipality over which the co neil may have j risdiction . 

The Committee also looks after the ed cation vote , plans 

any development of education in the unicipality , and co

ordinates the work of schoo~ committees with that of their 

own local school committees . This Committee was split up 

into two separate committees , Education and PUblic Health, 

operating under two different Chairmen in 1~88 . 

Currently , akuru unicipality has about twenty seco

ndary schools lfour of them being council maintained), 

forty primary schools and fifty Nursery Schools . The number 

of pupils attending primary schools within the Municipality 

has risen from 17 , 050 in 1979 to 31,700 in 1989 , while the 

demand for standard one places rose from 3~70 to 3,550 in 

the same period . In 1980, the council was maintaining only 

about thirty primary schools , Which number has risen to 

thirty- eight . This rise has been necessitated by incre~e 

in student population . The nursery schools have also 

increased from thirty one to fifty (though the Municipa

lity only maintains six of these), thus increasing demand 

for standard one places . 

The education department is manned by about thirty 

staff members headed by the ~unicipal Education Officer 

(M . E . O) and his deputy . This task force is responsible 

to the committee for the administration of education 
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system within the unicipality . Due to the large 

number of schools involved , three educational zones 

were established in 1986 as follows : Central zone , 

with e even schools , t•estern Zone - twelve schools 

and astern zone - twelve schools . The zones are manned 

by Zonal Inspectors ; thus as well as facilitating 

administration , the establishment of the zones was 

meant to intensify easier schools ' inspection . In 

1987 an extra zone , the Southern Zone , was added and 

in 1988 three more schools v1ere started while some 

old ones were expanded to accommodate increased enrol

ment. The Zones were however reduced back to three 

in earl· 1989 , when one of the inspectors was promoted 

to the post of Assistant Municipal Education Officer . 

The map of Nakuru Municipality clearly shows the 

distrib tion of the schools within the zones . 

1 . 3 STATE 1E T OF THE PROBLE 1 

The provision of Educational amenities in Kenya do 

not match the needs particularly within the urban 

areas . This mismatch is due to the problems of 

high population growth and density in the urban areas . 

The rural - urban migration also makes the population 
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growth rate Nithin the urban areas high and in the 

face of limited resources, the local authorities 

cannot mate. the resources to the needs . This has 

bee. ~videnced in airobi and other towns in Kenya 

where parents miss primary school places . The 

major causes of the mismatch are the inability to 

rna e accurate projections of needs (brought about 

by the above factors) and lack of funds to meet the 

needs. 

There is a problem of lack of accurate projec

tions of school enrolment, particularly, in standard 

one in the urban areas . If accurate projections can 

be obtained, the resources can be mobilised to meet 

the needs from one year to the next . For instance, 

if standard one enrolment can be projected with 

some measure of accuracy , say , for the next five 

years then, funds can be sought to prepare for such 

now. To evolve an efficient system of education,the 

activities need to be co- ordinated , for which an 

abstract realization of real system may be necessary . 

An effective projection or forecasting model is 

necessary to enable adequate planning and co

ordination. The forecasting of primary school 

enrolment , particularly , in standard one would go 

along way towards helping to match the resources 

to the anticipated needs. 
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T e rpose of this st dy is to use a stochastic model 

to forecast standard one enrolment 1n any year . The stocha

stic model is appropriate because the situation unaer study 

is d narnic . For instance the standard 1 enrolment in one 

year may stay constant for a certain period, fall below 

the previo s period or rise above it. A stochastic model 

will accornodate all these possibilities . 

1 . 4 OBJECT! E OF THE STUDY 

The objective of this study is to apply a stochastic 

model , specifically the Markov chain process in the pre

dictio . of standard one enrolment in the different zones 

in ~ ak ru unicipality for any given year . 

1 . 5 IMPORTA.CE OF THE STUDY 

1 . (a) The study will be of importance to educational 

planners in urban planning of education and for 

projecting enrolment. This will help them 

prepare for such by recruiting enough staff , building 

enough classrooms , acquiring equipment and other nece 

ssary facilities . 

(b) Educationists could also use the study to analyse the 

educational characteristics like dropout and staying ratio 

of boys and girls , in different classes and in the diffe

rent regions of the country. 

2 . The study may also be used to evaluate the new system 

of education against the old system with respect to the 

enrolment proportions of boys and girls . 



3 . Finally, it is intended to stimu ate interest and 

research in stochastic model app ications , in areas other 

than ed cation like health planning , agriculture , and 

man •facturing in both business and non- business organi

zations . 



SECTIO 

THEORET! LITERATURE REVIE 

Research in education is needed to answer such central 

problems as; what kind of formal and informal education 

should be eveloped in a country that cannot afford full 

primary and secondary education for all children? Will 

education differ not in degree , but in concept , from that 

of an advanced country? How can it be p~anned so as to 

contribute to social and economic development? How can 

it be afforded? What forms of education are suitable for 

a predominantly agricultural country? Are there approp-

riate models in advanced countries which can be studied? 

For this reason , therefore , several varieties of quanti-

tati ve models for educational analyses have been develored. 

ost of them focus on the flows of students through a 

B system as Steel ( 19 79) found out in his analysis . '!'his 

interest i · the flows of students may be from the broad 

perspective of a national planner evaluating the long 

term implications of present educational policies in terms 

of future availabilities of trained adults , or from the 

narrow perspective of a departmental chairman deciding 

on classroom assignments for the next semester . 

As the only policy- making body with powers for 

co- ordinating overall educational programs in Kenya , the 

inistry of Education has not laid emphasis on models which 

link the total educational system to forecast of future 

requirements . This is not only true of Kenya , but Steel 

(1Y79J found out that even in Britain the primary tocus 
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as been on tne snorter term problems of local educational 

instit tions like universities an other educational insti

tutions. In Europe for instance, only a few countries like 

Sweden and the u . s . S . R have used intensive research in 

formulating their educational policies . In most,education 

has changed more slowly in response to varied pressures , 

'vli th little research to influence policy . Such a situation 

is not acc1dental , the reason being that when looked at 

in totalit , the educational systems are generally very 

wide and planners tend to lose sight of the objectives . 

10st effective quantitative models for such analysis 

would, therefore , be those w ich focus on the flows of 

students through a system; particularly the stochastic 

models . Stocnastic models in particular are suitable 

because of their inherent ability to encompass the 

variability and dynamism underlying "real life" systems 

behaviour . 

In Kenya , Stochastic model applications have not been 

widely researched on . A study by OWino J . (198l) used 

Stochastic ( arKovian) model for ed cational planning 

which is not easy to apply in reality as the study 

covered the whole country of Kenya which in itself is 

so varied . The results of the study , the forecasted 

enrolment for 19~3 and the number of new classrooms fore

casted for each class are total figures for the whole 

eountry . In planning , one need to decide in advance 

what to do , when to do it and how to do it . The Know

ledge of such "block" figures would just highlight on 
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has been on the s orter term problems of local educational 

inst~tutions like universities an other educational insti 

tutions . In Europe for instance, only a few countries like 

Sweden and the u. s . s . R have used intens~ve research in 

fo ulating their educational policies . In most,education 

has changed more slowly in response to varied pressures , 

with little research to influence policy . Such a situation 
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in totality, the educational systems are generally very 

wide and planners tend to lose sight of the objectives . 

Most effective quantitative models for such analysis 

would , therefore , be those which focus on the flows of 

students through a system; particularly the stochastic 

models . Stocnastic models in particular are suitable 

because of t_ e~r inherent ability to encompass the 

variability and dynamism underlying "real life " systems 

behaviour . 

In Kenya , Stochastic model applications have not been 

widely researched on . A study by Owino J . (1982) used 

Stochastic (Markovian) model for educational planning 

which is not easy to apply in reality as the study 

covered the whole country of Kenya which in itself is 

so varied . The results of the study , the forecasted 

enrolment for 19tl3 and the number of new classrooms fore 

casted for each class are total figures for the whole 

country . In planning , one need to decide in advance 

what to do , when to do it and how to do it . The know

ledge of such "block " figures would just highlight on 
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hat s.o 1 be done and wen it sho d be done but not how , 

thus may not be of m ch help for p anning purposes . If 

these totals are broken down for tne different regions , 

then distribution of the necessary resources can be done 

accor ing to the peculiar needs of each region . Fbr instance , 

the forecasts may be broken down to the smallest planning 

unit possible , say the locational or sub- locational level . 

The planning for standard one enrolment may be more urgent 

in the urban areas than in the rural ones and such factors 

need to be taken into consideration when aggregating . 

Anklesaria (1986) 9 developed a stochastic model for 

analysing time- series nominal data . This general purpose 

model explicitly considers the observed time- relationship 

as well as how previous behavior appears to affect later 

behavior , and presented this information as ~ finite state 

arkov chain . Markov analysis is used to predict a system' s 

behavior over time and the models have been used extensi -

vely to analyse system behavior , see Ashby (1956) , 

Bartholomew (1967) , Hillier and Lieberman (1967) . Most of 

these models , however , are special purpose , they do not 

take time relationships into explicit consideration and , 

or ignore the effect of previous behavior or system ' s 

memory . The study overcame these deficiencies and also 

allows the aggregation and testing of several processes 

with one another thereby allowing the determination of 

similarities and differences . 

Gani (1963) proposed one of the early Markovian 

models for educational planni ng in Australian universities 

when he used the model to forecast enrolment and degree 
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awar s . Later on, Thonstad l 969) made an extensive use 

of stochastic models 1n his educational planning mannual . 

'earer horne, Uche ( 1978) applied arkovian models to 

igerian education system . One common feature in these 

studies is that the system under study is formulated as 

a arko ian process and the Markovian model then used 

to forecast or predict the future state of the system. 

Stochastic models have also been used to study consl..lfler 

benavior . Kuahn and Day (19b4) 
10 applied stochastic l'bdels to 

study consurrer behaviour oy enphasising on the principle IT~a.rketing 

variables (the four p' s o product, price, place and ):)rOI'TOtion) 

rather than on sales forecasting . They used the idea 

that purchase probabilities for an individual consumer 

can be expected to change over time , thus , the dynamic 

feature necessary under stochastic process . They also 

emphasised the fact that a dynamic model of consumer 

~rand choice behavior m st provide a method of revising 

the individuars set of purchase probabilities to show 

changes induced by the passage of time, new purchase 

experiences , and exposures to mecnandising influences . 

Their findings were that although they had gained 

considerable attention and were conceptually appealing, 

simple Markov chain models were of limited value as the 

basis of a brand choice model . Acting on this strong 

evidence "introduced" which suggests that brand choice 

behavior is substantially stochastic , Bass (1974) pre-

sented a general theory of stochastic preference and 

tested it ten years later . He used the theory of 

stochastic preference under dynamic conditions to show 



from t e e pirical evidence from empirical studies of 

individual consumer choice that t is behavior is sUb-

stantially stochastic . T.is suggests stochastic model-

ing 1n consumer be avior where the deterministic tradition 

in theory seems to have been the mode . From these two 

studies, it can be concl ded t. at even though much ~ 

to be done before a model can be developed which can ade-

q ately treat all the marketing variables under the assurnp-

tion of a stochastic consumer behavior, a modified 

arkovian process offers an encouraging start . As HCMara
11 

points out tnough , there are some major problems in using 

markovian analysis under such circumstances . These can 

be classified into three categories : irregular patterns 

of purchase or random interpurchase time , difficulties 

of aggregation , and difficu1ties in revising transition 

Matrices to reflect new information . 

Another area where stochast1c models applications 

ave been tried is in personal selling strategies . 

agee (1952) trie as early as 1952 to apply stochastic 

models in personal selling, by arr-nging dealer customers 

according to average order size, which provided the basis 

for allocation of the sales effort to consumers . Having 

allocated sales effort to control unit , the sales manager 

then considers the call strategies to be used . The result 

'lias not very practical until 1960 ' s and after when 

Shuchrnan proposed a modified markov chain approach to 

th 11 
. . . 12 

e a ocat~on dec1s1on . 
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Personne supply i. an organization can also be fore-

casted sing markov chains to odel the flow of people through 

various states (usually skill or position levels and sometimes 

years of service) . The majority of Markovian manpower 

applications noted in the literature comes from military , 

government and public agencies rather than business . 13 More -

over, much of the new works in this area have been published 

in volumes of conference proceedings , including Wilson (1969) , 

Bartholome"' and Smith (1977) , and Bartholomew (1967) . White ' s 

(19 70) work on chain of opportunity is a detailed study of 

job mobility based on the idea of modeling the flow of 

vacancies through the system . 

Although statistical tests for validating Markov chain 

14 models have been known for more than twenty nine years , 

they have been sed only in few applications , especially , 

in the analysis of system behavior . 15 In demography , for 

example, Keyfitz has provided a basic source of methodology 

for mathematical analysis of popu1ation . 16 Chatfield and 

Goodhardt (1969) have also modelled buying behavior as a 

stochastic process . Hagcrstrand ' s wor on diffusion of 

innovations by use of stochastic methods has triggered 

quantitative georgraphers ' interest in this area17 

In business , Cyert and Thompson (1967) have used a 

stochastic model for selecting a portfolio of credit risks . 

