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ABSTRACT

This study focused on the variation in the regional
distribution of some socioceconomic services in Ethiopia., The
paper also attempts to compare different natures of regional
variation which were obtained on the basis of socioceconomic
data for the year 1979 with the natures of vregional
variation obtained on the data of the same sort for the year

1989 .

Some Uni-variate descriptive measures and a
multivariate method called cluster analysis were used to
study the variation among regions. The six clustering
procedures that are generated by a common algorithm

( Wishart (1969)] were applied to investigate the natures
of regional disparities in their sociceconomic status for
the year 1979 and the year 1989. Different natures of
regional variation for changes in sociceconomic
characteristics of regions were also studied by applying six
clustering procedures on the ratios the characteristics of
regions in the year 1989 to that of the year 1979 .

Some conclusions were drawn on the basis of regiocnal

characteristics considered. Recommendations were also made

to indicate some possibilities for future work in the area

e n b oo bl B




INTRODUCTION

1.1 STATEMENT OF THE PROBLEM

In many countries of the world there are reéions which
are at different levels of economic or socioeconomic
development. Due to variations in area, population size,
fertility of soil, the availability of water resources and
climatic conditions, some regions may be in a better status
than others. There may also be regional variations in the
distribution of some socioceconomic services such as primary
schools, junior secondary schools, senior secondary schools,
health c¢entres, health stations, hospitals, industrial

establishments, transport and communication services, etc.

This problem has a long existence almost all over the
world. For example, 1in 1959, the Brazilian northeast
contained 25 percent of the country’s population but only 10
percent of its income. The southern states, on the other
hand, accounted for 35 percent of the population but 50
percent of the naticnal income. In Canada the Atlantic
region, consisted of 11 percent of the national population,
while the region produced less than 6 percent of the gross
national product during 1958 [Chaudhry (1971)]. France,
Italy and America have the problem of regional disparity

which they call ‘North-socuth’ problen.
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The question of regional disparity 1is also a
considerable problem in Ethiopia. There are regions which
may have dquite different socioceconomic status. The
differences may be in educational, health, transport and
communication services, etc, If these services and other
econonic variables are believed to gauge the relative level
of development of regions, then equitable regional
distributions of these characteristics is really essential

to keep the balanced status of regions.

1.2 OBJECTIVES OF THE STUDY

The socioeconomic status of a given region at one
particular time may be similar to the status of another.
This similarity in socioeconomic status may change from time
to time. Regions which were similar at one particular time
may not be similar at another period of time due to the
differences in the change of socioeconomic characteristics.
These differences in the <change of socioecononic
characteristics must receive special attention, otherwise
the disparities among regions may in fact become much
greater than the existing disparities. Therefore one has to
study the extent of regional variation in sociocecononmic

performance.




SR TR fans Rk B & S s NP o

3

The main purpose of this study is to indicate the
degree of similarity among regions of Ethiopia by applying
some statistical measures on socioeconomic data of the years
1979 and 1989 then to compare the structures of similarity
in the socioeconomic performance of regions for the two
specified years. Moreover we shall classify the regions
according to similarity in change of some socioeconomic
variables, Therefore the specific objectives of this

particular project are to

(I). assess the similarity among regions on the
socioeconomic characteristics in 1979 .
(II). assess the similarity among regions based on
the sociceconomic characteristics in 1989 .
(I1I). see if there is a change in the structure of
similarity among regions based on (I) and
(I1).
(IV). investigate the extent of regional
similarity in the changes of socioeconomic
characteristics in the ten years time 1979-

i9g9 .

The central government should keep balanced regional
growth by providing closer assistance and support to the
relatively less developed regions. While it can be argued

that backward regions on account of inequitable distribution
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of health stations, schools, hospitals, communication
facilities, etc. deserve a relatively more central

government support, it is equally important to consider that
better off regions should not be punished as such regions
contribute the lion’s share to the revenue. A strong bias,
may thus create not only:  political problems, but also
economic inefficiency . To overcome such problem planners
may participate in regional allocation of development grant.
Therefore, it is expected that the final result of this
paper may serve those planners who have a participation in
the study of regional allotment of development grant. It is
believed that it may give them a highlight of the past and

present status of the Ethiopian regions,

Chapter two deals with sources ana an overview of the
data used in this thesis. Chapter three is devoted to the
description of procedures, methods and underlying concepts
that could be applied in the study of regional similarity.
The results of the study are given in Chapters four and
five., Chapter six is confined to discussions, conclusions

and recommendations.
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CHAPTER II
SOURCES AND AN OVERVIEW OF THE DATA

2.1 SOURCES OF THE DATA

The socioeconomic data that are utilized in this paper
are obtained. from various statistical abstracts and
statistical bulletins which are produced by the Central
Statistical Authority, the Ministry of Education, the
Ministry of Health especially Planning and Programming
Bureau of the Ministry and the Ministry of Planning and
Economic Development. The data obtained from the above

sources are attached to the paper as Appendices I and II

2.2 OVERVIEW OF THE DATA

The main problem in obtaining the regional data is the
classification of administrative regions. Different
governments put the size and structure of administrative
regions in different ways. Therefore, the regional data
which were obtained before ten years may not be comparable
with the present regional data. The classification of

regions used in this study is as follows:

1, Arsi 5. Geonder 9, Sidamo -
2. Bale 6. Harerghe 10. Tigray
3. Gamogofa 7. Illubabor & Kefa 11, Welega

4, Gojam 8. Shewa 12. Welo
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The number given in front of each region will be used
as a code for the region throughout this paper. Illubabor
and Kefa were taken as one category since the data for the

two regions were inseparably mixed in 1989

It was originally planned to consider more
socioeconomic variables in this study. For example, total
employment in the public (state-owned) and in private
sector, population supplied with potabkle water, population
supplied with electricity, educational structure of
government and public sector employees and the number of
professionals (by type of gqualifications) and employment in
manufacturing industries., However, dictated by data
constraints we will wuse only nineteen socioeconomic

variables.




CHAPTER IIT
PROCEDURES AND METHODS OF DATA ANALYSIS

3.1 PROCEDURES

The variables were originally in the following form for

each region.

¢ Hospital beds - the number of hospital beds in each
region,
¢ Telephone lines - total number of telephone lines in

each region.
¢ Length of roads - total length of roads in kilometres

in each region and so on

We will use these variables to cluster regions into
groups that are relatively homogeneous with respect to these
variables. However, regions differ on the basis of these
variables simply as functions of their populations, areas or
part of populations to which particular service is rendered.

We, therefore, re-scaled the variables in the following way:

Y, = Hospital beds per 10,000 population

[

Y, Length of roads in kilometres per 1,000 sgquare

kilometres.

1l

Vs Percentage of urban population
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Y4
Ys
Yo
Y7

Ys

Yo =

Yio
Yu
Y
Y3
Y
Yis
Yis
Yi7
Yis

Yio

Number

Number
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of telephone lines per 10,000 population

of post offices per 10,000 population

Number of health stations per 10,000 population

Number of health centres per 100,000 population

Number of hospitals per 1,000,000 population

Number of medical doctors per 100,000 population

Number

Number

of nurses per 10,000 population

of health assistants per 10,000 population

Primary school teachers per 1,000 pupils

Primary schools per 1,000 Pupils

Junior
Junior
Senior
Senior
Number

rural

secondary school teachers per 1,000 pupils
secondary schools per 1,000 pupils
secondary school teachers per 1,000 pupils
secondary schools per 1,000 pupils,.
of agricultural extension workers per 1,000

population.

Per capita food crop production in quintals

The above list of socioceconomic variables are believed

to gauge the relative level of development of regions. We

will try to compare regions at an aggregate level, the sum

total of all indicators, indicated above and at disaggregate

level (i.e educational status, health facilities and other

soclioeconomic indicators ). An attempt will be made to see

the similarity of regions on the basis of changes made
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between the years 1979 and 1989, by making use of the

following ratios of indicators.

The ratio of the 1989 urban population to the
urban population of the 1979.

The ratio of total population in 1989 to the
total population of 1979.

The ratio of length of roads in 1989 to the
length of roads in 1979.

The ratio of the number of hospital beds in 1989
to the number of hospital beds in 1979.

The ratio of the number of health centres in 1989
to the number of health centres in 1979.

The ratio of the number of health stations in
1989 to that of 1979.

The ratio of the number of hospitals in 1989 to
the number hospitals in 1979,

The ratio of the number of medical < uc¢vors in the
year 1989 to that of 1979, !

The ratio of the number of nurses in the year
1989 to the number of nurses in 1979.

The ratioc of number of health assistants in the
year 1989 to the number of health assistants in

the year 1979,
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The ratio of number of primary schools in the year
1989 to the number of primary schools in the

year 1979.

The ratio of the number of primary school teachers

the year 1989 to that of the year 1979.

The ratioc of the number primary school pupils in

the year 1989 to that of 1979.

The ratio of the number of junior secondary
schools in 1989 to that of 1979,
The ratio of the number of junior secondary school

teachers in 1989 to that of the year 1979,

The ratio of the number of Jjunior secondary
school pupils in the year 1989 to that of 197%.
The ratio of the number of senior secondary
schools in the year 1989 to senior secondary
schools in 1979.

The ratio of the number of senior secondary
school teachers in the year 1989 to that of the
year 1979,

The ratio of the number of senior secondary
school pupils in the year 1989 to that of the
year 1979,

The ratio of area under major crops in the vyear
1989 to that of the year 1979.

The ratio of the guantity production of major

crops in the year 1989 to that of the year 1979.
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Ry = The ratio of number of post offices in the year
1989 to that of the year 1979.
Ry = The ratio of number of telephone lines in the year
1989 to that of 1979.
We shall also see the similarity in the changes at an
aggregate level ( the sum total of all ratios ) and at
disaggregate level (i.e, educational changes, changes in
health facilities and changes in other variables ). The name
of the variables used in the description of the above
procedures will be used in Chapter 4 and following Chapters

of this paper.

3.2 METHODS OF DATA ANALYSIS

In this study Cluster Analysis will be utilized to
achieve the required objectives., It 1is natural and
procedural to give the definition of cluster before we
embark on the actual technique. There is no universally
accepted single definition of cluster. Some definitions
include statements such as ‘A cluster is a set of entities
which are alike, and entities from different clusters are
not alike.’ Others propose that entities within a cluster
are more similar to each other than the entities from other
clusters [ Everitt (1980)). In the Oxford Dictionary of

Current English cluster is defined as number of things of
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the same Kind growing closely together. However, in Norusis
(1986), cluster analysis is defined ag a statistical
technique that attempts to identify similar groups of
objects or cases based on a variety of attributes. In this
paper, we will use cluster analysis to identify regions with

similar socioeconomic characteristics.

The next step is to develop a quantitative scale on
which to measure the association (similarity) between
regions. The concept of distance and similarity are basic at
this step. Distance is a measure of how far apart two cases

are while similarity is a measure of their closeness.