It is a common practice with credit agencies to classify 

each credit applicant with several risk categories . This 

is usually done by a crude form of multiple regr ession 

model using "scoring functions" of relevant independent 
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var~ab es . Suppose there are C risk categories ana m+2 

stages of the account ; out of rhich 2 refers to the "paid 

up" and the "bad debt" states of an account . Assuming 

that the credit applicant passes through the states of 

the account based on a transition probability matrix,the 

management can determine the elements of C transition 

probability matrices one for each risk category . This 

seems to be a more realistic assumption than the one 

based on a single transition probability matrix for all 

credit applicants . The end objective of this procedure 

is to enable the firm to a.rrive at a portfolio of 

accounts receivables with different proportions of 

customers in the various risk categories . From the 

standpoint of total risk , the firm then should be able 

to afford more people in higher- risk categories when 

it has relatively more in the low- risk categories . 

The criterion for this policy proposed by Cyert and 

Thompson is based on the coefficient of variation of 

the total expected receipts and acceptance of customers 

as long as this· coefficient remains below a preset 

value . 

The term structure problem can also be analysed 

using a stochastic model . The problem of term struc

ture may be considered to be a special case of the 

problem of determining capital values under uncertainty . 

The payments stream may be taken as deterministic , but 

future interest rates are stochastic . In his study 

Pye (1966) accounted for the stochastic nature of 



21 

interest rates, by assuming that there are finite number 

of interest rates Pi (i=l,l,----m), and from period to 

period the interest rates var· as a Markov Chain . Pye 

also discusses the properties of the yield curves and 

the behavior of the expected future one- period 

interest rates based on the properties of the 

transition probability matrix . 

Stochastic models have also been used in the study 

of the spread of rumours and epidemics, see Becker 

(1968) , Ooley and Kendall (1965) 

2 .2. FORECASTING MODELS 

Man has always striven to account for things that 

he observed happening in the universe about him. One 

reason for this is obvious : if man "understands" a 

phenomenon , he may be able to control it in some way , 

or will at least be able to predict future behaviour 

from a knowledge of current behaviour . The formation 

of theories (Models) which account for observed 

behavior is not a new phenomenon. The historical 

development of probability models for instance, has 

been long and interesting . The Mathematic giants 

P. Fermat {1601- 1665) and B. Pascal (1623-1662) worked 

on such Models (in connection with gambling problems). 

The present approach to the axiomatic system commonly 

called "probability theory" was proposed by A.Kol.m:>gorov 

in 1933 , One striking difference between the earlier 

models and the recent ones is associated with assess

ment of the liKaW cx:x1 of various alternative outcanes in an 
~llreJlt. 
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Forecasting models can be see as either causal or 

extr polative . The various extrapolative models available 

can be subdivided further into : Trend curve ana ysis , 

Smoot ing and Box- Jenkins methods , Bayesian forecasting 

(under which falls the Markov C ain analysis) and adap

tive models . Although by custom trend curve analysis 

has more often been used for longer term forecasting 

vlhile the remainder are usually perceived as suitable 

for the snorter term , they are all strictly comparable 

in terms of he criteria of cos effectiveness for the 

forecast ser . 

Statistical forecasting is generally based on the 

assumption of constancy , this has emphasised the tradi 

tional role of statistical forecasting as extrapolative . 

Tnat is some model based on past data has been developed , 

which subsequently has been sed to ' project ' the 

past patterns and relationships beyond the sample date , 

thus providing forecasts for the future . This usually 

works well as long as the established patterns and 

relations do not change . However , if changes do occur , 

statistical forecasting cannot deal 1r1i th this situation 

because the assumption of constancy will not hold . The 

resulting errors do not have to follow previous patterns : 

they can be non- random , their variance can be wider , 

and or they can be non- symmetric . 



23 

. a)or Functions i Forecasting 

Understandin 

Extrapolative 
predictions 

Fig . 2 . 2 . 1 

strategic 
consideration 

1---~ Planning and other 
objectives 

Adjustments 

r------:> Final Forecasts-! 

If an enlarged role of forecasting is accepted 

(Fig . 2 . 2 . 1) then t e problem becomes how to continue 

forecasting Nhen systematic changes from established 

patterns and relationships are involved . Forecasters 

an d end users hov1ever , must accept the inevitable , this 

being the inability to forecast statistically when the 

assumption of constancy does not hold . 

After sing the regression models based on anti-

cipated workload , sales or economic indicators and the 

Delphi procedures , to forecast personnel demand ; Hopes 

( 19 7 3) also used Markov Chains Model to forecast personnel 

c upply and these have been used with some measure of 

success for manpower planning . 

Several studies have been reported in which multiple-

objective approaches are used to select an appropriate 

forecast model by comparing forecast statistics generated 

by each method . Reeves G. R and Lawrence (1~82) studied 

combination of forecasting methods oased on multiple 

objectives . Bunn (1975) also studied linear combination 

of forecasts while Carbone et al (1983) compared for 

different time series methods , the value of technical 
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expertise , individualised anal sis and judgemental adj st -

rnents needed in forecasting . Dickinson tl975) also made 

some observations on the combination of forecasts . 

The benefits of combining forecasts using goal pro

gramming (G . P) lies in the ability o= goal programming 

to reflect the preference of the decision- maker or 

planner . A odel may then be selected to yield fore -

casts which are implicitly "weighted" by either the 

preferences of the planner or a linear approximation 

of a preference structure . 

Two questions usually dominate any assessment of 

a forecasting model : 

(1) Is the ~1 statistically satisfactory? 

{2) Will the model once developed be used and perform 

cost effectively? 

While much of research in statistics and operations 

Research has concentrated on the former question , it is 

the latter that is often of more concern in practical 

forecasting . Little (1979) suggests that as we 1 as 

accuracy , a good model should be : 

(i) Easy to understand for the user 

(ii) Easy to control , that is , the user should be able 

to make the model behave in the v1ay he wants it to , 

because of its comprehensive structure . 

{iii) Adaptive , that is , should be able to accept fresh 

information and use it to update the values of the 

parameters . 

(iv) complete on important issues : It should include those 

factors perceived to be important o the user . 



( ) Easy to communicate with: The user should be able to 

c ange user specified input information easily and 

o tain model output in a simple form wit equal facility . 

(vi) Robust : It should be specified so that it gives 

s ensible answers to plausible inp t information . 

In effect what these criteria deman · ,is a model as 

f l exible as the forecaster himself and yet formalized 

s o that statistical testing can be carried out . 

Any such model would be expensive and in most forecasting 

situatio s it would appear that a model is selectea for 

its simplicity rather than with regard to the other five 

criteria . However , Little ' s somewhat idealistic criteria 

can serve as benchmark for assessing a model ' s accepta-

bility to the ser but notethatpo.111ts (iv) - (vi) areofrrore 

concern in causal modelling than extrapolative models . 

akridaki's et al (1982) summarises the criteria of 

selecting forecasting methods as depending on : 

( 1) The pattern of the data (2) The type of series 

( 3) The time horizon (4) The ease of application 

(5 ) The cost and l6) The accuracy of the forecast . 

2 , 3 . THE .-1ARKOV CHAI 

arkov Chain analysis ~s attributed to A. arkov, 

a Russian Mathematician who developed the technique in 

1907 . As a descriptive (none normative) tool , the 

major objective of Markov Chain analysis is the 

prediction of the future behavior of managerial 

systems . Such prediction can be achieved , in some 

cases , by other tools such as decision trees (coupled 
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wi. tn corrplete e"l , ratia."l) or si.rnulation . '!he advantage of 

Markov d1ain analysis is that , the oo; utatiooal wo:d< is rela-

ti vel unc:onplicated and can be carried out very rapidly , and 

with the relevant carputer packages in a few hours . 

'!he analysis ~lies in a dynamic , probabilistic environ-

rrent •,Jhere rrost other managerrent science tools fail ; yet rrost 

ma'!ageme t situations in reality are of such nature . 'Iherefore , 

it is considered a g<X>d tool for providing infor:mation \Vhich 

can be used as a basis for making decisioos by either o:xrplete 

en~ration of all alternatives or through additional opti-

mization rrodels . '!he relationship between Markov analysis 

and the managerial analysis is shown belON :-

~1anagerial analysis using Markov Chains 

FJ.g• 2. 3. 1 MARKOV ANALYSIS 

Cecision m3k.ing via 
cx::rtplete enurreration 
or an optimization 
11'0001 

MANAGERIAL ANALYSIS 

Stochastic rreans probalitistic , that is , with an exhaustive 

set of probabilities or dlanoes of outcares . 

Serre Comron Stod1astic Pr:o<:Esses are:-

(i) '!he Bernoulli Process , that is a process with discrete 

state and paraneter space. For instance , a series of indepe-

ndent repeated trials with tv.o outcx:ne.s , say "sucoess" and 

"failure" whose probabilities are p and q respectively at 

each trial ; and (p+-q) = 1. Sn inplies the m.nber of successes 

in n trials , thus (Sn) is a stochastic process with state space 
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The probability distribution of S. for a given n is : 

P(Sn 7l = K) = (. k n - k 
, K = o , 1 , 2 ••••.••• 

The process (Sn) is a b~L •uulli process . This process 

is a simple discrete time renewal counting process ; it 

is also a arkov chain with discrete state space . 

(ii) The poisson process , a process with discrete 

state space and continous parameter space . 

Let x(t) be the number of events occuring in time 

(o , t}; the process {x(t}) is stochastic with state 

space (s :o , l , 2 ..• ) and parameter space (t ~ o> 

For a given t , xlt) has the poisson distr1bution with 

mean At: 

P [x ( t) = I<.l D -J.t ()t)k 
\_. Kl I . K = o , 1 , 2 •••••••• 

The process ~ ( t) J is called the poisson process . '!'he 

time interval between consecutive occurences of events 

in a poisson process are inaependent random variables 

identically distributed with probability density 

function f(x) given by : f(x) = A e A00
• Therefore 

the Poisson Process is also a renewal co nting process , 

thus has the Markov property , consequently , the process 

is also a 1arkov process . 

(iii) The Gaussian Process : This is a process with 

continous state and parameter space . Consider a 

stochastic process [x( >] with the property that for 

an arbitrary set of n time points lt{ t 2 , .... tn) the 

joint distribution of x(tr) , (r=l , 2 , •••. n) is n-

variable normal . Then the process is called Gaussian . 
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( iv) The iener Process (Brow ian otion Process) . 

This is a process with continous state and parameter spaces . 

Conside r a stochastic process ( x(tJ ) with the following 

properties-

(aJ The process [x ( t) , t ~ :>~has stationery independent 

increments . This means that for t
1

, t
2 
~T (oarameter space) 

and t 1 < t 2 , the distribution of x(t2 ) - x(t
1

) is the same 

as x lt2 +h) - x(t1 +h) for h .::> o , and for an non- overlapping 

t i me intervals tt1 , t 2 ) and (t 3 , t
4

) with t
1
< t2<t 3~4 , the 

random variables x(t 2 ) - x(t 1 ) and x(t4 ) - x(t
3

) are 

independent . 

(b) For ar.y given time interval tt
1

, t
2

) , x(t
2

)- X(t
1

) is 

normally ctistrinuted ·.,;it mean zero and variance 62 ( ~-t1 ) . 

Then the process [ x (tO is called the Wiener process . 

A ~1arkovian Process for which all realization or 

sample function L Xt , t£ (o , v0 >J are continous functions , 

is called a diffusion process . The poisson process is 

a continous time Markov Chain and Brownian otion is a 

diffusion process . 

Stochastic Processes occuring in most real - life 

situations are such that for discrete set of parameters 

t 1 , t 2 •.• ,tn t.. T , the randomvariablex(t1 ) , x(t2 ) , . .•• 

x (t ) exhibit some sort of dependence . For instance , 
n 

the state of the standard one after n pe r iods (Xn) may 

conceivably depend on the state of the same during the 

preceding n - 1 periods . The analys i s of the process gets 

complicated as the dependence structure becomes complex . 

Th e simplest type of dependence is t he first- o r de r depe-

ndence underlying a stochastic process . This dependence 



is termed arkov- dependence and ay be defined as 

follows : 

Consider a finite (or co ntabl infinite) set of 

points t
0

, (t1 , ... tn , t) , t
0 

< t 1 <t
2 

< •• · < tn .( t and 

t, tr (T (r=o , 1 , ... n) where Tis the parameter space 

of the process X(t) . The dependence exhibited by 

the process ( X(t) , t t T) is called Markov - dependence 

if the conditional distribution of x(t) for given values 

is the most recent known value of the process , 

that is : 

= Xn , x (tn - 1)= Xn_
1

, ••• , X(t
0

)=X
0 

= P x ( t) ~ :r I X ( tn) = ):.n J 
= fl ~ , .x- ; tn , t) 

The stochastic process exhibiting this property is called 

a Markov process . A Markov process is therefore , a 

stochastic process whose probability of being in any 

state depends only on its previous state and the transi-

tion matrix . In a arkov process , therefore , if the 

state is known for any specific alue of the time para-

meter t , that information is sufficient to p r edict the 

behavior of the process beyond that point . 

Depending on the nature of the state space and the 

parameter space , we can divide arkov Processes into 

four different classes (see table) . Whenever the 

parameter space is discrete , we shall call such 1 arkov 

process Markov chains , that is a Marxov process with 

constant transition probabilities (chances of a 

system moving from one state to another) . In this 
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Contino s arkov process 
wit discrete state space 

Table 2. 3. 1 

! arkov Process with 
continous state space 

st d·• , the emphasis is on arkov chains . 

A . arkovian Decision Process ( 1DP) is the stochastic 

process that describes the evolution of a dynamic system 

controlled by a sequence of decisions . Such a process 

exist in a continous state space and more sophisticated 

tools for its analysis are needed . 

Syntx>lically , a Markovian process . can be defined in tenns of the 
probabilit· of being a given stateS at timeT as follows : 

Prob (s 1=Kist- l , st- 2 , st- 3 ,------, s1 , 5
0

) 

= Prob (St=Kt l St- l=Kt- l ) ................. (2 . 3. 1) 

Th s , the probabiLity of being in a given state at time 

T depends onl on the previous state the system was in . 

The Markov chain process describes the movement of a 

system from a certain condition (or State) i n t he curren t 

stage (time period) to one o= n possible states in the 

next stage . The system moves in an uncertain environ-

ment . All that is known is the probability associated 

with any possible move (transition) . This concept of 

the transition probability is the key to Markov analysis . 

The transition probability at time t for a Markov 

chain is defined by : 

Pij(t)= Pr ob(St=Kj \ St- l=Ki) .•.... (2 . 3 .2 ) 

and gives the p r obability that the system is i n state 

Kj at the time t given that it was in state Ki 
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previo sly (time t - 1) . Alternatively , it is the pro

b ilit of moving from state Ki to state Kj in one 

ti e period ( t) • If the transition probabilities do 

not depend on t , that is the transition probabilities 

of moving from one state to the next remain constant 

over time , then it is said that the Markov chain is 

homogenous . In #hich case : 

Pij=Prob (St=Kj I st- l =Ki) ••••.• (2 . 3 . 3) 

If the state space of the arkov chain is finite then 

it is discrete Markov chain , otherwise it is a 

continous Markov chain . In this paper the concern 

is with homogenous finite arkov chains . 

Given a set of states i=l , ••.. , 1, then Pij is 

the percentage of time that state j is the outcome 

if the s stem starts in state i . The set of tran-

sition probabilities across any row (current state) 

is called a prd:>abi li ty vector and represent all 

possibilities of moving from one state in the 

current period to one of the n states in the next 

period . 

Given the transition Matix P : 

To state at the next period 

From 
51 5 2 .. sr ·· 5 n 

51 pll pl2 '. pi j "" P. 
JJ1 

52 p21 p22 '. p2j "'' p2n 

p = 
5i Pil Pi2 . . Pij .. • Pin 

.......... 

Sn Pni Pn2 Pnj Pnn 



32 

'Ina state of the system after n ves is described b · n rs 

Pij(n ) , that ~s the percentage of the time that j is 

the o tcome after n moves if the system starts in state i . 

AS n becomes large Pij(n) approaches ltj : that is , 

all then rnbers in a column become identical . The 1fj ' s 

may be computed from llj = ~ 
i=l 

I{ iPij , v1here 
~ 

._ 1i j=l , 

j=l 

11 j ~0 •• (2 . 3 . 4) 

Transient behavior and State Probabilities 

Let the probabilit tat the system will ccupr a 

particular state i , at period k , be denoted by qi(k) . 

This probability is the state probability . As the 

system must occupy only one the n possible states at 

any given period , including period k, then the sum of 

all q values must e~ual 1 . Thus : 

qi (k + q 2 (J< + •.. +qn (k = l for every k 

That is : n 
.L._ qi(kJ = l ••••• (2 . 3 . 5) 

i= 1 

where : n = number of states 

k =number of transitions= o , l , 2 ....•. 

In general therefore , the s~!te probability distribution 

Q ( k) = Lq 1 ( k • , q 
2 

( k , • • • , qn (J<) J . . . . ( 2 • 3 • 6 ) 

Thus the probability of q 1
(1) together with q 2 (1) and 

q
3

(1) form the components of Q(l) . 

But in Matrix notation : Q(l) is the product of Q(o) 

and P ~ 

Thus : Q ( 1) = q 1 ( 
1

) q 2 (1) ' •••• qn ( 1) = Q ( o) P • •• ( 2 . 3 . 7) 
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where P is the transition probabilit · matrix of the system. 

Similarly : (2) = (l)P (2 . 3 . 8) 

T us : (2) = Q(l)P = Q(o)P 2 

In genera~ therefore : 

(k} = (k- l)P = 2 
(K - 2)P = k 

= Q(o)P .• (2 . 3 . 9) 

A major property of Markov chains is that in the long 

run, the process usually stabilizes : that is the system 

exist in a steady state or in equilibrium . This phenomenon 

of equilibrium probabilities is expressed as : 

(k) = Q(k- 1) = 

But Q = QP 

(k) p • 

. . . . . . . 
(2 .3 . 10) 

(2 . 3 . 11) 

vlhich implies the state probabilities at eq ilibrium 

remains the same from period to period . 

Thus : 

Plnl 
P2n . 
. I 

P n2 · • · · · P nn ] · . . (:l . 3 . 12) 

The Key feature of a Markovian 1odal is its ability 

to capt re probabilistic dependencies between successive 

events . Determining the steady- state behavior of a 

arkovian system involves solving a set of linear 

equations . Consequently the Matrix multiplication 

in equation 2 . 3 . 12 above , then result in a system of n 

simultaneo s linear equations as follows : 

. . . . . . . . . . . . . . . 



The Lirnitat · ons of tis model are : 

(a) For accurate ifj ' s (equatio 2 . 3 . 4) , the Pij ' s must 

be ell determined . 

(b) The size of n for Pij(n) to be close to tlj may be 

ui te 1 arge ; the -rr j ' s are useful on 1 if the requisite 

size of n is reasonable for the problem at hand . 

(c) Difficulties usually arise in the application of 

arkov c ain analysis regarding the development of 

transition matrix . Historical data can serve this 

purpose in some cases, while in others , the subjective 

beliefs of management may be used . 

A major property of Markov chains process is thus : 

"The fut re , given the present , is independent of the 

past" . 

Absorbing Markov chains 

A s stem is said to be in an "absorbing " state if , 

once there , it cannot exit to some other state . Simi

larly a state is absorbing if once entered , cannot be 

left . Practical examples of absorbing states are : 

A bankrupt business , a river or lake irreversibly 

destroyed b po~lution and sediment , and a building 

destroyed by fire . 

A arkov chain is absorbing if , it has at least 

one absorbing state or i t is possible to reach an 

absorbing state from any non- absorbing states . 
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G ve. a transition atrix T (where transition proba-

hili ties are assumed constant over time) 

To sl s2 s3 s4 
From 

51 pll pl2 pl3 pl4 

T = 52 p21 p22 p23 p24 

53 p31 p22 
p33 p34 

54 p41 p42 p43 p44 

Assure that states 5 1 and s3 are absorbing states , thus ~1 the 

elements in rows s
1 

and s
3 

are zero save for the one corres 

ponding to the same state which has the value of one . 

Thus : P 11=1, Plj=o for j= 2 , 3 , 4 and P3j =o save for j = 3 

The transition Matrix then appears in the following 

form : 
1 0 0 0 

p21 p22 p23 p24 
o o l.o o 

p41 p42 p43 p44 

The Fundamental Matrix Formation : 

• (2 . 3ol3) 

Cross off the rows v1ith t E absorbing states (s1 and s3 

in the above case) , t en re-arrange the remaining rows and 

columns into Absorbing (A) and Nonabsorbing (N) o 

A = ::(::~ :~' 
s2 

= ::[::: 

54 

p~l 
~ -o- (2 . 3 . 14) 

Define the Funaamental Matric (F) , where 

F = 
- 1 

(I -. ) I 0 ( 2 3.15) 

the inverse of Identity Matrix less atrix 
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Th s: - 1 

F = (1 

Th e elements of the F ndamental matrix rep resent the 

a verage number of periods t he system will be in each 

non-absorbing state until it gets absorbed . The sum 

of the ele ents in each row of matrix F provide the 

average number of periods to absorption . 

The probabilities of moving from any nonabsorbing 

s t ate to each absorbing state are given by matrix M. 

M = F A . .. . (2 . 3 . 16) 

That is: - 1 - - ) 
'1 

I 

0 

) - ~22 p24 rp21 p23 
I 

M = I 

0 1 p42 p 44, p41 p43 
' 

Analysis of absorbing Markov chains can provide Mana-

rnent with answers to at least three important questions : 

( i) What is the average number of periods that the 

system 1ill be in each non- absorbing state before it 

is absorbed? 

{ii) How long is the system expected to stay in non-

absorbing state starting from each non- absorbing state? 

Such information can be of practical value for 

management decisions in such areas as : replacement of 

equipment , marketing , and maintenance . Other relevant 

areas of application of such information range from 

queueing theory to production planning , brand loyalty 

or market share analysis , investment evaluation , new 

product development , Pestcontrol and ecology , dynamic 

programming and organi zation theory among others . 



SECTIQ, THREE 

RESEARCH DESIG D VALIDATIO 

3 . 1 . THE POPULATIO. 

'It.e population of study oonsi.::;ted of all the standard one 

enrolrrents in akuru Mlmicipal primary schools from 19 69 to 

1989 (beginning of year) • '!his period of tllenty years was 

chosen because of the major educational policies and develop

rrents which took place , and whose effects are felt on enrol

rrent in standard one , in Kenya ' s urban areas . In 1969 for 

instance the local (Transfer of Functions) Act , was enacted 

which transferred the overall responsibility for primary 

education in the rural areas to the central Governrrent , while 

leaving the sarre in urban areas to the Municipalities . This 

policy greatly influenced the municipal sdlool systems , and 

with the unflux of people to the tarms , the rnunicipali ties 

had to engage in proper planning and administration of the 

various resources to rreet their local needs , as the central 

governrrent was no longer responsible directly for the running 

of primary schools within these areas . 

In 1974 , there as was a presidential decree which rerroved 

school fees for lONer primary school (standard one to four) . 

This enrouraged many feOple to send their dlildren to schools 

consequently enrolment in tnese classes ,espe-:iaJ.ly in standard one 

sored so high that in sare places (like akuru) it nore than 

doubled. Sudl other factors like the gesture by the President 

in 1979 ~lhich introduced milk to prirna.l:y schools also occurred 

within this period. 
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In 1985 a ne-11 llab was introdu~d to primary schools 

·uch changed the whole of the education system from the 7- 4- 2- 3 

to 8-4- 4 system. S ch factors rna· ha e influ:m~d enrolrrent 

in one ~~a or the other and the last two decades rovered by 

the study ensures that all trese effects are taken into 

consideration . 

'Ihe 1969 to 1989 ~rioei gives data for two decades . The 

rehavior of the system in the last two decades provide a good 

indication of the expected behavior for the ooming decaCie . 

'lhis pericrl thus provide enough data for standard one enrol

rrent behavior I which can therefore be used to predict enrol

rrent for the roming decade . Finally the 19~9 (beginning of 

~ar enro:!.m=nt) gives the oost current data , whose inclusion 

in the rrodel made the projections from it oore realistic. 

'Ibis is necessary , because like oost forecasting or projection 

rcodels , the further CIWay the period to be predicted from the 

prediction point, the less realistic the predictions and the 

rearer the pariod to be predicted from the prediction point 

the rrore realistic the predictions are likely to be. 

3. 2 DATA CDLLECI'ION ME'IHOD 

'Ihe data was oollected fran a secx:mdary source, the 

Nakuru Municipal Council reoords . These reoords are cam

piled for oouncil schcx:>l administration purposes . funthly 

returns are sent by the schools to the Municipal Education 

office 1 shONing am::>ng other things the pupil attendance over 

the m::mth for each class . The pupils may not attend classes 

d:e to several reasons:-
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· n-payrrent of srnool fees , (when standard one pupils paid school 

fees,, sicknesses , death , transfers out of town, transfers 

within town (to different schools ithin the same zones 

or in different zones) . In cases w.ere p pils were 

absent due to non-pa~·ment of sc ool fees or sicknesses , 

t hey were treated as present , because these are tempo

rary absences . In cases where pupils 111ere transferred 

out of town (Municipality) or cases of death or drop-

outs , t e were treated as " absorbed " or as if they 

entered a non- return state . In cases where pupils shifted 

between schools in the same zone , such enrolments are 

really 111i thin the same zone and their effects are not 

felt outside the zone , as such these cases are ignored . 