As mentioned in Everitt (1980, P. 15 ) ‘Blakith and
Reyment (1971) conclude that the choice between correlations
and distances measured in clustering is one which |is
difficult to make., Nevertheless the balance of evidence
would seem to favour distances. / However, in Johnson and
Wichern (1992, P. 575 ) there is a subjective suggestion
which proposes the following

‘Wfhen items (units or cases) are clustered,

proximity is usually indicated by some sort of

distance. ©On the other hand, variables are
usually grouped on the basis of correlation
coefficients or like measures of association. ’

Using the above suggestions we will favour distance

measures to classify regions ({cases) in this paper.
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3.2.1 SOME SIMPLE MEASURES OF DISTANCE

There are many methods for estimating the distance
between two cases. Some of them are discussed below.
Squared Euclidian distance : Probably this
is the most commonly used distance measure. It is defined in
Johnson and Wichern (1992) as follows
The squared Euclidean distance between two p- dimensional
observations (items) X=([X;, X,, X3, X5 ... X,}’ and Y=[y,, Yi
Yir Yaeoo Y17 is
@(X, ¥) = (%, -y A% = ¥v) T+ Lo (%, -y’

= (X - ¥Y)' (X - Y) (1)

Euclidian distance

The second measure 1s Euclidian distance which is the

sguare root of squared Euclidean distance. It is defined in

Johnson and Wichern (1992) as

d(X‘Y)=J(X17yﬂz+(xz_yé)2+-'-+(Xp_yp)2 (2)

City block or Manhattan distance

LB LR W I ARV et . R e A L r L L R A e e R R L e . A L R T e e e B e e N e e e e e e T A A A e T e e e
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The distance between two cases 1is the sum of the
absolute differences in values for each variable Norusis
(1992) .

a(x, Y) = 5% - v (3)

3.2.2 CLUSTERING TECHNIQUES

Clustering methods may be categorized broadly as being
hierarchical or non-hierarchical. The hierarchical class is
one in which every cluster obtained at any stage is a merger
of clusters at the previous stages. In this case,
therefore, it is possible to visualize not only the two
extremes of clustering viz., n clusters with one unit per
cluster {weak clustering) and a single cluster with all n
units (strong clustering), but alsoc a monotonically
increasing strength of clustering as one goes from one level
to another, In the non-hierarchical procedures, on the
other hand, new clusters are obtained by both lumping and
splitting of o0ld clusters, and , although the two extremes
of clustering are still the same, the intermediary stages of
clustering do not have this natural monotone character of
strength of clustering [Gnanadesikan, (1977)].

Our purpose is to classify regions according to their
socioeconomic status. Moreover, we want to see whether the

status of each region has undergone a change or nct in the
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time interval 1979 -1989. Therefore, our choice of
clustering method will be hierarchical clustering since ve
need to compare the similarity structures in the
socioeconomic performance of regions for the two specified

years.
3.2.3 HIERARCHICAL CLUSTERING TECHNIQUES

Hierarchical clustering techniques proceed by either a
series of successive mergers or a series of successive

divisions.

Agglomerative hierarchical methods : These methoeds proceed

by a series of successive fusions of the N entities into
groups. In this method there are initially as many clusters
as entities. Most similar entities are first grouped, and
these initial groups are merged according to their
similarities, Finally, all subgroups are fused into a

single cluster.

Divisive hierarchical methods: These methods work in the

opposite direction. Here an initial single group of
entities 1is divided into two subgroups such that the
entities in one subgroup are far from the entities in the

other. These subgroups are then further divided into
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dissimilar subgroups. The process continues until there are

as many subgroups as entities.

The results of both methods can be displayed in the
form of a two-dimensional diagram known as a dendrogram. The
dendrogram illustrates the mergers or divisions which have
been made at successive levels. It constitutes a summary of
information in the distance measure.

Both types of hierarchical technigque may be seen as
attempts to find the most efficient step in clustering
entities. In our case we choose agglomerative hierarchical
procedure, because divisive methods are only possible for

very small sets of data.

3.2.4 AGGLOMERATIVE HIERARCHICAL CLUSTERING

In the 1literature available there are six
agglomerative hierarchical clustering methods, namely
1. Nearest Neighbour
2. Furthest Neighbour
3. Group Average
4, Centroid
5. Median

6. Ward’s Sum of Squares Method

AT LT A S PP RARC B Ly
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In general, the above six clustering procedures are
divided into three groups known as linkage methods, error
sum of sguares or variance methods, and centroid methods.
All of them are based on either a matrix of distances or a
matrix of similarities between pairs of cases ( Norusis

(1986) .

Nearest Neighbour (Single Linkage)

This is one of the simplest methods for dJoining
clusters. The first two cases combined are those with the
smallest distance between them. Smallest distance refers to

largest similarity.

First we should find the smallest distance in D, D =
{d;} and merge the corresponding entities, say A and B to
get cluster (AB). The distances between (AB)} and any other
cluster C are given in Johnson and Wichern (1992)

diame = Min{d,e, dye} (1)
where d,. and d,. are the distances between the nearest
neighbours of clusters A and ¢ and clusters B and C,

respectively.

Complete Linkage (Furthest Neighbour)
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In this method the distance between two clusters is
calculated as the distance between their two furthest
points. That means, at each stage the distance between
clusters is determined by the distance between the two
elements, one from each cluster, that are most distant.
Therefore, complete linkage ensures that all items in a
cluster are within some maximum distance ( or minimum

similarity ) of each other.

The algorithm starts by finding the minimum entry in D,
D= {d,} and merging the corresponding entities, such as A

and B, to get cluster (AB}).

The distances between (AB) and any other cluster C are
given in Johnson and Wichern (1992) as

Aume = Max{d,e, dy} (2)
vhere d,. and d,. are the distance between the most distant
members ©¢f clusters A and C and clusters B and C,
respectively.
Average Linkage

The average linkage between groups method defines the
distance between two c¢lusters as the average of the
distances between all pairs of items where one member of a

pair belongs to each cluster.

The average linkage algorithm proceeds in the following

manner. We begin by searching the distance matrix D = {dy}
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to find the nearest ( most similar) entities, for example,
A and B. These entities are merged to form cluster (AB).
The distances between (AB) and any other cluster C are
indicated in Johnson and Wichern (1992) as
dame = (Z5,di) / (N Ne) (3)

where d; is.the distance between entity i in

cluster (AB) and entity kK in the cluster C, and Ng,; and N

are the number of items in clusters (AB) and C,

respectively.

Centroid Method

This is a method in which the distance between groups
is defined as the distance between the group centroid. The

term centroid can be described in the following way

[ Green
and
Carroll (1978) )}
Let X be a pxp matrix, represented by
X
X
X = X3
X
I

where x=[¥X; Xy... %,], then the row vector of means, x

!

called the centroid is given by
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X =1/p 1'X (4)

Where 1’ denotes a 1xp unit row vector.

In this method groups are depicted to lie in the Euclidian
space and are replaced on formation by the coordinates of
their centroid. The procedure depends on fusing groups
according to the distance between their centroids, the group

with the smallest distance being fused first.

The undesirable property of the centroid method is
that the distance at which clusters are combined can
actually decrease from one step to the next while clusters
merged at later stages are more dissimilar than those merged

at early stages.

Median Method

In the centroid method, the centroid of a merged
cluster is a weighted combination of the centroids of the
two individual clusters, where the weights are proportional
to the sizes of the clusters. In the median method, the two
clusters being combined are weighted equally in the
computation of the centroid, regardless of the number of

cases in each,
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That means, for calculating the new distances d’;
between any group g; and the group g, which is formed by
fusing groups g, and g, is independent of the relative sizes

of g, and g,.

For this method Hawkins (1982) gave

a; = 1/2(d%, + di) -1/4d’, (5)

Ward’s method

Ward (1963) suggested, a method in which the loss of
information which results from grouping entities into
clusters 1is quantified in terms of some appropriate
functional relationship. According to Ward, any functional
relation that an investigator selects to reflect the
relative desirability of groupings 1is called an objective
function. Ward also uses error sum of sguares as an

objective function.

For the wunivariate case the error sum of squares

(E.S.S) 1is given by Everitt (1980) as

2

E.S.8 = X", ¥} -1/n(Llx,)? (6)

where x; is the value of the i™ individual.
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3.2.5 AN ALGORITHM FOR AGGLOMERATIVE HIERARCHICAL

CLASSIFICATIONS

A common algorithm for the above six clustering
procedures was developed by Wishart (1969). According to
Wishart the method of analysis cited by Ward (1963), using
an ‘error sum of squares’ as objective function, is
compatible with a general classification scheme, developed
by Lance and Williams (1967), by which five other
classification procedures can be computed for a wvariable
transformation of the triangular squared Euclidean distance

matrix. The work of Wishart (1969) is summarized below.

In general, if X; is the value of the jth variable for

the ith point of cluster S, containing K, points, and fjl

is the mean of the jth variable for S,, then the error sum

of squares for st is defined as

Et=2§il 2311 (Xijt—)?it) ‘

which when expanded, becomes’

O WA AT PRI PeaTl Sua L LS ARSI e |
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_ K. m 2 2
Eﬁ_zj:l j=l Xijt_kcut ( 1 )

2

Note: U’ denotes the inner product U’'U, etc.

where U’ =( X e X ge oon, X =) 1s the position

vector of the mean for cluster S

The value of the obijective function E is the sum of the

error sum of squares for each of the T clusters,

BE=Y E,

T
t=1

and at the suggested fusion of clusters S, and S,, the
increase in E is given by
1-E- E, -E,,
where E, is the error sum of squares for the union set
S=8, U S,

Thus, from Equation (1),

L= Y Kk UZ-Y e S Xk UR- YR T KK,

Koo o B R Tl PPt Ll Rt PR o BT 3w T Seete bt htt wunit T i Sl B S




A AT ST N R TR T MY AT S S i e e T twf e TR AT A @ E TR Al R AT e R TR AR ReT S e BT e R s ARk A e i T e e s A aER AR m e T It e AT PR e/

24

The sum of the squares X’; cancel, and hence

— 2 2 2
LK U%, +K U2 -K U2, (2)

2172 = 2
but  KLU%= (KU, +KU,)

=w? 172 2 2
=K%,U%, + kiqU?, +2K,KU’ U,

=K2pU+K? U7 +K K, (U7, 407 = (U,-U,) )’
which reduces to
Ur=(K,/K) U +(K,/K,) U~ KK /K (U,-U,)° (3)

On substitution for U’, Equation (2) becomes

L= (KK,/K) (U-U,)%.

But since (U,-U,)’=d’pg, the distance between the means of

clusters S, and §, is
L= (KX /K) &, (4)
and fusion occurs when Im is a ninimum.

At the fusion $=S, U S,, the suggested fusion of any other
cluster §; with the new union S, will result in an increase

in the objective function of

L={KK/ (K+K) ] &, (5)
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The distance between the means of S and S, is given by

d%= (U-U,)?

which reduces, in the same manner as Equation (3) to

d%= (K,/K) A%, +(K/K) A5 (KK /KA, (6)

On substitution for d’ij in terms of K. K, and I; from

Equation (5), Egquation (6) after manipulation becomes,

L1/ (RAK) [ (K+K,) T, + (KK L,-KI,,) . (7)

The algorithm

If the triangular matrix of all inter-point squared
Euclidean distances D= {d%; i=1, j-1; j=2, n} is calculated
and stored, then the increase in the objective function
which results from the fusion of any two single- element
is

clusters s, 5,

from Eguation (5)

= P
Le=1/2 &

The first fusion therefore concerns those two points s,

and S, for which dﬁm is a minimum.
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If, at the union §;=5 U 5, the elements
{ &,; i=1, n; i#p, g }, of the matrix D, are
replaced by

dlzipzzlip . ( 8)

then these new values are consistent with the original
distances in D; that is, Equation (8) holds for all { d%

;1. 3#F4q}

By replacing the cluster §, with the union §, U §
cluster S, becomes inactive, and therefore the elements of

the gth column and row of D are redundant.

Equation (8} bhecomes, after substitution for I,, from

Equation (7),
A%=2/ (KHK,) { (KK I, o+ (KeHK) T=kI,,)
= 1/ (kK [ (KHK,) &7+ (KK, &7 -Kal, ] . (9)

Transformations similar to (2) have been derived by
Lance and Williams (1967) for clustering processes: Nearest
Neighbour, Furthest Neighbour, Median, Group Average and
Centroid. The general form of the transformation is

d’ =, d% +a,d2 +RA%, +y | a2 -7 |
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from which the six methods are obtained using the following

parameter values,

Nearest Neighbour: o,=a,=1/2; B=0; r==1/2

Furthest Neighbour: a=a=1/2; B/=0; y=1[2

Median: a=a,=1/2; B=-1/4; =0

Group Average: a, =K, /K a=K /K B=y=0

Centroid: o, =K /K =K /K,; B=-aa,; ¥=0
Ward’s Method : o= (K+K,) [ (KK ) b o =(K+K) [/ (K+K) ;

B=-K,/ (K+K)) ; =0
Thus all six methods are obtained from the same
algorithm by varying the transformation parameters «,, ¢
B and vy ,

thereby making the computer implementation of agglomerative

methods relatively easy.

3.3 CHOICE OF PARTICULAR METHOD FOR A GIVEN PROBLEM.

The major difficulty of agglomerative hierarchical

techniques lies in the choice of one particular method from
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the many available, Jardine and Sibson (1971) provide a
strong argument that Single Linkage is the only
agglomerative hierarchical technique to satisfy the various
mathematical criteria proposed by them. Although their
presentation was accepted to be mathematically superior,
several other authors have criticized the Single Link method
from the practical point of view. Most of these authors have
made empirical investigations which give useful indications
of which methods are likely to be useful in practice. For
instance, Kuiper and Fisher (1975) consider the above six
hierarchical technigues and find that for equal number of
points from multivariate normal distributions, Ward’s method
classifies almost as well as linear discriminant function
knowing all the parameters. With unegual sample size they
found that Centroid, Group Average and Furthest Neighbour
are more successful. According to their investigation
Nearest Neighbour does not behave well under a ‘nice’
situation considered. Baker (1974) produces evidence that
Complete Link clustering is better than Single Linkage in
being less sensitive to data errors. According to him such
an advantage would appear to have practical significance to
a person selecting a grouping method. Hubert (1974) also
suggest that Complete Link clustering is superior to Single
Linkage for practical purpose,.

The results of some empirical investigations which were

summarized by Everitt (1979) are given below.
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(1) No single method is best in every situation.

{2) The mathematically respectable Single Linkage is,
in most cases, the least successful for the data
used.

(3} Group Average clustering and a method due to Ward

(1963) do fairly well overall.

Such enmpirical studies can, of course, never afford a
complete evaluation of clustering methods. Therefore, from
the above summary we can see that the gquestion as to which
clustering method should be used is one to which there can
be no absolute answer. As a remedy for thig, we will use all
agglomerative hierarchical methods on the same data and
clusters that will be produced by all or by the majority of
the methods may be accepted. We will also use squared
Euclidean distance because this measure should be used with
Centroid, Median and Ward’s methods {Norusis (1986)}. This
distance has the disadvantage that it depends on unit of
measurement for the variables. The second disadvantage of
this distance is that when variables are measured on
different scales, variables that are measured in larger
numbers will contribute more to the distance than the
variables that are recorded in smaller numbers. To
circumvent these problems we will express all variables in
the standardized form and use these in the process of

clustering,
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CHAPTER IV
RESULTS AND ANALYSES OF THE 1979 SOCIOECONOMIC

DATA.,

4.1, ANALYSES OF THE 1979 DATA AT AN AGGREGATE LEVEL.

Table 4,1 ©presents the means, standard deviations,
coefficient of wvariations, minimums and maximums of the 19
gocloeconomic variables considered in the analysis. From the
Table we can easily observe that the distribution of
socioeconomic characteristics shows a large gap between the
minimum and maximum values of the variables. This could be
an indication of variation in the regional distribution of

variables considered in the analysis.
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Table 4.1:- SOME DESCRIPTIVE MEASURES OF SOCIOECONOMIC

VARIABLES IN 1979.

Variable Mean Std.Dev | Coeff.-of Minimum | Maximum
variation

Y, 2.14 1.33 62.14 1.25 6.07
Y, 10.57 6.49 61.40 1.75 28.36
Y, 8,96 5.98 66,74 4,53 27.40
¥, 11.2 17.21 153.66 2.54 64.81
Yy 0.14 0.03 21.43 0.08 0.18
Ys 0.50 0.17 34,00 0.28 0.87
Y, 0.05 0.02 40.00 G.G3 0.08
Y 2.17 0.81 37.33 1.17 3.87
Yy 0.92 1.04 113.04 0.33 4,16
Yo 0.34 0.27 79.41 0.21 1.18
Yy, 1.46 0.55 [ 37.67 0.88 3.02
Y, 25.74 8.62 | 33.49 12,93 38.93
Yis 4,34 1.78 41.01 2.27 8.03
Y4 27.53 6.85 24 .88 18.89 42.14
Yis 4,35 1.37 31.49 2.48 6.89
Yo 23.72 9.28 | 39.12 12.94 | 50.39
Yy, 1.17 0.48 | 41.03 0.71 2.24
Y 101.65| 44.50 | 43.78 0.00 155.96
Yo 2.49 1.13 45.38 0.76 4,11

Table 4.2. shows the squared Euclidean dissimilarity
coefficient matrix for all possible pairs of the 12 regions,
based on the standardized socioeconomic variables for the
year 1979. The first entry in Table 4.2 is the distance

between case 1 and case 2, Arsi and Bale,
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Table 4.2:~ SQUARED EUCLIDEAN DISSIMILARITY COEFFICIENT
MATRIX (1979)

Case 1 2 3 4
2 17.1577
3 47.5360 27,3350
4 12.3150 15,0369 42.0432
8 24,4969 13.2818 42,5680 12,3053
6 29.7069 21.9072 61.7300 28.8327
i 30.9358 21.4239 24,7491 27.0487
8 100.6979 116.9716 134.0784 95,9933
9 14.7038 15.8014 42.8064 17.09%9
10 25.2318 10.9233 45,8625 13,9721
11 14.0702 20,3635 45,8532 17.3289
12 13.2426 11.7166 45,5847 12.1%20
Case s 6 7 8
6 26.0679
7 27.7612 41.5478
8 107.0810 99.6184 98.5261
g 27.8661 32.6365 35.9715% 108.05%94
10 11.7177 18.3472 35.7065 110, 3016
11 33.7660 26.6901 15.3330 89,2633
12 10,1481 18.2280 20,0955 87.7186
Case 9 10 11
i0 18.4880
11 22,2327 29.8116
12 15.5828 11.9194 12.6535

The smallest distance in the matrix is 10.1481. This
shows that the most similar regions for that particular
year were Gonder and Welo. The results of six clustering
procedures which are based on dissimilarity matrix in Table

4.2 are presented below.
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4.1.1. RESULTS OF SINGLE LINKAGE METHOD

We usually stop the agglomeration as soon as the
increase between two adjacent steps becomes too large.
Taking the step which occurs before the increase in
distance between two adjacent steps becomes too large, the
Single Linkage method gave four distinct groups of regions

each of which is relatively more homogeneous in its

socioeconomic characteristics. These groups were:

Group 1: Arsi, Bale, Gojam, Gonder,

Illubabor and Kefa, Sidamo,

Tigray, Welega and Welo
Group 2 ! Gamogofa
Group 3 : Harerghe

Group 4 : Shewa

According to this method Shewa is on the way not to
join the group of other regions being at a large distance
from them, The dendrogram and the agglomeration schedule
which illustrate the results produced by single 1linkage

method are given in Fi4. 4.1 and Table 4.3, respectively.
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Table 4.3:- AGGLOMERATION SCHEDULE USING SINGLE LINKAGE

Stage Cluster

Clusters Combined 1st Appears

Stage Clus.1 Clus.2 cCoefficient Clus.1 Clus.?2
1 5 12 10.148131 0 0
2 2 10 10.923328 0 0
3 2 5 11.716643 2 1
4 2 4 12.151998 3 0
5 1 2 12.315047 0 4
6 1 11 12.653512 5 0
7 1 9 14.703808 6 O
8 1 7 15.333023 7 0
9 1 6 18.227989 8 0
10 1 3 24.749121 9 0
11 1 8 87.718590 10 0

Dendrogram using Single Linkage
Rescaled Distance Cluster Combine

CASE 0 5 1

Label Seq {

~—0

l? 2
!

——Q
n
——tn

—t

12

10

e e e e

0O W O~ D= D

FIGURE 4.1

4.1.2 RESULTS OF COMPLETE LINKAGE METHOD

It appears that the seven cluster soluﬁion may be
appropriate since it occurs before the distances at which
clusters ar; combined become too large. The seven groups of
regions were

Group 1: Arsi and Welega

Group 2: Bale, Gojam, Gonder, Tigray and Welo
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The agglomeration schedule and the dendrogram are given
in Table 4.4 and
this method suggest that Shewa was at a far distance from

other regions in the year 1979.

=i Pty

3%
Group 3: Gamogofa
Group 4: Harerdghe
Group 5: Illubabor and Kefa
Group 6: Shewa
Group 7: Sidamo
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Fig. 4.2, respectively. The results of

TABLE 4.4 AGGLOMERATICON SCHEDULE USING COMPLETE LINKAGE
Clusters Combined Stage Cluster
1st Appears
Stage Clus 1 Clus 2 Coefficient Clus 1 Clus 2
1 5 12 10.148131 0 0
2 2 10 10.923328 0 0
3 4 5 12.305278 0 1
4 1 11 14,070157 0 0
5 2 4 15.036949 2 3
6 1 9 22.232718 4 0
7 3 7 24.749121 0 0
8 2 6 28.832743 5 0
9 1 2 33.765965 6 8
10 1 3 61.730022 9 7
11 1 8 124.078354 10 0
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Dendrogram using Complete Linkage
Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25

Label seq 44— —}——-—}pb—— b}
5

12

6
1
1 |
9 !
3
7
8

FIGURE 4.2

4,1.3 RESULTS OF GROUPFP AVERAGE METHOD

The agglomeration schedule and dendrogram show the
existence of five groups of regions each of which is
relatively homogeneous in its sociceconomic characteristics

considered in this particular paper. These groups were :

Group 1 : Arsi, Bale, Gojam, Gonder, Sidamo, Tigray
and Welo

Group 2 : Gamogofa

Group 3 : Harerghe

Group 4 : Illubabor and Kefa and Welega

Group 5

.e

Shewa
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These results suggest that Shewa was far from other
regions in 1its socioceconomic characteristics for that
particular year. The agglomeration schedule and dendrogram
illustrating the above results are given in Table 4.5 and
Fig. 4.3, respectively.
Table 4.5 AGGLOMERATION SCHEDULE USING

AVERAGE LINKAGE (BETWEEN GROUFPS)

Stage Cluster

Clusters Combined st Appears

Stage Clus.l Clus.2 Coefficient Clus.1 Clus.?2
1 5 12 10.148131 8] 0
2 2 10 10.923328 0 0
3 2 5 12.158905 2 1
4 1 4 12.315047 0 0
5 7 11 15.333023 0 0
6 1 9 15.899858 4 0
7 1 2 17.611139 6 3
8 1 7 24.940674 7 5
9 1 6 27.107138 8 0
10 1 3 42.606815 9 0

11 1 8 104.391792 10 0
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Dendrogram using Averade linkage (Between Groups)

Rescaled Distance Cluster Combine
ChASE 0 5 10 15 20 2
Label Seg % % J& % 1[

5
12 jL
2
10

-

[y
00 W Oy D

FIGURE 4.3

4,1.4 RESULTS OF CENTROID METHOD

The agglomeration schedule and the dendrogram indicate
that there were basically five distinct groups of regions

in 1979. The groups were

Group 1 : Arsi, Bale, Gojam, Gonder, Sidamo,
Tigray, Welega and Welo

Group 2 : Gamogefa

Group 3 : Harerghe

Group 4 : Illubabor and Kefa

Group 5 : Shewa

The results of this method show that Shewa was far from
other regions being followed by Gamogofa. Table 4.6
indicates the agglomeration schedule for this method. The

dendrogram is presented in Fig. 4.4. The results obtained
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v o




A P e Y S A I AU A A e e T LB T RS B P T A A S B R A DA et

39
by this method are roughly the same as the results obtained
by Group Average method.