Movement o t of each zone and into a zone were considered 

as transitions . 

The data collection sheets (Appendices 3, 4 & 5) snONs 

how the relevant data was captured . All the data from 

1969 to 1988 represent actual enrolment ; this is due to 

the fact that no comprehensive list of the a plicants 

(demand) exists for these years . Furthermore the 

municipality claims that all the applicants in each of 

those years werE enroled and where these over-

numbered the facilities available , temporary measures 

were taken like converting other rooms for classrooms , 

e playing untrained teachers , or simply doing without 

some facilities . In other words , the situation was 

dealt with as it arose . If this is true , then , there 

was insignificant difference between the applicants 

(demand) and actual enrolment . 
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In 1989 , however , the application forms sent to 

the various nursery sc ools for standard one prospects 

from the municipality was far below the actual appli-

cants , this was evidenced by the actual requests sent 

to the Municipal office . Such information while avail -

able for 1989 was not available for the previous years 

as such it was possible to obtain the applicants figures 

for 1989 that was used to estimate the demand for stan-

dard one places in 1990 , 1991 and 1992 . 

The demand estimates are much more useful for 

planning purposes than the estimated enrolment , because 

it provides what should be the target for proper 

allocation of resources rather than what would be the 

case with the actual enrolrrent. The t h ree years fo r ecasts 

were chosen because the shortest planning period (for 

local government) is three years . Thus it is possible 

to plan for the three years as part of the usual 

planning programs rather than for a year . 

3 . 3 DATA A ALYSIS 

The data vias analysed by building a ~1arkov chain 

Model of the enrolment , and employing this model in 

the prediction of future enrolment . The actual 

process follows . 

3. 3 . 1 MODEL DEVELOPMENT : 

3 . 3 . 1 . 1 Introduction 

Data for actual movement between the zones 

during any year we r e not readily avai lable , indeed the 

ctocumented evidence shoNed that the movement , 



parcicularly tor standard one p pils is negligible . 

If such information is sed to b ild the odel , it 

would not result in a realist1c mo el . It became 

necessary therefore , to come up with an appropriate 

transition matrix which would be realistic , this is 

due to the fact that for a Markov chain Model , the 

transition Matrix is the core . 

The enrolment for each zone for each year were 

arranged in a tabular form (appendix 2) . The 

proportion of the enrolment for each zone were then 

calculated for every year , from 1974 to 1979 and 

from 1984 to 1988 . The 1974 was chosen as the base 

year to start studying the behavior of the system 

for the following reason: -

In 1974 there was a presidential decree which 

abolished school fee payment for standard one to 

standard four . This decree affected enrolment so 

much that it increased from 2,154 in 1973 to 4 , 359 

in 1974 for standard one alone; an increase of 102% . 

Indeed the enrolment has never been that high again ! 

From 1974 therefore a new era started in the primary 

school system in which parents paid no school fees 

to enrol their children in standard one . It therefore 

follO'.•IS that all schools were the same and parents 

could therefore enrol their children only in the 

most convenient regions . Before 1974 , Price discri

mination (differential school fees in different 
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schools) kept pupils onl in schools their parents could 

afford . Indeed some schools were reserved for the very 

rich, w ites, Indians . Such arrangements constrained 

enrolment to specific regions , and it is possible that 

parents would send their children to different zones 

from where they lived. It can therefore be concluded 

that the distribution of standard one enrolment 

(behavior of the system) before this period was 

constrained or artificial . When this barrier was 

removed, it is expected that the demand for standard 

one places shifted from the affordable (for the 

majority of akuru resident) to the most convenient 

regions. The system therefore assumed its own behavior 

which can safely be represented by a Stochastic Model . 

The 1980 , 1981 , 1982 and 1983 data was left out 

when building the Model because they were to be used 

for the Model validation , 1989 data was also left out 

because this demand is to be used for forecasting for 

the next decade once the model is validated . 

This process was followed for the total enrolments 

in standard one (boys and girls) , for boys only and for 

girls only . In effect , three different transition 

Matrices were obtained showing the transition between 

the zones for boys and girls separately and for the 

two together . 

The assumptions underlying the Markov Chain Model 

are covered under section two of this study and shall 

only be referred to , in this section , where applicable . 



3 . 3 . 1 . 2 The Model 

One of the major properties of 1arkov chains is 

that , in the long run , the process sually stabilizes 

(equilibrium) . This phenomenon is expressed in 

equations 2 . 3 . 7 , 2 . 3 . 9 and 2 . 3 . 10 ; these imply that 

the state probabilities at equilibrium remain the 

same from period to period . Therefore at equilibrium , 

if the current state (o) is known and the transition 

atrix , T is known , then the future state Q(k) can be 

predicted . 

Since the transition 1atix in our case is ot 

known, the transition from state to state is studied 

for the nine years , in t e following manner : 

Given that : 

\vhere : 

is the future state . 

pEE p EC p E.V'-1 

PCE PCC PC:W 

PWE Pwc PVM 

qE is the proportion of standard one 

enroled in the Eastern zone currently . 

q is the proportion of standard one enroled 
c 

in the Central zone currently . 

qw is the proportion of standard one 

enroled in the Western zone currently . 

P .. for i , j = Eastern , Central and Western , 
l.J 

represent the probability of moving from 

the i zone to the j zone . 



It is necessary to add here that , qE + qc + ~ = 1, 

that is , the enrolment within the unicipality can only 

occur in either of the three zones . Also , the r~# vector 

of the transition Matrix , T , add up to one, thus in every 

transition, a zone retains a certain proportion while the 

rest it shifts to either of the other two zones . A 

shift from the municipality and shifts into the Munici

pality are taken care of by the increases or decreases 

within the zones . For instance , if there is an influx 

of people to the Municipality , these will distribute 

themselves into the various zones as they find conve

nient , as such the proportions in the zones will change . 

If more people move to the Eastern zone for instance , 

then the proportion enroled in the Eastern zone shall 

rise , similarly if t here is a major move from the 

unicipality from one particular zone , say , the western 

zone , then the proportions in this zone shall fall 

accordingly . · Otherwise the moves into or out of the 

Municipality should be distrib ted equally between the 

zones if there is no preference of one zone over the 

others ; in which case the proportions remain unchanged . 

In most instances the current state , Q(o) and the 

transition Matrix (T) are known ; but Q(k) is unknown . 

In our case the T is unknown , but the transition from 

state to state for the nine years (1974 - 1979 , 1984-

1988) were used to arrive at an estimate of the best 

transition Matrix to be used . 
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\ olfe and Dantzig (1962) sho·#ed that there is an 

iteration procedure which when applied result in the 

choice of t e best Transition Probability Matrix . Since 

a : arkov chain (system) can be in any one of the 

·c~ c:O) states and associated ·,.1ith each state i(i=l , 2 .•. ,m) 

let Pi be t e set of available alternate probabilit 

vectors (kPil , kPi2 , ..... , kPim) , K€.Di. The idea is 

to select one vector out of Pi , in such a way that 

when it is used for the one - step transition probabilities 

out of state i in the Markov Chain , the ulti ate gain 

is maximised , assuming that the system stays in ot:eration 

for a sufficiently long time . Repeating the iteration 

proced re for all the states , i=l , 2 , ..•• m, then a 

transition probability Matrix can be assembled for 

t e Markov Chain which can be considered to be the 

best under the given circumstances . The iteration 

method used in achieving this result has been shown 

3 .3.1.3 

to be a special extension of the simplex method of Linear 

programming allowing for Multiple substitution (see 

Ghellink , 1960) . 

The Total enrolment 1odel 

The transition between 1974 and 1975 
T 

pll pl2 pl3 
Q{l974) 

p21 p22 p23 = 0 '1975' 

p31 p32 p33 

'Ihus : 
( • 3 7 8 • 36 2 • 25 9) = ( . 383 . 356 .261) 

Pu P22 P23 

pl3 p32 p33 
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Similarly t.l-Je transition bet:...Jeen 1975 and 1976 

rpll pl2 p~ 
383 j56 261) p21 '1??_2 p23 ( . . . = ( . 37 . 346 . 280) 

p31 p32 p33 
.___ 

'Ihis process is done upto the transition between 1987 and 

1988 . The result is a set of nine simultaneous equations 

'tlith nine unknowns ; which were thus solved to obtain the 

initial estimate of the transition Matrix . For the total 

enrolment the initial Matrix obtained was : 

T = 
,.----
. 52 0 37 . 11 

1

0 12 0 7 8 0 10 

. 10 . 25 . 65 

This matrix reached equilibrium at the ninth transition, 

that is T9 = T10 = T11 = ..... = Tn for a very large n . 

The equilibrium Transition matrix for the Total enrol-

ment is thus : 

Te = ~095 
0 095 

095 

• 590 . 3ill5 
. 590 .315 

. 590 . 315 

The transition probability Matrix gives the proba-

bility of moving from state Ki to state Kj in one time 

period (t) , Since the transition probabilities above 

do not depend on t , that is the transition probabilities 

of moving/from one state to the next remain constant 

over time , the Markov Chain is homogeneous and takes 

the form of equation 2 . 3 . 3 . The state space of the 

Markov Chain above is finite (three) as such it 

is a discrete Markov Chain . 
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Pij from the transition ·atrix abo e represent the 

percentage of time that state j is t e outcome if the 

s ste .• starts in state i. The state of the system 

after . m:> es is described by Pij (n) , that is , the per-

centage of the time that j is the outcome after n 

moves if the system starts in state i . As n becomes 

large (nine in our case) Pij ( 9) approaches ~j ; that is 

all the numbers in a column become identical . In 

column one , all the numbers are . 0 5 , while in Colum 

two , they are . 590 and in column three they are .315 ; 

also ± m = 1 , trj> 0 {equation 2 . 3 . 4) . 

j=l. 

3 . 3 . 1 . 4 The Boys enrolment 1odel 

A similar procedure to the one used for the total 

enrolment is used for the boys enrolment . 

ith the knovm states and an unknown transition 

. atrix , the transition is uilt from 1974 to 1975 , from 

1975 to 1976 , 1976 to 1977 upto from 1978 to 1979 . Also 

from 1984 to 1985 and so on upto 1988 . 

pll p12 pl3 

Q(l97 ) p21 p22 p23 = (1975) 

P31 p32 p33 

Thus : ( . 383 . 348 .278) 

for 1974- 1975 
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si ilarly for the 1975- 1976 

Tb 

( .383 . 348 . 278) pl1 pl2 p~ 
p21 p22 p2_3_1 

p31 p32 p33 I 
and so on p to 1987-1988 period . 

= ( . 382 . 315 . 303) 

The result is a set of nine simultaneous equations 

lith nine unknowns . These are then solved using the 

iteration procedure as above to obtain the initial 

trans ition matrix 

Tb . 690 . 174 = 
. 220 . 568 

. 279 . 249 

. 1~3 

.212 

. 492 

The matrix Tb reached a steady state (equilibrium) 

lo 11 12 n 
at the tenth power , so that Tb = Tb = 'Ib = •••. ='Ib 

for a large n . 'Ihe equilibriun transition natrix for the boys 

enrolment is thus : -

'Ib = e 
• 510 • 309 . 181 

• 510 . 309 • 181 

. 510 • 309 . 181 

To conform with the transition probability matrix property 

that as n becomes large (ten in this case) Pij (10) approaches 

Tij ; th.JS all the nuilbers in a oo1unn becxne identical. In the 

first column , in this case , the number is . 510 , the 

second column has . 309 while the trird column has . 181 . 
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3 . 3 . 1.5 The Girls enrolment o el 

A similar procedure to the ones already used above 

is used for the girls data . The iterations from 1974 to 

1975, 1975 to 1976 upto 1978- 1979 , and also from 1984 to 

1985 , 1985 to 1986 upto 1988 are follo·,red : 

So that: 

(1974) 

'rhus : 

( . 384 . 364 . 256) 

This procedure , if followed upto the 19H7- 1988 period 

result in nine -l.fflultaneous equations with nine unknowns . These wnen 

solved provide the initial matrix , Tg . 