Table 4.6 AGGLOMERATION SCHEDULE USING CENTROID METHOD

Stage Cluster

Clusters Combined lst Appears
stage Clus. 1 Clus. 2 Coefficient Clus.l Clus.?2
1 5 12 10.148131 0 o
2 5 10 9.281541 1 0
3 2 - 5 8.220016 0 2
4 2 4 9.009892 3 o
L 1 2 13.561861 0 4
6 1 9 12.266979 5 ¢
7 1 11 14.825083 6 0
8 1 6 17.874216 7 o]
9 1 7 20.056999 8 ¢]
10 1 3 33.270592 9 0
11 1 8 93.154678 10 0

Dendrogram using Centroid Method

Rescaled Distance Cluster Combine
CASE 0 5 10 15 20 25
Label Seq |— — — {——-—f—— | %
5
12
10

L

4

-
00 L ~J O = WO = b DO

FIGURE 4.4

4.1.5 RESULTS OF MEDIAN METHOD

The Median method was applied to the squared Euclidean
distances between the twelve regions and produced the
dendrogram in Fig. 4.5 and the agglomeration schedule in

Table 4.7, The schedule and the dendrogram show the
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existence of six distinct groups of regions. The groups

were:

Group 1 : Arsi, Bale, Gojam, Gonder, Sidamo,
Tigray and Welo

Group 2

.n

Gamogofa
Group 3 : Harerghe
Group 4 : Illubabor and Kefa

Group 5 : Shewa

Group 6 ¢ Welega
The results of this method are roughly the same as the
results obtained by the Centroid and Group Average method.

The only difference lies on dgroup membership of Welega.

Table 4.7 AGGLOMERATION SCHEDULE USING MEDIAN METHOD

Stage Cluster

Clusters combined lst appears
Stage Clus.1 Clus.,2 Coefficient Clus.l Clus.2
1 5 12 10.148131 0 0
2 5 10 9.281541 1 0
3 2 5 8,122381 0 2
4 2 4 10,243616 3 o
5 1 2 11,486215% 0 4
6 1 9 11.006073 5 0
7 1 11 14.423992 6 o
8 1 7 17,.559364 7 o
9 1 3 27.084023 8 0
10 1 6 37.805550 9 0]
11 1 8 93,06959% 10 0
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Dendrogram using Median Method

Rescaled Distance Cluster Combine

CASE 0 S 10 15 20 25
Label Seq +—— } ; - }

5

12

10

2

4

2

11

7

3

6

8

FIGURE 4.5

4.1.6 RESULTS OF WARD‘’S METHOD

Table 4.8 shows the agglomeration schedule using Ward’s
method. The dendrogram cobtained by this method is displayed
in Fig. 4.6 . Ward’s method gave eight distinct groups of
regions each of which presumably is relatively more

homogeneous in its socioeconomic status. These groups were

Group 1: Arsi, Gojam

Group 2: Bale, Gonder, Tigray and Welo
Group 3: Gamogofa

Group 4: Harerghe

Group 5: Illubabor and Kefa

Group 6: Shewa

Group 7: Sidamo

Group 8: Welega

N R B A M B e
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According to this method Shewa was at a large distance from

other regions in 1979.

Table 4.8:- AGGLOMERATION SCHEDULE USING WARD'S METHOD
Stage Cluster
Clusters Combined lst Appears
Stage Clus.1 Clus. 2 Coefficient Clus.1 Clus.2
1 5 12 5.074066 c 0
2 2 10 10.535730 0 0
3 1 4 16.693254 0 o
4 2 5 23.58429% 2 1
5 7 11 31.250807 0 0
6 1 9 39.798203 3 0
7 2 6 53.222900 4 0
8 i 2 70.276749 6 7
9 3 7 91.255363 0 5
10 1 3 123.,60821% 8 2
11 1 8 209.000000 10 0

Dendrogram using Ward’s Method

Rescaled Distance Cluster Combine

CASE 0
Label Seq }

—+un
-
4o
"
—+wn
o
—Q
]
o

= ’
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FIGURE 4.6
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Table 4.9:~- SUMMARY OF THE RESULTS FOR SIX CLUSTERING
PROCEDURES (1979},
CLUSTERING NUMBER OF GROUP MEMBERSHIP
METHOD CLUSTERS
Single-Linkage 4 Group 1 : Arsi, Bale, Gojam ,
Gonder, Illubabor &
Kefa, sidamo, Tigray,
Welega and Welo
Group 2 : Gamogofa
Group 3 : Harerghe
Group 4 : Shewa
Complete- 7 Group 1 : Arsi and Welega
Linkage Group 2 : Bale, Gojam, Gonder,
Tigray and Welo
Group 3 : Gamogofa
Group 4 : Harerghe
Group 5 : Illubabor & Kefa
Group & : Shewa
Group 7 : Sidamo
Group Average 5 Group 1 : Arsi, Bale, Gojam,
Gonder, Sidamo, Tigray
and Welo
Group 2 : Gamogofa
Group 3 : Harerghe
Group 4 : Illubabor and Kefa and
Welega
Group 5 : Shewa
Centroid 5 Group 1 : Arsi, Bale, Gojam,
Gonder, Sidamo, Tigray
and Welo
Group 2 : Gamogofa
Group 3 : Harerghe
Group 4 : Illubabor and Kefa and
Welega
Group 5 Shewa
Median 6 Group 1 Arsi, Bale, Gojam,
Gonder, Sidamo, Tigray
and Welo
Group 2 Gamogofa
Group 3 Harerghe
Group 4 : Illubabor and Kefa
Group % : Shewa
Group 6 Welega
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CLUSTERING NUMBER OF GROUP MEMBERSHIP
METHOD CLUSTERS
Ward's 8 Group 1 : Arsi and Gojam
Group 2 : Bale, Gonder, Tigray
and Welo
Group 3 : Gamogofa
Group 4 : Harerghe
Group 5 : Illubabor and Kefa
Group 6 : Shewa
Group 7 : Sidamo
‘Group 8 : Welega

As Table 4.9 shows, three of the six methods gave
nearly the same results. These three methods aré the
Centroid, Median and Group Average methods. The results of
these three methods are roughly the same as the result
obtained by the Single Linkage method. The only difference
lies in the placement of Welega and Illubabor and Kefa, in
that Single Linkage method includes Illubabor and Kefa in
group one, while two of the three methods put Welega and
Illubabor and Kefa in a separate group. The results
obtained by Ward’s method resemble the results of Complete
Linkage method. The two methods gave the same results for
groups 3 up to 7 and differ in placing Gojam and Welega for
other groups.

Table 4.9 reveals that there was a considerable regional
disparity based on the socioeconomic characteristics in 1979. It
would also give an interesting conclusion that, on the basis of
the 19 variables considered to reflect the sociceconomic status,

the 12 regions are grouped neither strictly along ethnic or
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linguistic 1lines nor on the basis of entirely geographical

proximity.

In this section we have observed that the existence of
regional disparity was guite obvious on the basis of the 19
socioeconomic variables in 1979, It is sensible to consider
similarity at disaggregate level to see whether the existing
disparity 1s mwmore severe for educational variables, health

variables or for variables other than educational or health

services. In succeeding sections of this Chapter we will apply
the six clustering procedures to each of the following groups of
variables.

T.EDUCATION : Y,, TO Y,

1I.HEALTH : ¥,, Y, TO Y,

IITI.OTHERS P Y, TO Y5, Y and Yy

4.2 SIMILARITY OF REGIONS ON THE BASIS OF EDUCATIONAL

VARIABLES IN 1979,

The six clustering procedures were used to classify regions
according to their homogeneity based on educational services. The

results are given in Table 4.10.
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Table 4.10 SUMMARY RESULTS OF SIX CLUSTERING METHODS BASED
ON EDUCATIONAL VARIABLES (1979)

CLUSTERING NUMBER GROUP MEMBERSHIP
METHOD OF
CLUSTERS
Single- 4 Group 1 : Arsi, Bale, Gojam,
Linkage Gonder, Shewa,
Sidamo, Tigray,
Welega and Welo
Group 2 : Gamogofa
Group 3 Harerghe
Group 4 lllubabor and Kefa
Complete- 5 Group 1 : Arsi, Shewa and
Linkage Sidamo

Group 2 : Bale, Goijam,
Gonder, Tigray and

Welo
Group 3 ¢ Gamogofa
Group 4 : Harerghe

Group 5 : Illubabor and Kefa

Group Average 6 Group 1:Arsi, Bale, Gojam,
Shewa, Sidamo and Welo
Group 2 : Gamogofa
Group 3 : Gonder and Tigray
Group 4 Harerghe
Group 5 Illubabor and Kefa
Group 6 Welega
Centroid 6
Group 1 : Arsi, Bale, Gojan,
Shewa, Sidamo and
Welo
Group 2 Gamogofa
Group 3 Gonder and Tigray
Group 4 Harerghe
Group 5 Illubabor and Kefa
Group 6 Welega
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CLUSTERING NUMBER GROUP MEMBERSHIP
METHOD OF
CLUSTERS
Median 6 Group 1 : Arsi, Bale, Gojam,
Shewa, Sidamo and
Welo
Group 2 '@ Gamogofa
Group 3 : Gonder and Tigray
Group 4 : Harerghe
Group 5 : Illubabor & Kefa
Group 6 : Welega
7 Group 1 @ Arsi, Shewa and
Ward’s Sidamo
Group 2 : Bale, Gojam and
Welo
Group 3 : Gamogofa
Group 4 : Gonder and Tigray
Group 5 : Harerghe
Group 6 : Illubabor and Kefa
Group 7 : Welega
Glancing at Table 4.10 , the Centroid, Median and Group

Average methods dave the same results, The cutcomes from the six

clustering methods are roughly consistent with one another.
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4.3 SIMILARITY OF REGIONS ON THE BASIS OF VARIABLES

REPRESENTING HEALTH SERVICES IN 1979.

The pattern of homogeneity of regions based on health
service indicators was examined by applying the six clustering
procedures. The results are presented in Table 4.11 below.
Looking at this Table, we can see that the results of Complete
Linkage method are the same as that of Median method. Group
Average and Centroid methods gave the same results.

The results of all but Single Linkage methods are roughly the

same., This is an indication of the existence of natural grouping.