Tg = , . 406 . 566 . 02n 
• 110 • 54 7 • 34 3 
• 108 . 0 30 • 86 2 

\._ -

Raising Tg to higher powers provided a steady state 

transition probability matrix at the thirteenth iteration 

thus Tg became steady at the fourteenth power . Thus , 

Tg l4 _ 15 16 n f 1 h 
- Tg = Tg = •.•• Tg , or a very arge n . T e 

equi librium transition probability matrix for the girls 

is thus : 

= [154 . ~34 . 612 
Tge . 154 . 234 . 612 

. 154 . 234 . 6Ll __, 

This also conforms to the transition probability 

matrix property that as n become s large(fourteen in this 

case) , Pij (14) approaches j ; thus all the m.1roers in a oolunn 

l.ec:x::ne identical . In this case, the first oolurm n~r is . 154 , 

the seoond oolurrn nurnter is . 234 while the third column nunber is .612 . 
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3. 3.2 10DEL VALIDATIO 

3. 3 . 2 . 1 Introduction 

In validating the model , actual enrolment for 

1980 (in proportions) are premultiplied with the 

transition matrix T , to provide an estimate for 

1981 , 1981 estimated proportions are also pre-

multiplied with the transition matrix again to 

provide estimates for 198~ , wnich is also premultiplied 

by the tr.ms~tion matrix to provide estimates for 1983 and 

similarly for 198J and 1984 . 

A statistical test is then done to compare 

the estimated enrolment against the actual enrol-

ment first at 0 . 10 significance level (90% confi 

dence level) and then at 0 . 05 s~gnificance level 

(95% confidence level) 

This procedure is followed for all tne three 

transition matrices (The totals , boys only and 

girls only) . 

3 . 3 . 2 . 2 The Total Enrolment Model 

Q t 19 ~0) 

E c w 

( 340 320 • 340 

·r 

. 52 . 37 . 11 

. 12 . 78 . 10 

. 10 . 25 . 65 

= 

Qe~l981J 

E c 

( . 24Y . 4b0 .291) 
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l"l e ( _a ) e ( 982) 
• 52 . 37 . 1 

( . 2LlJ . 60 . 29 ) 2 . 78 0 = ( . 2 1.4 . 52 3 . ?63) 

. 0 . 25 • 65 
__) 

E: ~oo2) I ~ ~ . 52 . 7 . e ( • 83) 

( . 21 . S2• . 263) • 12 . 78 .19J = ( . 200 . 553 . 267) 

. 10 . 25 • 65 
L-

e(1983) e( 984) 

. 52 . 37 • 11 

( . 200 . 553 . 247) • 12 . 76 . 1 g = ( . 195 . 567 . 2 38) 

. 10 . 25 • 65 
L 

Year Estimated Proportions Actual Proportions 

Ee Ce We Ea Ca a 

1981 . 249 • 460 . 291 . 340 . 390 . 270 

1982 . 214 . 523 . 263 .352 . 338 . 309 

983 . 200 . 553 . 247 . 338 . 361 . 30 

1984 . 195 . 567 . 238 . 340 . 362 . 298 

A comparison of th e estimated proportions against the 

ac tual propor tions . at a 90% level of confidenc . This 

is tes ing a hypo hesis about the diff erence between two 

pop u la ion proportions . 

98 

s : 

.o : PE e = PEa , PCe = PCa , PW e = P a 

1 : PEe "' PEa , PC e * PCa , PW =t Pwa 



That is the hypo hesis tha es ima d oropor ions 

ar the sam e as the actual proportio s ir. oth r words , ha 

th model predict the proportions with som e me asur 0 

acc ur acy . 

Test St.a istics : 

Z = (Pa - Pe) - 0 
:,Pa - Pe 

Wh ere Pa are the actual proportions 

Pe are the e stimat ed proportion ~ 

S a - P e zre s~z. dare er ror of the 

difference bP-tw~e~n t .t.- tt.:o proporticr.s . 

Hi5 i. c;iv r. l y SPa - Pe =0 (1 - P + P(1 - f, 
na 

Wher e P is the pooled estimate of the hypothesized 

common proportions , na is a s amp l size for th actu~ 

proportions arc ne is a sample size take ~ f~r t = 

e s t i. TJ cJ t 2 • i ; . .1. p ~ =- l 1 1 s , "" j · '_, · , n ' y X a + X e 
na + ne • 

Where Xa represent the actual numbers from the sampl e 

while Xe represent the estimated number from thP 

sampl e, for instance if a sample of fifty (50) is chosen 

at random then Xa is the actual numb er from this 

fifty inroled in a g 'v en zone while Xe is the estimate 

(by ~he model) nu ber enro ed n a g'ven one . 

In which case na = ne = SO . 

Si gn i f i can c e Lev e 1 : ·x· = • 1 0 



Decision Rule : 

r 
.J.J 

If the compu d valu of he test sta 1's 1'c s , 

Z, is grea er than or e~ual o +1 . 645 or 

less than or eaual o - . 6t.5 we reject the 

'ull hypothesis (Ho) . 

Calculations : 

Given that: na =SO (SO is chosen arbitrari~y , bu since 

it is a l arge number , that is , greater than thirty (30) , the 

central limit theorem applies) . 

Then for the different zones : 

Xa :: 

Xe = 

p = 

Eastern 

. 34x50=17 

. 249x50=12 . 45 

17+12 .45=. 2945 
50+50 

Central 

.39x50=19 . 50 

. 45x50=23 

19 . 5+.23= . 425 
100 

Western 

. 27 x50=13 . 5 

. 291x50=14 . 55 

13 . 5+14 . 55= . 2805 
1000 

SPa- Pe = P( - P) + P(1 - P) 
na ne 

= 2P( - P) 
50 

SPa - P e = 2x .2 945x .7055 = . 09 2x . 425x . 575 = . 099 2x . 2805x .71 95~ 

z = 

= 1 . 00 

50 --5-0- 50 

( . -J- . t.F- -0 
. 099 

= -.707 

= . 190 

. • 27 -. 291) - 0 
. 09 

-- -. 213 
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5 0Pcision : 

Si c e • 00 ~ i . S, -. 707 and -. 3 are g r a er t. an - . 61.5 , 

we do no rP- J c :r.e nul ypo hesis . 

If unpool ed es ima of th standard rror is used , th e:n 

z = (Pa - Pe) - 0 

Pa{1 - Pa) +Pe ( - Pe ) 
na ne 

z = - 091 = . 003 = -. 07 =-.70 7 = -. 021 = -. 233 
. 090 7 ---:ci§g . 090 

Th two methods giv th e sam e answ e r b e cause na=ne, t hus 

poe ing does not a f fect th e re sul t. 

Adm i nist r ativ e Decision 

Based on the data from abov e, we conclud t hat th t wo 

proportions may be equal . Thes data do no t allow us to 

accept the alterna t iv e hypoth e sis . The mod e l pre dict i ons for 

198 1 are not so er off f r om th e ac t ual oroportio n s ; as such 

he mod 1 may be accepted for on t ansi ion or for one 

year e stimation, 

In testing the same hypoth esis at the 95% l e v e l of 

confidence, th e t e st sta i s tics r emain t he same , how e ve r 

the significanc e l e ve l chang e s to~ = 0 . 05 and th e decision 

rule also chang e s . 
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Decision rule 

If the computed alue of the test statistics , z, 

is greater than or equal to + 1 . 96 or less than or 

equal to - l . Y6 , we reject the null hypothesis (Ho) . 

Statistical Decision 

Since the calculated values , 1 . 00 , - . 7u7 , -. 233 

all fall witnin the given range , the decision of not 

rejecting the null hypothesis is Upheld . 

Administrative decision r emain.s the same . 

19 82 

Hypotheses: 

Ho : PEe =PEa , PCe=PCa , PWe=P a 

Hi : PEe * PEa , PCe*PCa , PWe~PWa 

Test sta tistics : Z = lPa- Pe) - 0 

I Pa (1 - Pa) +Pe tl - Pe) 
\; n 

Significance level : ... = . 10 

Decision rule : If the computed value of the test 

statistics, z, is greater than or equal. to +l.b45 or less than or 



\.. 

::--
- • • j J j he 

Calc ul- ions 

Pa . 352 

Pe .216 

n 50 

Eastern 

Z= ( . 35 2 -. 214, - 0 

= 

. 352( . 648)+ . 214( .786) 
50 

• 38 = 1. 55 
• 089 

Western 

Z= ( . 309-. 263 ) - 0 

. 309( . 691 ) +.263(.737) 
so 

S a ti s tic a l Decision 

. 338 

. 52 

so 

.309 

. 263 

50 

Central 

( . 338-. 523)-0 

. 338( . 662)+ . 523( . 477) 
50 . 

= . 185 = - 1. 89 
. 098 

= . 046 = 0 . 511 
:o90 

Since one of the calculated values , -1 . 89 is less than 

t he crit i cal - 1. 645 , we reject the null hypothesis at the 

si gnificance level ~ = 0 . 10 . 

Administrative Decision : 

Based on the above data , we conclude that the two 
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~ rop o r ons may no be ecua 

ca rr ~d out below o chech on 

.eve. o con~ioen ce . 

ow " r fu ther s a e o e 

PCision a a ~oh r 

At a 95,' leve o conf"dence , th test stati.s ics 

rema n the same , but the significance level changes to 

« = 0 . 05 and the decision ru e also changes . 

Decision rule : 

If the computed value of the test statistics , Z, is 

grea er than or equal to + 1. 96 or less than or equal to 

-1 . 96 , we reject the null hypothesis . 

Statistical decision 

Since th e calculated values , 1. 55 , - 1. 89 , 0 . 511 all fall 

wi thin the non r e jection range , that is between~ 1. 96 , we 

do not rej ect the null hypothesis at the significance level 

Cf. = . 05 . 

Administrative De cision 

Based on the above data , w conclud tha\.. tl• two 

o ro po rtions may be eaual . The data do not allou us to 

accep t thl!! alternative hypothe s is . The model predictions for 

982 are not so ar off from th e actual proportions observed 

at the confidence level of 95% as such he model may be 

accepted for two transitions or for two year forecast at 

95~ confidence level . 
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983 

ese s : 

Ho : PEe = PE a , PC = Cc.o , P .Je = P' a 

H : PEe = PEa , PCe 'f PC a , PW e :: PWa 

Test Statistics 

Z = (Pa- Pe) - 0 

~ Pa( 1 - Pa~+P o (1 - Pe) 

Signifi cance level : <X = . 10 

Decision Rule : 

If the computed value of the test statistics , Z, is 

greater than or equal to +1 . 64S or less than or equal to 

-1. 64S , we reject the null hypothesis at the . 10 significance 

level . 

Calculat'ons 

Eastern Central Western 

Pa • 338 . 36 • 301 

Pe . 200 . SS3 . 247 

n 50 so so 



= 

= 

[as ern 

. 118 = ~ . 56A 

. OP::-

estern 

z : ( . 301 -. 247) - 0 

,1. 301( . 699)+ . 247( . 753) 
~ 50 

Statistical pecision 

c 

)- 0 

~ - 36 

= -. 92 = - 1 . 959 
r . o Q 

= . 054 = . 607 
. 089 

Since one of the computed values of Z, - 1. 956 is less 

than the critic al - 1. 645 , we reject the null hypothesis at 

the significance level Q =0.1 0 . 

Admi nistrative Decision 

Based on the abov e data , we conclu de that the two 

p roportions may not be equal , however further t ests are 

carried out below to check on this decision at a higher le vel 

of confidence . 

t a 95, l evel of confidence he tes statistics remain 

he same , but the significance level changes to ~= . 05 and 

hus the decision rule also changes . 

Decis"o n Rule : 

If the computed value of the test statistics , Z, is 
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grea~er t an o_ equal to 1. 96 or l s thar. o. r-c:u-L ... 

oo hesL .. . 

Sinc e the calculated values of z, 1. 568 ,- .959 and 

. 607 , all fall within the non rejection , range , We fail to 

reject the nul hypothesis at the « =0 . 05 level of significance . 

Administ rative Decision 

From the above data , we conclude that the two sets of 

prooort·ons may be equal . These dat e do not allow us to 

accep th~ alternative hypothesis . The model pr e dictions 

for 1983 are not significantly different from the actual 

observed propor~ions , the model may be thus used f ~ prediction 

of the third year , or the hird transition . 

1984 

Hypo theses : 

Ho : PEe :: PEa , PC = PCa , Pwe = P a 

Hi : PE e = IlEa , PCe = PCa , PWa 'F Pille 

Test Statistics : Z = (Pa - Pe) - 0 

~Pa( 1 -Pa~+Pe( 1- Pe) 
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Decision Ru 

.. f th computed value o the test sta istics, Z, is 

gr a er than or qual to + . 645 or 1 ss than or equal to 

- .645 , we reject the null hypothesis , (Ho) at s·gnificance 

level of <X = • 0 . 