Table 4.11: SUMMARY RESULTS OF SIX CLUSTERING PROCEDURES
BASED ON VARIABLES REPRESENTING HEALTH SERVICES

(1979)
CLUSTERING NUMBER GROUP MEMBERSHIP
OoF
METHOD CLUSTERS
Single- 2 Group 1 : Arsi, Bale, Gamogofa,
Linkage Gojam, Gonder,
Harerghe, Illubabor and
Kefa, Sidamo, Tigray
Welega and Welo
Group 2 : Shewa
Complete- 4 Group 1 : Arsi, Bale, Gojam,
Linkage Gonder, Sidamo, Tigray,
- Welega and Welo
Group 2 : Gamogofa, Illubabor &
Kefa
Group 3 : Harerghe
Group 4 : Shewa
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CLUSTERING NUMBER GROUFP MEMBERSHIP
OF
METHOD CLUSTERS
Group- 3 Group 1 : Arsi, Bale, Goijam,
Average Gonder, Sidamo,
Harerghe, Tigray,
Welega and Welo
Group 2 : Gamogofa, Illubabor and
Kefa
Group 3 : Shewa
Centroid 3 Group 1 : Arsi, Bale, Gojam,
Gonder, Sidamo,
Harerghe, Tigray,
Welega and Welo
Group 2 Gamogofa, Illubabor and
Kefa
Group 3 Shewa
Median 4 Group 1 : Arsi, Bale, Goijam,
Gonder, Sidamo, Tigray,
Welega and Welo
Group 2 : Gamogofa and Illukabor
and Kefa
Group 3 : Harerghe
Group 4 : Shewa
Ward’s 5 Group 1 : Arsi, Gojam, Sidamo,
Tigray, Welo and Welega
Group 2 : Bale and Gonder
Group 3 @ Gamogofa and Illubabor
and Kefa
Group 4 : Harerghe
Group 5 : Shewa
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4.4 SIMILARITY OF REGIONS ON THE BASIS OF OTHER
SOCIOECONOMIC VARIABLES 1IN 1979

The variables other than educational and health service
indicators were also considered. Based on these variables we
have tried to classify the Ethiopian regions. Again the six
clustering procedures were employed to see the structure of
similarity among regions. The results of six clustering
procedures are presented in Table 4.12. From this we can see
that Single-Linkage ,Centroid, Group Average and Median
methods gave the same results. Ward’s and Complete-Linkage
methods gave results which are different from the other four
methods.

To see the sector for which disparity was more severe
in 1979, the distances at which clusters combined were
compared at each stage of cluster formation for three groups
of wvariables using the six clustering procedures. The
computed results are presented in Tables 4.13- 4.15,.

TABLE 4.12 SUMMARY RESULTS OF SIX CLUSTERING
PROCEDURES BASED ON OTHER VARIABLES (1979)

CLUSTERING NUMBER CLUSTER MEMBERSHIP
METHOD OF
CLUSTERS
Single- 3 Group 1 :Arsi
Linkage Group 2 :Bale, Gamogofa,Gojan,

Gonder, Welo,Harerghe,
Illubabor and Kefa,
Tigray, Welega and
Sidamo

Group 3 :Shewa
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CLUSTERING | NUMBER CLUSTER MEMBERSHIP
METHOD OF
CLUSTERS
Complete- 6 Group 1 : Arsi, Gojam, Sidamo,
Linkage Tigray, Welega and
Welo
Group 2 : Bale
Group 3 : Gamogofa and Illubabor
& Kefa
Group 4 : Gonder
Group 5 : Harerghe
group 6 @ Shewa
Group 3 Group 1 : Arsi
Average Group 2 : Bale, Gamogofa, Gojam,
Gonder, Welo, Harerdghe,
Illubabor and Kefa,
Sidamo Tigray and
Welega
Group 3 : Shewa
Centroid 3 Group 1 : Arsi
Group 2 : Bale, Gamogofa, Gojam,
Gonder, Welo,Harerghe,
Illubabor and Kefa,
Sidamo, Tigray and
Welega
Group 3 : Shewa
Median 3 Group 1 : Arsi
Group 2 : Bale, Gamogofa, Gojam,
Gonder, Welo,
Harerghe, Illubabor
and Kefa, Sidamo,
Tigray and Welega
Group 3 : Shewa
Ward’s 5 Group 1 : Arsi
Group 2 : Bale, Gamogofa, Tigray
and Sidamo
Group 3 : Gojam
Group 4 : Gonder, Harerghe,
Illubabor and Kefa,
Welega and Welo
group 5 ! Shewa




LY 3T L
UL 3 Al s X el

TABLE 4.13:

THREE GROUPS

AND COMPLETE-

THE DISTANCES

MASTIAN LB LA S i M Lo 2 s D I

52

AT WHICH CLUSTERS COMBINED FOR
OF VARIABLES IN SINGLE-LINKAGE

LINKAGE METHODS (1979).

Single -Linkage Complete-Linkage
Stage I II 111 I IT IIT

1 1.119 .418038 .714842 1.119 41804 . 7148

2 1.184 .60425 1.35703 1.649 .63435 1.4877
3 1.649 .681838 | 1.45543 2.713 .68184 1.5337
4 2,204 .719349  1,.53375 2.799 .95445 1.9674
5 2.430 .852487 1.73802 3.576 2.7791 3.1054
6 3.976 { 2.08443 1] 1.99018 6.608 2.,9782 3.1589
7 4.385 2.81198 4 2.12064 8.72% 4.3894 6.0728
8 4,566 2.97818{ 3.56565 13.57 6.6538 8.6827
9 8.381 3.30761 1 3.68719 15,33 10.669 15.433
10 9.116 3.96137 7.2171 24 .07 22.145 19.433
11 11.36 40,3023 | 27.2556 34.91 63.106 52.5491
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TABLE 4.14 THE DISTANCES AT WHICH CLUSTERS COMBINED FOR
THREE GROUPS OF VARIABLES IN GROUP-AVERAGE AND
CENTROID METHODS (1979)

Group-Averadge method Centroid method
Stage
I IT 11T I I1 I1I
14¢1.11¢ 0.418 0.,7148 1.1193 0.418 . 7148

211.649 | 0.6193 1.,4877 1.6490 0.5148 1.4877

311,992 ] 0.6818 1,5337 1.7122 0.6818 1.3122

4 12,459 0.8369 1.8527 2.04867 0.6664 1.5337

513.576 1.6285 2.2778 3.497 1.1827 1.8769

6 |14.793 | 2.9782 2.5478 3.5763 2.9781 2.1644

7T 18.725% | 3.9174 4,7525 7.7233 3.3988 4,0158

8 110.23 | 4.,1359 6.4531 9.1554 3.2753 5.19663

9 ]113.95 | 6.3679 7.6958 9.8572 5.2566 5.6199

10 | 17.16 § 10.9043 } 11.025 13.0355 | 8.6528 8.4508

11 | 18.82 | 54.7886 | 38.575 13.9889  52.133 35.5361
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TABLE 4.15 THE DISTANCES AT WHICH CLUSTERS COMBINED FOR
THREE GROUPS OF VARIABLES IN MEDIAN AND
WARD’S METHODS (1979)

Median method Ward’s method
Stage

I 11 IT1 I I1 I1Y1
1 1.119 .418 0.7148 0.559 0.2090 0.3574
2 1.649 .5148 1.4877 1.384 0.5499 1.1013
3 1.712 . 6818 1.3122 2.525 |1 0.8931 1.8681
4 2.046 L6664 1.5337 3.890 1,3374 2.9841
5 2.871 1.4464 1.8769 5.678 2.8265 4.,4270
6 3.576 2,9782 2.1644 10,04 4.6006 6,1248
7 7.367 3.4431 3.9863 14.4% | 6,7953 9.1367
8 7.636 3.1262 5.7345 22.01 10.37% 13.478
9 12.53 6.7363 5.8578 31.00 15.0562 21.147
10 12.61 §,5191 9.6452 42,48 | 29,211 33.425
11 16.79 46.3844 39.5966 66 77 66

The values given in Tables 4.13 - 4.15 are the

distances at which clusters are combined at each stage of

clustering. By examining these values we can get an idea of
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how unlike the clusters being combined are. Small values
indicate that fairly homogeneous clusters are being merged.
Large values indicate that <c¢lusters containing gquite
dissimilar members are being combined. Therefore, the group
of variables which has large values for all stages or for
the majority of stages will be considered as a group for
which disparity 1is severe. The results given in the

specified Tables indicate that the distances for group I

variables are larger than those for the remaining two groups
in almost all of the cases. This is an indication that the
disparity was more severe in the distribution of educational
services as compared to health and other group of variables

in 1979 .
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CHAPTER V

RESULTS AND ANALYSES OF THE 1989 SOCIOECONOMIC DATA

Analyses of the 1979 data represent an examination of

sociceconomic characteristics of regions(in a fairly
remote past. Analyses of the same sort for the year 1989 are
expected to provide some interesting comparisons. It may
help to answer the question as to whether the similarity of
regions in 1979 is consistent with the similarity after ten
years or not. It may also help us to know whether the
patterns of regional disparity in 1979 are quite different

from that of 1989. The results obtained from the 1989

socioceconomic data are discussed in the following sections.

5.1. ANALYSES OF THE 1989 DATA AT AN AGGREGATE LEVEL

The descriptive measures, mean, standard deviation,
coefficient of variation, minimum and maximum values for
each of the 19 socioceconomic variables in the year 1989 are
indicated in Table 5.1. From this we can see that there is
a wide difference between the minimum and maximum values of
the socioeconomic variables. This could be an indication of
variation in the regional distribution of socioceconomic

services in the year 1989,
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TABLE 5.1 SOME DESCRIPTIVE MEASURES OF S50CIOECONOMIC
VARIABLES IN THE YEAR 1989

Variable Mean Std Coeff- of | Minimum { maximum
Dev variation
Y, 1.62 0.79 48.77 0.81 3.73
- Yy 12.05 7.72 64,07 1.81 32.73
Y, 7.95 4,68 58.87 4.43 22.2
Y, 14.63 24.57 167.94 4.65 92.45
Y 0.17 0.13 76.47 0.08 0.57
Y 0.49 a,20 40.82 0.31 0.86
Y, 0.04 0.01 25.00 0.02 0.07
Y, 1.58 0.75 47 .47 0.86 3.48
Y, 1.32 | 0.94 71.21 0.69 4.14
Yo 0.48 | 0.19 39.58 0.31 1.01
Y, 0.03 0.01 33.33 0.02 0.06
Y, 25.03 5.34 21,33 18.19 38.98
Y, 4,12 { 2.11 51.21 2.01 9.7
Yo, 24.29 2.83 11,65 19.96 27.55
' 2.38 | 0.67 28.15 1.7 3.82
Y 25.86 | 2.41 9.32 22.62 29.42
Y, 0.78 | 0.20 25,64 0.48 1.1
Yz 63,50 26.90 42,36 29,86 118.83
Yo 1.54 0.79 51.30 0,56 3.67

Table 5.2 indicates the sguared Euclidean dissimilarity

coefficient matrix for all possible pairs of the 12 regions
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TABLE S5.2: SQUARED EUCLIDEAN DISSIMILARITY

COEFFICIENT MATRIX (1989)

Case 1
2 19.0764
3 41.6439
4 9.2207
5 47.2713
6 49.6397
7 43,4801
8 85.1933
9 38.5901
10 51.9931
11 27.0959
12 23.6922
Case 5
6 23,2381
7 33.8942
8 92.20867
9 20.9611
10 12,1997
11 26.8985
12 23.7808
Case 9
10 20,6842
11 23.8792
12 8.7492

The smallest distance in the matrix is 8.749234.

2

34.
19.
18.
27.
22.
88.
16,
25,
14,
13.

10

1058
8312
9272
7058
6240
3247
5533
3272
9864
9319

.9825
. 3544
. 5902
.5621
. 6223
» 1460

30.1788
23,0056

78.
37.
40.
18.
20.

11

.8556
.8331
.9638
5564
.2615
.5915
.3779
.9324
. 4007

3479
3237
9894
8776
8062

17.5781

36.9034
36.9430
36.3308
69,3145
21,3989
38.0658
24,5399
14.9219
8

88.5099
88.7553
68.9982
81.4746

£ 'ﬂ‘ﬂnxﬁ‘;m'-:Jr} 4

This

shows that the most similar regions for the year 1989 were

Welo and Sidamo. The results of siXx hierarchical clustering

procedures based on the above dissimilarity matrix are

summarized in the following sections.
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5.1.1 RESULTS OF SINGLE LINKAGE METHOD

The Single Linkage method gave five distinct groups of

regions each of which is relatively more homogeneous in its

socioeconomic status in 1989. These groups were:-

Group

Group
Group
Group

Group

1

4

5

: Arsi, Bale, Gojam, Harerghe, Sidamo, Welega
and Welo
Gamogofa
Gonder and Tigray
Illubabor & Kefa

Shewa

The results of this method suggest that Shewa was far

from other regions in its sociceconomic characteristics in

1989.

5.1.2 RESULTS OF COMPLETE LINKAGE METHOD

It appears that the eight distinct clusters solution

may be appropriate. The eight groups of regions were:

Group 1 : Arsi and Gojam

Group 2 : Bale and Welega

Group 3 : Gamogofa

Group 4 : Gonder and Tigray

Group 5 : Harerghe
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Group 6 : Illubabor and Kefa
Group 7 ! Shewa
Group 8 : Sidamo and Welo
According to this method Shewa was far from other group

of regions in its socioeconomic services in 1989,

5.1,3 RESULTS OF GROUP AVERAGE METHOD

The results of this method show the existence of five

groups of regions each of which is more homogenecus in its

socioeconomic characteristics in 1989. The five groups were:

Group 1

Arsi and Gojam

Group 2 : Bale, Gonder, Harerghe, Sidamo, Tidray,
Welega and Welo

Group 3 : Gamogofa

Group 4 : Illubabor and Kefa

Group 5 : Shewa

The results of this method confirm that Shewa was at

large distance from other regions in its socioceconomic

performance in 1989,
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5.1.4 RESULTS OF CENTROID METHOD

The results of Centroid method indicate that there were
basically five distinct groups of regions in 1989. The
groups were:

Group 1 : Arsi and Gojam

Group 2 : Bale, Gonder, Harerdghe, Sidamo, Tigray,

Welega and Welo

Group 3 : Gamogofa

Group 4 : Illubabor and kefa

Group 5 : Shewa

According to this method it was found that Shewa was at

a far distance from the group of other regions.

5.1.5 RESULTS OF MEDIAN METHOD

The results of Median method showed the existence of
five distinct groups of regions each of which is more
homogeneous in its socioceconomic characteristics. The groups
vere:

Group 1 : Arsi and Gojam

Group 2 : Bale, Gonder, Harerghe, Sidamo, Tigray,

Welega and Welo

Group 3 : Gamogofa
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Group 4 : Illubabor and kefa

Group 5 : Shewa

The results of this method also suggest that Shewa was

at far distance from other regions in its socioeconomic

status in 1989.

5.1.6 RESULTS OF WARD’S METHOD

Ward’s method was also applied to the squared Euclidean

dissimilarity coefficient matrix in Table 5.2. The method

gave 8 distinct groups of regions each
relatively more homogeneous in  their
characteristics in 1989,

The groups were

Group 1 : Arsi and Gojam

Group 2 : Bale and Welega
Group 3 : Gamogofa

Group 4 : Gonder and Tigray
Group 5 : Harerghe

Group 6 : Illubabor and kefa
Group 7 : Shewa

Group 8 : Sidamo and Welo

of which are

socioeconomic

From the above results we can see that four of the six

methods gave five clusters solution. Three of these four
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methods gave identical results. Ward’s method and the
Conplete Linkage method gave 8 clusters solution. The group

menmbership obtained for both methods is the same.

The above results reveal that there was a considerable
regional disparity on the socioeconomic characteristics in
1989. These results also showed the existence of at least

five groups of regions on the basis of variables considered

in this study. We can also see that, on the basis of the 19
variables considered to reflect the socioeconomic status of
regions, the 12 regions are grouped neither strictly along
ethnic or linguistic lines nor on the basis of entirely

geographical proximity.

To search for an area where disparity is relatively
serious, the six clustering procedures were also applied to
each of the following groups of variables for the 1989 data.

I. EDUCATIONAL : Y,, TO Y,

II. HEALTH : Yy, Yy TO Y,

III. OTHERS : Y, TO Y, Y,, AND Y,

5.2 SIMILARITY OF REGIONS ON THE BASIS OF EDUCATIONAL

VARIABLES IN 1989,

The results of six clustering procedures on the basis

educational variables are given below.
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The Single Linkage method gave three groups of regions.

The groups were!

Group 1 : Arsi, Bale, Gamogcfa, Gojam, Harerghe,
Illubabor and kefa, Shewa, Sidamo, Welega
and Welo

Group 2 : Gonder

Group 3 : Tigray

The Complete Linkage method gave seven distinct groups

of regions. The groups were:

Group 1 : Arsi, Gojam and Shewa

Group 2 : Bale

Group 3 ; Gamogofa, Sidamo and Welo

Group 4 : Gonder

Group 5 : Harerghe and Illubabor and kKefa
Group 6 : Tigray

Group 7 : Welega

The Group Average method resulted in three distinct

groups of regions. The groups were:

Group 1 : Arsi, Gojam and Shewa
Group 2 : Bale, Gamogofa, Harerghe, Illubabor and Kefa,

Sidamo, Welega and Welo
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Group 3

The Centroid method resulted in four distinct groups of

regions., The g

Group 1

Group 2
Group 3

Group 4

‘The Median

The groups were

Group 1

Group 2
Group 3
Group 4
Ward’s met
groups were
Group 1 :
Group 2
Group 3 :

Group 4
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Tigray and Gonder

roups were

Arsi, Bale, Gamogofa, Gojam, Shewa, Sidamo,
Welega and Welo

Gonder

Harerghe and Illubabor and Kefa

Tigray

method gave four distinct groups of regions.

Arsi, Bale, Gamogofa, Gojam, Shewa, Sidamo,
Welega and Welo

Gonder

Harerghe and Illubabor and kefa

Tigray

hod resulted in seven groups of regions, The

Arsi, Gojam and Shewa
Bale
Gamogofa, Sidamo and Welo

Gonder



RLCS ALt C e S L XA LIRS Ht i e 3 A Ay N AR i TR ST SR IVAIP BFER PR e o R A AT S PO i E e TN S ST S U P OO PV PO ORI S

66
Group 5 : Harerghe and Illubabor and kefa
Group 6 : Tigray

Group 7 : Welega

The results of the Median method are the same as the
results of the Centroid method. The method which gave the
same results as that of Ward’s method is the Complete

Linkage method.

5.3 SIMILARITY OF REGIONS ON THE BASIS OF VARIABLES

REPRESENTING HEALTH SERVICES IN 1989.

Six clustering procedures were employed to see the
structure of similarity among regions based on variables
representing health services. The results are summarized

below.

The Single Linkage method gave three distinct groups of

regions, The groups were

Group 1 : Arsi, Bale, Gojam, Gonder, Harerghe,
Illubabor & Xkefa, Sidamo, Tigray, Welega
and Welo.

Group 2 : Gamogofa

Group 3 : Shewa
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The Complete Linkage wethod resulted in five distinct
groups of regions. The groups were

Group 1 : Arsi, Bale, Illubabor and kKefa, and Welega

Group 2 : Gamogofa

Group 3 : Gojam, sidamo and Welo

Group 4 : Gonder, Harerghe and Tigray

Group 5 : Shewa

The Group Averade method gave three groups of regions.

The groups were:

Group 1 : Arsi, Bale, Gojam, Gonder, Harerghe,
Illubabor and Kefa, Sidamo, Tigray, Welega
and Welo.

Group 2 : Gamogofa

Group 3 : Shewva

The Centroid method resulted in three groups of

regions. The groups were:

Group 1 : Arsi, Bale, Gojam ,Gonder, Harerghe,
Illubabor and kefa, Sidamo, Tigray, Welega
and Welo.

Group 2 : Gamogofa

Group 3 : Shewa
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The Median method resulted in three groups of regions.,

The groups were:

Group 1 : Arsi, Bale, Gojam , Gonder, Harerghe,
Illubabor and Kefa, Sidamo, Tigray, Welega
and Welo.

Group 2 : Gamogofa

Group 3 : Shewa

Ward’s method resulted in five groups of regions. The

groups were

Group 1 : Arsi, Bale, Illubabor and Kefa, and Welega
Group 2 : Gamogofa

Group 3 : Gojam, Sidamo and Welo

Group 4 : Gonder, Harerghe and Tigray

Group 5 : Shewa

The above results suggest that the results of Complete
Linkage method are the same as that of Ward’s method. The

other four clustering procedures gave the same results.
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5.4 SIMILARITY OF REGIONS ON THE BASIS OF OTHER VARIABLES IN

1989,

The pattern of howmogeneity of regions on the basis of
variables other than educational and health service
indicators was studied for the year 1989. Six clustering
procedures were used to classify the Ethiopian regions. The

results are summarized below.

The Single Linkage method gave three distinct groups of

regions. The groups were:

Group 1 : Arsi, Bale, Gamogofa,Gojam, Gonder, Harerghe,
Sidamo, Tigray, Welega and welo
Group 2 : Illubabor and kefa

Group 3 : Shewa

The Complete Linkage method resulted in five distinct
groups of regions each of which is relatively homogeneous on

the basis of the variables considered. The groups were:

Group 1 : Arsi

Group 2 : Bale, Gonder, Harerghe, Sidamo and Tigray
Group 3 : Gamogofa, Gojam, Welega and Welo

Group 4 : Illubabor and kefa

Group 5 Shewa
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The Group Average method resulted in to four distinct

groups of redgions namely :

Group 1 : Arsi

Group 2 : Bale, Gamogofa, Gojam, Gonder, Harerghe,
Sidamo, Tigray, Welega and Welo

Group 3 : Illubabor and Kefa

Group 4 : Shewa

When Centroid method is applied to the above groups of
variables four distinct groups of regions were obtained. The

groups were

Group 1 : Arsi

Group 2 : Bale, Gamcgofa, Gojam, Gonder, Harerghe,
Sidamo, Tigray, Welega and Welo

Group 3 : Illubabor and Kefa

Group 4 : Shewva

The Median method resulted in three groups of regions

each of which is relatively homogeneous. The groups were:

Group 1: Arsi, Bale, Gamogofa, Gojam, Gonder,
Harerghe, Sidamo, Tigray, Weledga and Welo
Group 2 ! Illubabor and Kefa

Group 3 : Shewa
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Ward’s method gave five distinct groups of regions each
of which is relatively wore homogeneous, The groups were :
Group 1 : Arsi
Group 2 : Bale, Gonder, Harerghe, Sidamo and Tigray,
Welega and Welo
Group 3 : Gamogofa and Gojam
Group 4 : Illubabor and Kefa

Group 5 : Shewa

These results reveal that four of the six methods gave
roughly the same results. These methods are Single Linkage,
Group Average, Centroid and Median methods. The difference
lies only on the group membership of Arsi. Ward’s and the

Complete Linkage method gave nearly identical results.