Calculations 

Pa 

Pe 

n 

z = 

:::: 

z = 

Eastern Central 

. 340 • 362 

. 195 . 567 

50 50 

Eastern 

( . 340-. 195) - 0 

. 34( . 66)+ . 195( . 805) 
50 

. 145 = 1. 667 
:87 

western 

( . '298-. 238) - 0 

,

1

1 . 299( , 702) •, 2 8( . 762) 
~ 50 

Jest ern 

. 298 

. 238 

50 

Central 

( . 362-. 567) - 0 

~ . 362( . 638~; - 567( . 433) 

= -. 205 = - 2 . 092 
. 098 

= • 060 = • 682 
• 088 
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Sta tis on 

Sinc e o c - ~n= cs~p ' ~d values of Z, . 667 and -2. C92 

a . grea er tnan 1.645 and _ess t an -1,645 respective y, 

ue rejec he nu 1 hypot esis at he significance level o 

a= . 1o . 

Adminis trative Decision 

Based on the above data we conclude that the two sets 

of proportions may no be equa , however , further tests a;e 

carried out below to check on this decision a t a higher level 

of confidence . 

At 95% level of confidence , the test stat istics remain 

he same , but the significanc e level changes to ~= . 05 , and 

~hus the de cision rule also changes. 

Decision Rule : 

If th e computed value of the test statistics , Z, is great r 

than or equal to +1.9 6 or less than or equal to - 1. 96 , we 

reject the null hypothesis . 

Sta tistical Deci sion 

Sinc e one of the calculated values of Z, - 2 . 092 is less 

t han - 1. 96 , we reject the null hypothesis a t t he significanc 

level «= . OS . 
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rrom t e above data , we conctu ha the two se s of 

Proportion s ray no be eoual. This implies hat the model 

fa 984 or fo fou ransitions has weake< pre ic ion 

power . 

This confirms the suspicion that as the powers keep rising 

or t e further away the predicted point from the starting 

poin t, the larger the difference between the predicted and 

the actual observation . 

Gen eral Conclusion 

The general conclusion for the tote enrolment model 

is that the model should be used with caution especially for 

long period forecasts . The model works well for the first 

three transitions an d starts to fail at the fourth transition . 

t is for this reason that the model is used to forcast for 

only three years . Such forecasts though short for long term 

pl anning are long enough for the short term planning purp~ses . 

3.3. 2 . 3 The Boys Enrolment Model 

( 1980) Tb e( 98 ) 
I 

' c ( c . 690 . nll . 36 [ 

( . 302 . 364 . 33ll) . 22 0 . 568 212 = ( . 382 . 362 . . 276) 

. 279 . 2ll9 , 672 



r.e( 98 ) 

E c 
. 690 

( . 382 . 342 . 276) . 220 

. 27S 

'--

( 198 2) 

. 690 

( . 416 • 329 . 55) . 220 

. 279 

e(1983) 

A .. 

. 7t 

• 568 

. 249 

. 74 

• 568 

. 249 

• 1 6 

• ? 2 

. 472 

. 136 

. 212 

• 472 

. 690 . 174 . 136 

( . 430 . 325 . 247) . 220 . 566 . 212 

. 279 . 249 . 472 

Year 

1981 

1982 

983 

1984 

Actual 

Ea 

. 3 4 1 

. 364 

• 342 

. 356 

Prooortions 

Ca Wa 

• 386 . 273 

• 3 9 • 317 

• 339 . 20 

4 . 3 0 

e( 982) 

E c 

= ( . 416 . 329 . 255) 

e(1983) 

= ( . 430 • 323 . 247) 

e(1984) 

= ( . 437 . 320 . 243) 

C: stimated Proportions 

Ee Ce We 

• 382 . 342 . 276 

• 416 • 329 . 255 

• 430 . 323 . 247 

• 437 • 370 . 343 

A com~arison o the ac~ual propor ions against the 

es ima e~ orooor ions fir3t a 90~ con i0ence lev 1 thDn a 

95p coni ence level . T i ~ is a test o the hypothesl_ about 

the dif erence between two sets of pooula ion proportions , the 

actual and the es imated . 
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y: o theses 

Ho : P·e: PEa , P C: e = PCa , P e = P a 

H : P e =t Ca , PCe t PCa , PI.J e t: P Ja 

Z = (Pa - Pe ; - o 

Pa(1-Pa ; +Pe( 1-Pe) 
na ne 

Significance Level : <X = . 10 

If the compu ted value o f the test statistics , Z, is 

greate r than or equal to ~ . 645 or less than or e qual to 

- . 645 , we re j ect t he null hypothesis . 

East er n 

Pa 

Pe 

na=ne:n 

: -. 04 = - ·27 
. 096 

• 341 

• 382 

50 

Calculations 

Central 

• 386 

50 

( . 386-. 342) - 0 

. 386( . 614) +. !J2( . 658) 
50 

= . 064: . 658 
. 096 

Western 

. 273 

. 255 

50 



We s ern 

( . " 73- . 255) - 0 

\ / . ? 73 ( . 777)+ . 255( . 765) 
\ 50 

, ,. , .) 

= • 205 

Since a l ca culated values f all within the non-

re j ection region ( ~ 1 . 64~, we do not reject the null 

hy pothesis . 

At the significance level~= . 05 : The decisicn rule 

c hanges to g eater than or equal to +1 . 96 or less than or 

e oual to - 1 . 96 . Thus even at this l ev e of significance , we 

do not reject the null hypothesis. 

Adm inist ative Decision 

Based on the data from above , we conclude that the two 

proportions may be equal . These data do not allow us to 

accept the alternative hypothesis . The model predictions for 

198 1 are no so far off from the actual proportions observed, 

as such the model is accep able for one transition or one 

yea r pred i c _on . 

1982 

_t :J Otne se s 

He : PEa == e , PCe = PCa , P\J a = PWe 

H I : PEa :t= ·E e , PCe ~ PCa , PWa 4: PWe 
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ics: Z = (Pa - iJe) - 0 
----~~~~ ~=====--------· 

~ Pa( - i' a) ~Pe( - Pe) 

..X= 0 . 10 . 

Decision Rule : 

• 

If the computed values of the test statis ics , z, is 

greater than or equal to +1. 645 or less than or equal to 

- . 665 , we re ject the null hypothesis . 

Pa 

Pe 

n 

z 

Calculations 

Eastern Central Western 

. 364 . 319 . 317 

. 416 . 329 . 255 

50 50 50 

f.entral 

= ( . 364 . 416) - 0 ( . 319 - .. 329) - 0 

~ • 3 6 4 ( • 6 3 6 ~ ~ . 4 1 6 ( • 58 4.1 

= - . 052 = -. 536 

. 319( . 681)+ . 329(.671) 
50 

= -. 01 = -. 106 
. 09li . 097 

Western 

( . 3 7 -. 255 ) - 0 

J . 3 1 7 ( • 68 3) +. 2 55 ( • 7 4 5 ) 
\j 50 

= . 062 = . 689 
. 090 
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Decision 

Since al the calculated values fall within the non

r ejec :ion egion ( ~1 . 665) we do not rejec the null 

,'PO esis ( o) . 

At the significance level (X = • OS , the decision rule 

c a nges to greate r than or equal to + 1. 96 o less than or 

e cual to - . 96 , thus even at this level of significance 

(95~ confidence level) , we do not reject the null Hypothesis . 

Based on the data from above , we conclude that the two 

proportions may be equal . These data do not allow us to 

a cc ept the alternative hypothesis . The model predictions 

o r 1982 are not so far off from the actua proportions 

observed , as such the model is accept_able for two transitions 

or for two years ' predictions . 

1983 

H po heses remain the same as above . 

Tes sta istics remain the same as above . 

s· gn ~i cance Level : (X = . 10 



( 9 

Qecis:on Rul e : 

f he compu e d va ues of he est s a istics , z, 15 

g eater han or equa l to +1 . 645 or less than or equal to 

. 665 , we reject the nul hypo e is . 

Calculations 

Pa 

Pe 

n 

z 

Eastern 

• 342 

• 430 

50 

= ( . 342 -. 430) - 0 

\ {.342(. 658) +.430( . 570) 
\1 50 

= -. 088 = -. 907 
. 097 

Western 

( . 320-. 247) - 0 

~ . 3 2 0 ( • 68 0 ) ; 0 2 4 7 ( • 7 53) 

Sta tistical Decision 

Cen ral Wes ern 

. 339 • 320 

. 326 . 2a7 

50 50 

Central 

( . 339 -. 326) - 0 

,I . 339( . 661)+ . 326( . 674) 
\J so 

= • 013 = • 138 
. 090 

= . 073 = . 811 
:o90 

This is uphe ld as in he above case (1982) . 

Ad ·ni5trative Dec·sion 

The model may be used to foreca t for ~e three years 

or hree transitions . 
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1984 

yoo ' 1 ~5 s remain the sc.me L: a~ove . 

T e~ ~ st~ istics r e main the same as bove . 

S · ani ficance Level : ()( = • 10 

Decisio n rule remains the same as above . 

Pa 

Pe 

n 

Calculations 

Eastern 

• 356 

• 437 

50 

Central 

. 334 

• 320 

50 

( . 334-. 320) - 0 

Western 

• 310 

. 243 

50 

• 563) ~1.334( . 666)+ . 320( . 680) 
\J 50 

=-. 081 = -. 835 
. 097 

Western 

= ( . 310-. 243) - 0 

\I . 310( . 690)+ . 243( . 757) 
\ so 

= . 014 = . 149 
. 094 

= .067 = . 753 
. 089 

S atis tical decision is upheld for 1984 as for 1983 . 

from the data above , the mode 1 may be used to predict far 

e cou rth year with reasonable measure of accuracy wi h 95% 

Confidence . That is the projecte d proportions are not 



so ciffe rent fro the observed oropor ions . 

3 . 3.2 . 4 The Girls EnrolJTl.ent . odel 

( 980) Tg 

r u • 566 . t;G6 . 028 
'--

{. 282 15 • 303) . 10 . 56.7 . 36.3 

• 108 . 90 . 702 

e(1981) . 566 . 406 . 028 

( . 238 . -399 .. 363) . 110 . 67 . 343 

• 08 • 190 • 702 

e( 1982) 

( . 218 • 38 4 

e( 1983) 

. 406 . 028 

. 547 • 343 

• 190 • 702 

• 566 • 406 • 028 

( . 209 . 374 . 417) . 110 . 547 . 343 

• 108 • 90 • 702 

y ar Actual Pro~ortions 

Ea Ca Ua 

981 • 3t,C . 395 . 265 

g 2 . 36 . 3F-O . -oo 

98 . 3 4 • 383 . 283 

984 . 323 . 391 . 286 

e( 981) 

E c w 

= t . 2 38 • 399 • 363) 

e(1982) 

= ( . 218 . 384 . 398) 

e{1983) 

= ( . 209 •• 374 . 417 , 

Qe(1984) 

= ( . 204 . 369 . 427) 

Estimated Proportions 

Ee Ce We 

• 238 . 399 . :!63 

. 2 8 . 384 . 7.9 

. 209 . 374 • 4 7 

. 204 . 36° . 427 

" comparison of the actual proportions against the 
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es _mated oroportions , firs .. at 90',> confidence level then 

a 95o con~idence level . This is a ~est of the hypothesis 

aoout he difference between two sets of population 

prooor ions , tre ac ual and he estimated . 

1981 

H ;:>otheses : 

Ho : PEa = PEe , PC a = PCe , PWa = PlJe 

'-! I : PEa =t PEe , PCc: :4: PCe , PUa :f PWe 

z = !Pa- Pei - O 

' Pa ( - Pa) +Pe(1 - Pe) 
n 

Signi icance Level. : ex = : 10 

Decisio n Rule : 

If the computed value of the test statistics , Z, is 

greater than or eoua l to +1.6q5 or less than or equal to 

- . 645 , we reject the null hypothesis (about equality, 

between the actual and the model predicted p roportions) . 

Calculations 

Eastern Central Western 

~a • 340 • 395 o265 

~e 0 238 • 39 o 3o3 

n 50 50 50 



z = ( . 340-. 238) - 0 

\ . 3 0~ . 6 60) +238( . 762 ) 
50 

= • # 02 = . 33 
. :J90 

Wes ern 

( . 265-. 363) - 0 

. 735,+ . 3o3( . 637) 
so 

St a tistical Decision : 

73 

( . 395-. 399) - 0 

~ -

= 

-. 098 
. 092 

95' . 605)+399( . 601) 

-. OOt• = -. Oa 1 
. 0 98 

-1. 065 

Since the calculated values above fall within the 

non - rejection region (~ 1. 645) , we do not reject the null 

hypothesis at the 0 . 10 significance level . 

At the higher significance level~= . 05 , the decision 

~ule changes to greater than or equ al to+ . 96 or less than 

or equal to - 1. 96 . The decision above is thus uphe1d even 

a t this significance level . 

Adm inistrative Decis ion : 

Based on the da a - bove, we conclude that the two 

;J roportions may be e a ual. These da e do not allow us o 

acce~ t t e alternative hypothe s is . The mod el predictions 

ca r 981 are not so ar off f om th~ actual proportions 

oose:ved , CJS su::h thP merle~ i s accep table for one tr nnsi ~inn 

or fo - one year predictions . 
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982 

yootheses remain the same as above (fo r 981) 

Tes s a tistics also rem ain the same as for 1981 . 