To find out an area of activity in which disparity was
more serious in 1989, the distances at which clusters
combined were compared at each stage of cluster formation
for three groups of variables using the six clustering
procedures . The results are indicated in Tables 5.3- 5.5,

below.
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PABLE 5.3 : THE DISTANCES AT WHICH CLUSTERS COMBINED FOR
THREE GROUPS OF VARIABLES IN SINGLE LINKAGE AND
COMPLETE LINKAGE METHODS (1989)
Stage | Single- Linkage Complete- Linkage
I it IIiT I I1 ITY
1 7244 1.398 .2648 .7124 1.398 . 2649
2 1,6153 ] 1.4684 .5163 i.62 1.627 .5163
3 1.6237 ( 1.627 . 5119 3.476 4} 1.7808 1.2973
4 3.2381 ) 1.7808 . 964 3.836 4} 2.3929 1.7645
5 3.4762 1 2.236 1.1471 3.880 | 2.8975 2.5928
6 4,8376 | 2.3894 1.2233 7.0751 4,735 3.8704
7 5.6388 | 2.7014 2.5316 8.25717.034 7.5772
8 6.08014714.1171 4.1506 9.121 | 13.028 11.804
9 6.3154 | 4.6027 4,9249 12.95 1} 14.818 15.6306
10 9.1215 ] 11.4235 | 9.2171 18.60 | 35.656 26.745
11 9.5297 | 26,1835 | 29,266 32.07 { 42.855 43.8999
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TABLE 5.4 : THE DISTANCES AT WHICH CLUSTERS COMBINED FOR
THREE GROUPS OF VARIABLES IN GROUP AVERAGE AND

CENTROID METHODS (1989)

Group-Average method Centroid method
Stage
I II I11 I I1 ITI
1 .7244 1.398 .2649 .7244 | 1.398 . 2649
2 1.6153 1.627 .5163 1.615 | 1.627 .5163
3 2.7299 j1.7808 L9743 2.326 §1.781 .779
4 3.476 | 2.1829 1.7645% 1 3,378 | 1.8335 1.4969

5 3.5593 2.3145 1.9299 | 3.476 1.9077 1.6957

6 5.8193 | 4.290¢6 2.3656 ] 5.033 3.5955 1.893

7 7.5074 14.4261 | 4.1506 6.150 [ 3.9808 4.1506

8 9.1215 | 7.6363 6.6636 6.418 | 5.8144 4.8541

9 9.6482 { 8.2321 13.1135 [ 92.121 | 4.6721 11.443

10 12.219 | 23.944 15.2062 1 9.303 | 20,9265 | 12.673

11 17.981 | 34.793 35,1505 | 11.46 | 30.3204 31.800
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TABLE 5.5 + DISTANCES AT WHICH CLUSTERS COMBINED FOR
THREE GROUPS OF VARIABLES IN MEDIAN AND

WARD’S METHOD (1989)

Median method Ward’s method
Stage

I 1T III I II I1I
i .7244 1.398 . 2649 .3622 .699 .1324
2 1.615 1.627 5163 1.169 1.5125 . 3906
3 2.326 1.7808 .779 2.720 2.4029 1.1193
4 3.378 1.8334 1.4969 4.458 3.6252 1.9651
5 3.476 1.9077 1.497 6.710 4.897 3.4916
6 4,790 3.9808 2.67 10,48 7.5509 5.4027
7 6.594 4,2963 4.1506 14.91 10.2475 7.478
8 5.120 5.1628 5.4979 19.47 18.9692 11.557
9 8.285 5.3382 8.8275 29.86 30.1822 22.003
10 9.122 18.7109 18.0106 { 44,97 49,2063 36.849
11 10.88 31.8484 31.5208 66 77 66

The values given in Tables 5.3-5.% are the distances
at which clusters are merged at each stage of clustering.

Small wvalues inply that fairly homogeneous clusters are
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being merged. Lardge values show that clusters containing
quite dissimilar members are being conmbined. From these
Tables we can neither strictly find the group of variables
which have relatively large distance values for all stages
nor for the majority of stages. This is an indication that
the relative seriousness of disparity of regions for three
groups of variables was more or less similar to each other

in the year 1989.

5.5 COMPARISON OF THE HOMOGENEITY PATTERN OF REGIONS FOR THE

YEAR 1979 WITH THAT OF 1989.

The results obtained by six agglomerative hierarchical
procedures were used to indicate the change in pattern of
homogeneity of regions 1in ten years time interval (1979-
1989). Each stage of cluster formation in 1979 was compared
to its counterpart in 1989. The results are presented in

Tables 5.6 -5.11.
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TABLE 5.6 : HOMOGENEITY PATTERN OF REGIONS FOR SINGLE-

LINKAGE METHOD IN THE YEAR 1979 AND 1989

Year 1979 Year 1989
Stage
clusters Clusters
combined coeffi- combined coeffi
cient -cient
clul clu2 clu2
clul
1 5 12 10.148 9 12 8.749
2 2 i0 10.923 4 9.221
1
3 2 5 11.717 10 12.199
5
4 2 4 12.152 9 13.931
2
5 1 2 12.315 6 14.146
2
6 1 11 12.653 2 14.922
1
7 1 9 14,704 11 14.986
1
8 1 7 15.333 7 18.877
1
9 1 6 18.228 5 18.927
1
10 1 3 24,749 3 24,932
1
11 1 8 87.719 8 68,998
1

Glancing at Table 5.6 the homogeneity pattern of
regions in 1979 was completely altered in 1989. The column
labelled coefficient indicate the distance at which clusters
combined at each stage of cluster formation. According to

the Single Linkadgde method the distance of Shewa from other
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group of regions declined from 87.719 in 1979 to 68.998 in

1989.

TABLE 5.7 : HOMOGENEITY PATTERN OF REGIONS FOR COMPLETE

LINKAGE METHOD IN THE YEAR 1979 AND 15989,

YEAR 1979 YEAR 1989
Stage
Clusters Clusters
combined Coeffi | combined Coeffi
-cient -cient

Clusl Clus?2 Clusl Clus2
1 5 12 10.148 9 12 8.749
2 2 10 10.923 1 4 9,221
3 4 5 12.305 5 10 i2.2
4 1 i1 14. 07 2 11 14.986
5 2 4 15.036 6 9 22.59
6 1 9 22.233 2 7 22.624
7 3 7 24.749 5 6 23.781
8 2 5 28.833 2 5 40.989
9 1 2 33.766 1 3 49 .856
10 1 3 61.73 1 2 51.856
11 1 8 134.08 1 8 98,261

According to the Complete Linkage method the homogeneity
pattern of regions in 1979 was altered in 1989. The distance of
Shewa from other group of regions declined from 134.078 in 1979

to 98.261 in 1989.

- A AT ol T o e Bt B T e TR Y B St R e e At AT s ot i s R b AR o ST . - g ey s o e € e R 28 -
N R A R e O T T D T e N A T S P AR O e A R ST D U I R Tl S iy




TABLE 5.8: HOMOGENEITY PATTERN OF REGICNS FOR GROUP AVERAGE
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METHOD 1IN THE YEAR 1979 AND 1989,

Year 1979 Year 1989
Clusters Coeffi | Clusters Coeffi-
combined -cient { combined cient
Stage
Clu2 Clul i Clu2
Clul

1 5 iz2 10.148 9 12 8.749
2 2 10 10.923 1 4 9.221
3 2 5 12.159 5 10 12.199
4 1 4 12.315 P 11 14.986
5 7 11 15.333 2 9 17.985
6 1 9 15.899 2 & 20.766
7 1 2 17.611 2 5 23,656
8 1 7 24.941 2 i 28,214
9 1 6 27.107 1 2 33,111
16 1 3 42.610 1 3 42,326
11 1 8 104,39 1 8 83.704




From Table 5.8,

79

We can see that the

homogeneity pattern of

regions in 1979 was almost completely altered in 1989. The

distance of Shewa from other group of regions declined from

104.391 in 1979 to 83.704 in 1989,

TABLE 5.9 @

METHOD IN THE YEAR 1979 AND 1989.

HOMOGENEITY PATTERN OF REGIONS FOR CENTROID

YEAR 1979 YEAR 1989
Stage
Clusters Clusters
combined Coeffi- | combined Coeffi
cient -cient
Clusi Clus?2 Clusl Clus2
1 5 12 10.148 9 12 8.749
2 5 10 9,281 1 4 9.221
3 2 5 8.22 5] 10 12.199
4 2 4 9.01 2 9 13.055
5 1 2 13.562 2 11 14.455
6 1 9 12.267 2 5 14.69
7 1 11 14,825 2 6 13.37
8 1 6 17.874 2 7 19.489
9 1 7 20,057 1 P 21.04
10 1 3 33.271 1 3 30.686
11 1 8 93.1%4 1 8 70.586
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From Table 5.9, we can opserve that the homogeneity
pattern of regions in 1979 is quite different from that of
1989. The distance of Shewa from the group of other regions
declined from 93.154 in 1979 to 70.586 in 1989,
TABLE 5.10 ¢ HOMOGENEITY PATTERN OF REGIONS FOR MEDIAN

METHOD IN THE YEARS 1979 AND 1989,

BARIC Y a L s B AR S Ew ath Moo TR s Wat wte 3 mr e s tor oo Ta s A

YEAR 197¢ YEAR 1989
Stage
Clusters Clusters
combined Coeffi | combined Coeffi
-clent -client
Clusil Clus?2 Clusi Clus2
i 5 12 10.148 ) 12 8.749
2 5 10 9.281 1 4 8,221
3 2 5 8.122 5 10 12.199
4 2 4 2 9 13.0585
10.243
5 1 2 2 11 13.5
11.486
6 1 9 2 6 is5.276
11.006
7 1 11 2 5 14.718
14.424
8 1 7 2 7 21.554
17.559
9 1 3 1 2 27.301
27.084
10 1 6 B 1 3 32.594
37.8056
11 1 8 93.069 1 8 74.32




From Table 5.10, we can see that the homogeneity pattern of
regions in 1979 was completely altered in 1989.

also indicates that the distance of Shewa from other group
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The Table

of regions declined from 93.06%9 in 1979 to 74.32 in 1989,

TABLE 5.11:=

METHOD IN THE YEARS 1979 AND 1989.