Signif1cance L.. evel : ex= . 10 , CX = . 05 

Deci sion Rule : 

If the computed value of the test statistics , Z, is greater 

t an or equal to +1 . 645 or l ess than or e aual to - 1 . 645 at 

t he 0 . 10 significance level then we reject the null 

hyoothesis . If the value of Z is greater than or equal to 

+ . 96 or l e ss than or equal to - 1 . 96 at the 0 . 05 significance 

level , th en we rej ect the null hypothesis at this 

significance level . 

Calculations 

Eastern Central Western 

Pa • 340 . 360 . 300 

Pe . 218 • 384 . 398 

n 50 50 50 

l = ( . 340 -. 218 ) - 0 ( . 3 E 0 - • 38 a ) - 0 

. 3 4 0 ( • 660) + . 2 8( . 782) ~ . 360( . 640l + · 384~ . 6 6 ) 

50 50 

::: 22 = 1. 37 = -. 026 = -. 247 . -:o1J7 :-oB9 



:: . 300-. 398) - 0 

decision 

= - .(,_8 = - 1 032 
. 095 

Since . e calculated values all with"n the non -

rejection region ( ~ 1 . 645) at the significance level a.= 0 

and a so at the significance level 0. =· 05 that · s ::!: 1. 96 . 

' e do not reject the null hypothesis at both levels . 

Administrative Decision 

Bas e d on the da t a above , we conclude hat the two 

proportions may be e qual . The model predicti ons for 1982 

a r e t her efor not so far off from the actual observer. 

propa rtions , as sue the model is acc ~ ptabl for two y ar 

transition or for two year p:ojections . 

1983 

Yypotheses remain the same as ~bove (1982) . 

Test statistics ~lso remain thP s8me , 

Sig nificrlnce Level : = • o, a. = • ns 

De~ is " on rules re ~in t h~ ~ ~me as ~bove f <X= . 1'1 an::J 

~so orO<= . OS 



Pa 

Pe 

n 

z 

7 

Calcu:,Jions : 

(as ern 

Eas Prn 

. 209 

50 

= ( . 336-. 209) - 0 

\ 1 . 336( . 666) +. 209( . 79 
\j so 

= .12 5 = 1 . 42 
. 088 

Western 

( . 28 3-. 417) - 0 

'l . 283( . 717)+ .4 17( . 583) 
\J 50 

-----

.... e L~.:-f ----
. 383 . 28, 

. 3 76 • 417 

50 50 

Cen r 1L 

( . 383- . 76 ) - 0 

. 383( . 617) +.376 ( . 62 
~ 50 

= . 009 = . 093 
. 097 

= -. 134 = - 1.42 6 
. 094 

Statistical Decision 

Si n c e the computed value s of Z fall within the non . 

rej e ction ranges (~ 1.96 ) , we do not reject the null 

hypothesis. 

Admini strative Decision : 

Based on the data above , we conclude tha the two 

p opor t ·ons may be equa • ese data do no zllow us to 

accep t the al ernative hypo hesis . The model predictions 

or 1983 are not so far off from the actual observ ation . 

The model is thus accep able cor three ye~rs pre dictions 
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o o r three ransit·ons . 

98l: 

ypo heses re ain the same as above 

es s atistics also remain the same . 

Sign"ficance Level : D.= . 10 , (X_= . 05 

Decision Rule : 

If the computed values of the test statistics , Z, is 

greater than or equal to +1. 645 or less than or equal to 

- 1 . 645 at the 0 . 10 significance l~vel then we reject the 

null hypothesis . If the value of Z is greater than or equal 

to +1 . 96 or les s than or equal to - 1 . 96 at the 0 . 05 

significance level , then we reject the null hypothesis at 

this level of significance . 

Calcualtions 

Eastern 

Pa . 323 

Pe . 204 

n 50 

z = { . '2~- . 204\ - 0 

= 

• 323( . 677) -+.·206( . 796 ) 
50 

• 119 = J . 368 
:087 

Central Western 

• 391 . 286 

• 369 • 427 

50 so 

( . 3n - . 369)-0 

. 391( . 609)+369( . 631) 
50 

. 022 = . 227 . 

. 097 



4)+ . 427( . 573) 
50 

78 

= - . 1 1 :: - • 46 
. 0 9 5 

Since the calculated values of z_ fall within the 

relevant ranges(,:!: 1 . 645 and+ 1 . 96) , we do not r.::ject the 

nul hypo hesis at 0 . 10 . level of significance and a t 0 . 05 

evel of significance respectively . 

Administrative Decision 

From the above data the model is acceptable for the 

prediction of the fourth year or upto the fourth transition , 

because the two proportions(actual and predicted) may not 

be different . 

3.3.2 . 5 Conclusion 

The three models built in tnis sec ion for the total 

enrolment _ the boys nrolment anc the girls enrolment are 

validated above . The validation showed t~at for the latter 

two , the ffiOdel m y be used to predict upto the fourth year 

fro m the prediction pain~ and hPre wou d bP no sla slica 

difference be ween the actual and the estima ed proportions . 

For the total enrolmen , however , the model ~an orly be used 

to predict upto the third year from the pre iction pain 
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witrout any statistical dif erence be ween the actual and 

he estimated difference . 

It is necessary to note that the tests performeo on 

t he model are only statistical and hence have the inherent 

statistical tests assumptions and limitations . 



SOCTia FOUR 

RESULTS OF THE APPLICATIO OF THE MODEL 

The Model developed and validated in the last section 

is used with the demand proportions for 1989 to predict 

de mand proportions for 1990 , 1991 and 1992 . 

4 . 

D:mland proportions 

for 1989 : 

Eastern Central estern 

( . 302 • 387 • 311) 

Forecasted Proportions 

for 1990: 

( . 235 . 491 • 274) 

Forecasted Proportions 

For 1991 : 

( . :l09 . 538 . 235) 

Transition Matrix 

. 52 

. 12 

. 10 

T 

. 37 .11] 
• 78 . 10 

. 25 • 65 

T 

. 52 . 37 .111 

. 12 • /8 . 10 

. 10 . 25 . 65 
__/ 

T 

~1 
.1o I 
~ 

Forecasted ceman 

Proportions for .l990 

J::astern Central ~'estern 

( . 23 . 491 • 214) 

Fomcasted Demand 

Prop:>rtions for 

1991 

(. 209 . 538 . 253) 

Forecasted Derrand 

Proportions for 
1992 

( .1Y9 .560 . 241) 

The results of the Model application shows that in 1990 

24 % of the total standard one demand in Nakuru municipality 

will be in the Eastern Zone . In the same period , 49 % will 

be w the Central ZOne while 27% will be in the \-Estern Zone . 
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In 1991 , 21% of the standard one demand will be in the 

Eastern zone , 54 in the Central zone and 2~% in the ~ estern zone . 

In 199~ , only about 20% of the demand will be in the Eastern 

rone , 56% in the Central zone while the t.Vestem zone will have 

24 of the demand • 

.., • 2 THE BOYS DE:r- ND FOR STAN'[)A.RD ONE 

Ianand Proportions 

for 1989 Transition Matr~x 

Eastern Central ~restem Tb 

. 690 . 174 . 136 

( . 323 . 340 • 337) . 220 . 56ts . 212 

• 2/9 • ~49 ·S 
FOrecasted Proportions 

'1' 
for 1Y90 

b 

- .ii"l E c w . 690 . 174 

{. 392 . 333 • 2 /5) . 220 . 568 . 212 

. "279 • 249 . 472 

Forecasted Proportions 

:or 1991 Tb 

,---
E c w . 690 . 174 . 136 

( .4~0 . J26 • 254) . ~20 . 568 . 212 

. 279 . 249 . 472 

Forecasted Demand 

Prop:>rtions for 1990 

Eastern Central western 

( • 39"2. • 3J3 • :n5 ) 

Forecasted Demand Propor

for 1991 
E 

~ . 420 

c 
• 326 

w 
• 254J 

Forecasted D:mland Pro-

portions for 1992 

E c w 
( . 43"2. . 3"2.2 • .l46 J 

'lhe results of the rrodel application sha.Ys that in 1990, 39 of 

C1e boys will demand to be enroled in Eastern zone , 33% ~n the Central 

rone and about 28% in the Western zone . In 1991, 42% of the boys will 

~d to be enroled in the Eastern zone , 33% in the Central zone and 

25% in the Western zone. In 19Y2 , 43% of tne boys will demand. to .be 

enro1ed in the Eastern zone , 32% in the Central zone 

and 25 % in the Western zone . 
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4. J '!HE GIRLS Ol:' D roR STA!!DARD ONE 

Derr. d Prop:>rtions 

for 1989 
Transition Matrix Forecasted Demand 

Proportions for 1990: 

Fastern Central -Jestern 
Tg ---.. East ern Centra l \estern 

. 566 . 406 .02B 

(.285 . 427 • 288) . 110 . 547 • 343 = { . 239 . 404 • 357) 

. 108 .190 . 70"2 ...._ -' 

Forecasted Proportions Forecasted r:.emand 

for 1990: T Proportions for 1991 : 9 

[: ·~ ·~ 
( .239 . 404 • 357 ) 0 . 547 • 343 = ( . 21B . 3B6 • 396) 

8 . 190 . 702 
'----

Fbrecasted Proportions Forecasted Damand 

for 1991: 
T Proportions for 1992 g 

-----. 
.566 . 406 .028 

(. 218 • 386 • 396) .110 . 547 , 343 = ( . 209 . 375 • 416) 

. lOB .190 . 702 

The results of the model application shows that in 

1990 , 24 % of the girls will demand to be enroled in the 

Eastern zone , 40% in the Central zone and 36 % in the 

~estern zone . In 1991 , 22 % will demand to be enro1ed 

in the Eastern zone , 39 % in the Central zone and 39 % in 

the Western zone . In 1992 , "21 % will demand to be 

enroled in the Eastern Zone , 37 % in the Central zone 

and about 42 % in the Western zone . 
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OF RESULTS 

Table 4 . 1 : Total Demand for Standard One 

Zone Ex:eected Demand in 

1990 1991 1992 

Eastern 24 % 21% 20% 

Central 49% ~4% 56% 

Western 27 % 25 % 24 % 

Total 100% 100% 100% 

Table 4 . 2 : Boys Demand for Standard One 

Zone EXJ2eCted Demand in 

1990 1991 1992 

Eas tern 39% 42 % 43% 

Central 33% 33% 32% 

Western 28% 25 % 25 % 

Total 100% 100% 100% 

Table 4 . 3 ; Girls Demand for ~tandard One 

Zone Ex2ected Demand in 

1~90 1991 1992 

Eastern 24 % 22 % 21 % 

Central 40% 39 % 37% 

Western 36 % 39% 42% 

Total 100% 100% 100% 

Expected long 
run Demand 

9% 

59% 

32% 

100% 

Ex:eected long 

run Demand --
51% 

31% 

18% 

100% 

Exeected long 

run Demand 

16% 

23% 

61 % 

100% 



SECTIO FIVE 

5 . 1 S~ MARY 

The study set out to represent the standard one 

enrol~ent in akuru Municipality as a Markovian proress 

and to use the Markov chain process to forecast the 

demand for standard one for the years : 1990 , 1991 and 

1992 . The forecasts are needed for murncipal school 

administration and planning purposes . 

By treating the movement between the different 

zones of the municipality as transitions , a Markovian 

model of the system was developed which was used to 

estimate the future enrolment proportions within the 

zones . The results of the study show that for 1990 , 

about a half of the total standard one demand will 

be in the Central zone , while the Eastern and the 

Western zones shall share the rest , with the Western 

zone demand slightly higher than the eastern zone 

demand . More or less the same conditions shall prevail 

in the 1991 and 1992 , with each successive year ' s 

demand rising in the central zone while the demand for 

t h e other zones fall accordingly . In the long run , 

when the system will have reached a stable state , 

about 60% of standard one demand will be for the 

central zone, 10% for the eastern zone and 30 % for 

the western zone. 
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In 1990 , about 39~ of the boys will demand to be 

enrolled in the Eastern Zone , 33 in central zone and 

28% in the estern zone . These proportions will increase 

to 42 , remain the same at 33 and increase to 25 % in 

1991 for the eastern , central and western zone respec-

tively . In 1992 , the demand of the boys for the 

eastern zone will be 43 %, 32 % for the central zone 

and 25% for the western zone . Most of the boys demand 

for standard one will therefore be concentrated in the 

eastern zone followed by the central zone ; which would 

demand about a third of such places . In the long run , 

vlhen the system will have reached a stable state , about 

a half of the boys demand would be for the eastern zone , 

a third for the central zone and the rest for the 

western zone. 

The demand of the girls for standard one will be 

40% in the central zone , 24 % in the eastern zone and 

36% in the Western zone for 990 . The proportions will 

change by 1991 , so that about 39 % of tl e girls will 

prefer the western zone , while 39 % will prefer the 

central zone and 22 % the eastern zone . By 1992 , the 

western zone percentage will have increased by 42 % 

vlhile the central zone will have dropped to 37% and 

eastern to 21%. In the long run therefore, when the 

system will have reached a stable state , most of the 

gir~s (61%) or about two-thirds (2; 3) of the girls 

would demand to be enroled in standard one in the 

1estern zone ; followed by the central zone which would 

be demanded by about 20 or a fifth of the girls . 
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An interesting observation is tnat while most of the 

t otal demand for standard one places will be concentrated 

i n the central zone , the boys demand for standard one 

places will be concentrated mainly in the eastern zone 

•;hile the girls demand will be concentrated mainly in 

the restern zone . The available information does not 

seem to explain this phenomenon , consequently further 

research to find why this prenomenon occurs is 

recommended . 
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5 . 2 

From the above ooserva~ions , most of standard one 

demand will be for the central zone . It has to be noted 

that the central zone includes t h e town centre and the 

b siest parts of a k uru town . Wit h t he observation 

aoo e , the 1unicipality has to act f ast to be able to 

meet the standard one demand for t h is region . One of 

t h e possible ways of doing this is to expand the exist

ing schools in this area by , say , erecting storied 

c lassrooms , removing structures ne a r such ~nstitutions 

t o create room for sportsground and such type of 

actions that would ensure that adequate resources , 

about a half needed for standard one , are concentrated 

in the central zone . 

The admin istrative effort of the Municipal council 

o f akuru education department should be concentrated 

i n the central zone , as this is where demand for 

standard one and poss~bly the otner classes is greatest . 

Other resources like time , personnel , equipment and 

money should be apportioned such that the central zone 

receives more than the other two zones . 

For the short planning perioa ( 1 ~90- 19 ~ 2) , about 

SO of the resources should be in the central zone , 30% 

in the western zone and 20% in tne eastern zone . These 

ratios should be changed in the long- run to about 60% 

~n the Central zone , 30% in the western zone and 10% 

in the Eastern zone . 
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One of the possible reasons why the demana for 

standard one is concentrated near the town centre is 

that most offices and workplaces are in the town 

centre itself , parents therefore find it convenient 

to drop their young children (six or seven year olds) 

to schools near their offices . The unicipality can 

discourage this indirectly by allocating no more land 

in the town centre for offices , so that the the town 

expands outwards . 'l'he Municipal council can also charge 

higher rates and rents for such areas than the other 

areas and discourage the coming up of new office structures, 

Sorre residential estates within the central zone like 

the Langalanga area are densely populated than most 

residential estates within the Western and the 

Eastern zones . To correct this imbalance , as far 

as standard one enrolment is concerned , the Municipal 

can provide safe school transport from such estates 

to the eastern and western zones , so that fear of 

transport problems does not force parents to enrol 

their young children only in schools near their homes . 

The recommendations above can be useful both for 

the short planning period (as the one used in fore

casting with the above Model) or the long planning 

period . A simple definition of planning is : "deciding 

in advance what to do , when to do ~t , now to do it, 

where to do it and who to do it" • Taking this sirlple 

definition in relation to the Municipal education 

department , the "what" may be known , say expand 
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classrooms for stan ara one, wnen? , say for the coming 

three years or five years planning period , how? say 

by allocating a certa~n proportion of their buaget 

to this purpose and by who? , say, calling tenders 

from various constructors and whoever qualifies to 

get the tender . A difficult quest~on to anwer , usually , 

is, where? This is not accidental but is due to the 

fact that the Municipality is so large and each 

area or even each school needs more resources . Usually 

each school sends requests for what it needs . \Vhen 

going through the unicipal records , one finds so 

many requests for each month, .some of which are 

repeated month after month , implying that they are 

never answered in time lif at all) . One therefore 

realises they are dealing with a typical s~tuation 

of limited resources . Like most other towns , akuru 

faces the problem of allocation of limited resources 

among the rivaling needs of its residence , like 

education , health , security and housing. The Model 

above can help the Municipal1ty in answering this 

universal economic question of resource allocat~on. 

By ~nd~cating the proportions likely to be enroled 

in the different areas , the ~unicipality can apply 

similar proportions to allocate the resources . 

The long run (steady state) proportions show 

what the posit~on would be in a very long time to 

come , if the system is not interfered with . It 

shows a possible gross imbalance in the deman d 
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for standard one within the different zones . T is 

nowledge can help the unicipality to look for ways 

in which to redirect this imbalance oefore it actually 

occurs . ew attractions may be set up in tne Eastern 

zone for instance to encourage people to move into 

this area . Such actions may elp spread out of 

people more uniformly and thus spread out development 

in the long run . By trying to identify reasons why 

the demand for standard one would shift to the central 

zone , the Municipality can then make the Eastern and 

weste rn zones also attractive to lure demand into these 

areas . 

The Model can also be used to allocate more of 

those facilities peculiar to gir~s in the ~estern zone 

and more of those peculiar to boys in the Eastern zone, 

thus ensuring that they are allocated where the need 

is likely to be felt most . 

LIMITATIO S OF THE STUDY 

The study was liwited to standard one enrolment 

and the results may not apply for the other classes . 

Certain data for this study were not easy to obtain; 

indeed the demand for standard one in the Municipality 

has never been recorded in the past. The only data 

kept from 1969 to 1988 were the actual enrolment 

within the different zones . The model was therefore 

built with the actual enrolment rather than the 

demand . This limits the study to the extent that 
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t e demand is assumed to behave in a similar way to 

the actual enrolment . 

Time allocated to the study was too s ort to 

allow for more intensive analysis of the data , and 

t is contrained the study to some extent . 

SUGGESTIONS FOR FURTHER RESEARCH 

Any further research could address itself to : 

(a) Finding out why the standard one girls and 

boys in akuru Municipality tend to demand 

the Western and Eastern zones respectively . 

(b) Finding out how the Municipality can ease 

the unequal demand facing the different schools 

within the same zones . 

(c) Similar studies for the other primary school 

classes within the Municipality and even for the 

other ur ban areas like Nairobi . 

(d) The whole of education system within a Muni

cipality for instance , by taking enrolment within 

a particular year , say , 19~0 , until they graduate 

in 1988 , to find out : 

{i) actual movements from zone to zone 

lii) dropout ratios among the girls , boys 

and the two combined . 

(iii) staying ratios , that is the probability 

that a pupil will graduate from the 

system and such other enrolment related 

factors . 
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APPE DIX 1 

Schools 1n the different zones 

Eastern Central ~estern 

Bondeni Baharin1 Freehold 

Crater Flamingo Harambee Khalsa 

Gilani* Kaloleni* Heshima 

Hyrax Kimathi Hill special* 

Jamhuri Langalanga Kaptembwa 

Kisulisuli oi Kariba Road* 

Lanet Mwariki Kenyatta 

Len ana gala special* Koinange 

Lions* Mama gina 

Madar aka Pang ani Mliman1 

Menengai Pra1rie Muslim 

NaJ<uru St . Mary • s aJ<uru ~est 

Nakuru East St . Paul ' s Prisons* 

St . Theresa's St . xavier ' s St Joseph • s 

Uhuru 

* Gilani was closed down in 1984 because the area 

where it was situated was not suitable . 

* Lions is a school run by the Lion's club of 

akuru and does not fall under the Municipal 

Council administration directly . 

* Kaloleni was started in 1989 

* Prisons was started in 1989 

* gala is a special school for the cteaf 

* Hill tor Nakuru Hill) is a s cial s~hool for the 

mentally handicaped . 

* Kariba Road was started in 1Y89 
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APPE DIX 2 

Standard one enrolment between 1969 to 1988 

EAS'l'ER CE TRAL vJESTERN 

_£: R B G T B G T B G '1' 

_969 247 1~8 435 212 265 477 233 173 406 

70 336 30b 642 219 252 471 166 142 308 

71 303 262 565 280 226 506 236 329 565 

72 440 349 789 306 328 634 280 239 519 

73 461 425 886 337 J66 703 293 27"1.. 565 

74 ~29 ~20 1649 776 804 1580 606 524 1130 

75 610 5 tl2 1192 554 :>52 110b 430 38J 81J 

76 661 ~82 1243 546 609 11~5 524 410 9 J4 

77 420 35"1.. 77/.. 48tl 34:.! 830 373 520 893 

7'd 418 384 802 480 346 826 428 561. 989 

79 86 486 972 611 437 lo48 Sol 64~ 1146 

80 582 529 llll 702 7BO 1482 b43 569 1212 

81 688 676 1364 7tlo 7tl4 1!:>64 552 'J27 lo79 

82 784 676 1460 6~8 714 1402 b82 !>98 .l28o 

83 666 0 33 1299 660 727 1387 623 ~36 1.151;1 

84 724 625 1349 6 79 756 1435 b29 !:>53 1182 

85 702 651 1353 62B 584 1212 9b3 6B4 1J77 

B6 634 612 1246 600 606 1206 679 7o!> 13tl4 

87 673 619 1292 6b9 6b2 1J31 Bo5 /25 153o 

88 599 583 l.18L. 66J 684 1347 963 817 1/80 

B - Boys 

G - G1r1s 

'1' - Totals 
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APPE DIX 3 

Proportion (of the TotaJ.s) enroled within 

the zones from 1969 to 1Y88 

YEAR EASTERN CE TRAL WESTER 

19o9 • 330 • 36~ • 308 

70 • 4 ::>2 • 331 . 21.7 

71 • 34 5 • J72 . 282 

72 . 406 • 326 . 267 

73 . 411 • 3L6 . L62 

74 . J78 • 362 . 259 

75 • 383 • .:!58 . 261 

76 • 374 • 346 . LBO 

17 • .:!09 . 404 . 21:>7 

71:> • 306 • J98 . 2Y6 

79 • 307 • J97 . 296 

80 • 340 . 3LO • .:!40 

ts1 • J 40 • 390 . 210 

82 • 352 . 3.:!8 • .:!09 

1:>3 . 338 . 361 . 301 

84 . 340 • 36L . 298 

85 • 34 3 • .:!33 • 324 

86 • 325 . 340 • .:!35 

87 . 311 • 336 • 3~3 

81:> . 274 . 313 . 413 
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APPENDIX 4 

ProEortion of the bo~s enro1ed within 

the zones from 1Y69 to 1Y88 

EAR EASTERN CE T RAL \-JESTE R 

1969 . 35 7 . 306 . 33 7 

70 . 466 • 304 . 230 

71 • 370 • 342 . 2t$8 

72 . 4~9 . 298 . 273 

73 . 423 . 309 . 269 

74 • 375 • 351 . 274 

75 . 383 • 34 8 . 278 

76 • 382 . 315 • 303 

77 . 32 8 . 381 . 291 

78 . 315 • 362 • 32 3 

79 • 304 • 362 • 314 

80 • 302 • 36 4 . 334 

81 • 341 • 386 . 273 

82 • 36 4 • 319 . 317 

83 • 34 2 . 339 . 320 

~4 • 356 • 334 . 310 

85 • 34 7 . 310 . 343 

86 . 331 • 314 • 355 

87 . 313 • 312 • 375 

8ts . 269 . 298 . 433 
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APPE.DIX 5 

Proportion of the girls enroled within 

the zones from 1969 to l98B 

EAR EASTER CE TRAL WESTERN 

1969 . 300 . 423 .2 76 

70 . 437 • 360 . 203 

71 . 321 . 277 . 403 

72 . 3Bl • 358 • 261 

73 . 400 • 344 . 256 

74 .3 82 ,. 3 74 . 244 

75 . 384 • 364 . 252 

76 . 2b5 • J80 . 25b 

77 . 290 • 2!:i2 . 428 

78 • 2 79 . 26B . 435 

79 . 310 • 2 79 . 411 

80 • 2 82 . 415 . 303 

81 . 340 • 395 . 265 

82 .J 40 • 360 . 300 

83 . 334 , 383 . 28J 

84 . 323 • 3Yl . ~86 

85 . 339 • 304 . 3:,6 

86 . 318 . 315 . 367 

87 • 309 • 330 • J6l 

B8 . ~80 . 32B . 3Y2 
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7 

Demand for standard one in the 

different zones in 198~ 

To t als 

In nurrbers: 

As percentages : 

~ 

In nurrbe.rs : 

As Percentages: 

Girls 

In nt.l!'!bers : 

As percentages : 

Eastern 

1075 

30. 2% 

Eastern 

533 

32 . 3% 

Eastern 

542 

28. 5% 

Central 

1375 

38. 7% 

Central 

562 

34% 

Central 

813 

42 . 7% 

\estern 

1104 

31.1% 

\>Jestem 

556 

33. 7% 

Western 

548 

i8 . tS% 

Total 

3554 

100\ 

Total 

1651 

100% 

Total 

1903 

100% 
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