HOMOGENEITY PATTERN OF REGIONS FOR WARD’S

YEAR YEAR 1989
Stage
Clusters clusters
combined Coeffi- | combined coeffi
cient ~cient
Clusi Clus2 Clusl | Clus?2
1 5 12 5.074 9 i2 4,375
2 2 10 10.536 1 4
8.985
3 1 4 16.693 5 10
15,085
4 2 5 23.9584 2 11
22.578
5 7 11 31.251 6 9
33.365
6 1 9 39.798 2 7
44,701
7 2 6 53.223 2 6
60.936
8 1 2 70.277 2 5
82.736
9 3 7 91.255 2 3 110.91
7
10 1 3 123.608 1 2 144,29
6
11 1 8 209,00 1 8 209,00




g2

From Table %.11, we can see that the homogeneity
pattern of regions in 1979 was completely altered in 1989,
Ward’s method suggested that the distance of Shewa from
other group of regions in 1989 was the same as that of 1979,
The results of all six clustering procedures suggested that
the structure of similarity of regions in 1979 was altered
in 1989. The decline of the distance of Shewa from other
group of (for methods other than Ward’s method ) regions is
an indication that Shewa is on the way to join the group of
other regions provided that a similar trend as that of 1979~
1989 continues,

5.6 RESULTS AND ANALYSES OF THE CHANGES IN SOCIOECONOMIC

CHARACTERISTICS

An attempt was made to see the disparity of regions on
the basis of the changes in socioceconomic characteristics
between the years 1979 and 1989. To do so the ratios of the
1989 socioeconomic variables to that of 1979 were employed.
Some descriptive measures for these ratios are indicated in
Table 5.12 below.
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TABLE 5.12: SOME DESCRIPTIVE MEASURES FOR THE CHANGES IN
SOCIOECONOMIC VARIABLES

Variable Mean | std coeff.,-of | Minimum | Maximum
dev variation

R, 0.15 10.42 1.21 1.75
1.44

Rz 0.17 10.69 1.32 1.88
1.59

R, 0.10 8.85 1.02 1.36
1.13

R, 0.40 30.77 .62 2.02
1.30

Rq 0.28 22.76 .92 1.88
1.23

R, 0.40 25,32 1.08 2.45
1,58

R, 0.21 18.472 1.00 1.67
1.14

Rg 0.91 32.97 1.33 4,25
2.76

Ry 0.44 17.89 1.53 3.22
2.46

Ryp 0.57 28.22 1.32 2.93
2.02

Ru 0.86 38.05 1.10 4.21
2.26

Rz 0.97 39,27 0.78 4,87
2.47

Ry 0.98 39.52 1.11 3.75
2.48

Ry, 0.61 35.47 1.00 3.21
1.72

R 1.12 39.72 1.69 5.70
2.82
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Variable Mean | std coeff.-of { Minimum |} Maximum
dev variation

Rm 1.2% 38.70 1.81 6.15
3.23

Ryy 0.58% 29.73 1.36 3.33
1.8%

Ryg 0.57 18.87 2,09 3.82
3.02

Rig 1.34 46,53 1.53 6.45
2.88

Rso 0.34 30.63 0.72 1.95
1.11

R, 0.3% 33.98 0.60 1.68
1.03

R,, 1.36 67.00 0.88 6.08
2.03

R, 0.92 40.35 0.93 4.37
2.28

From Table 5.12, we can observe that there is a large
gap between the minimum and maximum values of the ratios for
most of the cases. This could be an indication of the
existence of regional wvariation in the changes of
socioeconomic characteristics considered in this particular

study.

Table 5.13 shows the sgquared Euclidean dissimilarity
coefficient matrix for all possible pairs of the 12 regions

based on the ratios of socioceconomic variables in the year
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1989 to that of 1979, The smallest distance in the matrix is

3.2644, This indicates that the most similar regions in the

changes of

Gojam.
TABLE 5.13
MATRIX(RATIOS)

Case 1
2 9.255%6
3 36.8709
4 3,2644
5 14.0938
& 12.3008
7 26.9930
8 15.6780
9 17.8530
10 27.7702
11 18.6290
12 12.7771
Case 5
6 8.2522
7 30.5822
8 16.0126
g9 12.0132
10 10.6012
11 14.9192
12 10.1701

Case 9
10 8.4592
11 6.0084
12 8.0823

socioeconomic characteristics

were Arsi and

SQUARED EUCLIDEAN DISSIMILARITY COEFFICIENT

41.8021
10.9648
28.3040
17,0988
37.2712
17.9962
22.1688
37.8690
22.1210
16.6095

6

32.06686
11.2478
10.2730
13.6928
9.8834
4.7155

10

11.1290
8.6609

37,2413
75.1413
78,8851
76.8437
75.0851
79.2075
107.1807
84,9369
75,1136

27.5396
32.8614
44,6760
28.7944
29,9853

11

8.6055

12.8284
11.9696
22.4296
15,2338
18,7730
28.6732
21.0782
11.6381

8

11.4734
13.8592
7.3074
5.9451

The results of the six clustering procedures which are

based on dissimilarity coefficient matrix of Table 5.13 are

_qiven below.

The Single Linkage method resulted in three distinct

groups of regions,

The groups were




e o T T B L U ey e A T M Y P R A S A N PO R S YR PV B AT S U DS I T |

86

Group 1 : Arsi, Bale, Gojam, Gonder, Harerghe, Shewa,
Sidamo, Tigray, Welega and Welo
Group 2 : Gamogofa
Group 3 : Illubabor and Kefa
The Complete Linkage method gave nine distinct groups
of regions. The groups were
Group 1 : Arsi and Gojam
Group 2 : Bale
Group 3 : Gamogofa .

Group 4 : Gonder

Group 5 @ Harerghe and Welo
Group 6 : Illubabor and Kefa
Group 7 : Shewa
Group 8 : Sidamo and Welega
Group 9 : Tigray

The Group Average method resulted in four distinct

groups of regions., The groups wvere:

Group 1 : Arsi, Bale and Gojam
Group 2 : Gamogofa
Group 3 : Gonder, Harerghe, Shewa, Sidamo, Tigray,
Welega and Welo

Group 4 : TIllubabor and Kefa



The Centroid method gave four distinct groups of

regions.

Group 1
Group 2

Group 3

Group 4

The Median method resulted in four distinct groups of

regions.
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The groups were :

Arsi, Bale, and Gojam

Gamogofa

Gonder, Harerghe, Shewa, Sidamo, Tigray,
Welega and Welo

Illubabor and Kefa

The groups were:

Group 1 : Arsi, Bale and Gojam

Group 2 : Gamogofa

Group 3 : Gonder, Harerghe, Shewa, Sidamo, Tigray,

Welega and Welo

Group 4 : Illubabor and Kefa

Ward’s method resulted in nine groups of regions. The

groups were :

Group 1 : Arsi and Gojam

Group 2 : Bale

Group 3 : Gamocgofa

Group 4 : Gonder

Group 5 : Harerghe and Welo

Group 6 : Illubabor and Kefa
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Group 7 : Shewa

Group 8 : Sidamo and Welega

Group 9 : Tigray

Three of the six methods gave the same results. These
are the Group Average , the Centroid and the Median
methods. According to the Complete Linkage and Ward’s
metheod, almost all regions were dissimilar. Most of the
regions were in a separate droup. This could be an
indication that regions were dissimilar in the changes of

their socioeconomic characteristics.

5.6.1.COMPARISON OF THE EXTENT OF SIMILARITY OF REGIONS FOR
THREE GROUPS OF RATIOS REPRESENTING CHANGES IN

SOCICECONOMIC VARIABLES

We have already observed that the existence of regional
disparity was quite obvious on the basis of changes in
socioecononic variablés. Similarity of regions at
disaggregate level was also considered to search for an area

of activity in which disparity was more severe,

The six clustering procedures were applied to each of
the following group of ratios.

I. EDUCATION : R, TO R,

II. HEALTH : R, TO Ry,

I1IT. OTHERS : R, TO Ry, Ry, TO Ry
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The distances at which clusters combined at each stage
of cluster formation were compared for three groups of
variables using six clustering procedures. The results are

indicated in Tables 5.14- 5.16,

TABLE 5.14: THE DISTANCES AT WHICH CLUSTERS COMBINED FOR
THREE GROUPS CF RATIOS IN SINGLE-LINKAGE AND

COMPLETE~ LINKAGE METHODS.

Single Linkage Complete Linkage

Stage T 11 I1I I II III
1 1.39 . 597 087 [ 1.392 . 597 . 087
2 1.95 .634 . 396 1.957 .634 .396
3 2.15 .68 406 2.545 .68 .581
4 2.52 777 .582 3.408 .85 .588
5 2.59 .85 .588 4.128 1.262 1.276
6 2.72 . 885 734 4,868 1.436 1.356
7 2.94 1.093 .833 5.023 2.007 1.382
8 3.40 1.494 .924 7.367 2.389 2.256
9 3.58 1.726 1.27 13.83 3.243 5.078
10 5.06 1.774 2,956 29.41 6.722 14.639
11 27.4 2.965 14.257 | 96.01 | 11.162 28.66
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TABLE 5.15: THE DISTANCES AT WHICH CLUSTERS COMBINED FOR
THREE GROUPS OF RATIOS IN GROUP-AVERAGE AND

CENTRCID METHODS

Group-Averadge method Centroid method
Stage I IT ITY I 1Y ITI
1 1.39 0.597 0,087 1.392 0.597 0.087
2 1.96 0.634 0.396 1.957 0.634 0.396
3 2.34 0.680 0.582 1.856 0.68¢0 0.505%
4 3.19 0.850 0.588 2.46 0.850 0.588
5 3.41 1.619 0.973 3.248 0.870 0.802
6 3.79 1.265 1.138 3.17 1.106 0.935
7 4.49 1.607 1.724 3.448 1.145 1,248
8 5.02 1.896 1.760 3.788 1.683 1.189
9 7.55 3.095 2.219 5.761 2.457 2.276
10 13.5 3.586 7.042 10.39 2.580 6.252
95
11 55.5 4.774 22.285 51,58 4.145 21.05
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TABLE 5.16: THE DISTANCES AT WHICH CLUSTERS COMBINED FOR
THREE GROUPS OF RATIOS IN MEDIAN AND WARD'’S

METHODS
MEDIAN method WARD’S method
Stage I IT I1Y I I ITI

1 1.392 0.597 0.087 0.696 0.298 0.044
2 1,957 0.634 0.396 1.675 0.616 0.242
3 1.856 0.680 0.505 2.912 0.955 0.532
4 2.372 0.850 0.588 4.616 1.381 0.826
5 3.448 0.870 0.743 6.461 1.961 1.490
6 3.547 1.106 1.013 8.76 2.698 2.175
7 3.53 1.170 0.977 11.456 3.82 3.131
8 4.062 1.680 1.063 14,525 5.194 4.601
9 6.597 2.275 3.444 20.584 7.252 7.902
10 16.952 3.270 8.508 41.124 | 12.037 13.585
11 47.658 4,069 22.846 90.558 | 19.717 32.881

The results of Tables 5.14- 5.16 reveal that the
distances for ratios in group I are larger than those of the
remaining two groups at each stage of cluster formation for
all clustering methods . This is an indication that regions
were more dissimilar in the changes of educational services

in the time interval 1979 - 1989
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CHAPTER VI

DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS

In the preceding chapters we tried to express some of
our ideas about the results found in this study. We would

like to sum up these ideas now.

Cluster analysis was used to study the degree of
similarity among regions of Ethiopia on the basis of some
socioeconomic characteristics. In order to see the
similarity structures of regions, we applied the six
agglomerative hierarchical clustering procedures on the data
of the vyears 1979 and 1989 separately. The similarity
structures of regions which were obtained by using the six
clustering procedures on the 1979 data, were compared with
the similarity structures of regions which were obtained by
using the same six procedures on the 1989 data. Regions were
also grouped on the basis of changes in the socioecononic
characteristics by applying the six agglomerative clustering

procedures on the ratios of the year 1989 to that of 1979

The conclusions of our results are limited by the
amount of variables included in the study. On the bhasis of
the socioeconomic characteristics considered in the study

the following conclusions were drawn.
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From the analyses of the 1979 data we conclude that :

I. The study of the homogeneity pattern of the
Ethiopian regions for the year 1979 indicated the

existence of considerable variation among regions,

II. The existence of at least four and at most eight
groups of regions was confirmed depending on the

clustering method employed.

IITI. Shewa was at a far distance from other group of

regions in the year 1979 .

IV. The study to search for an area of activity in
which disparity was relatively more serious showed
that Ethiopian regions were more dissimilar on the

basis of variables representing educational

services in 1979.

V. The twelve regions were grouped neither strictly
along ethnic or linguistic lines nor on the basis

of entirely geographical proximity.
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From the analyses of the same sort for the 1989 data we

conclude that

I. The existence of regional variation was quite
obvious in the year 1989,

II. The results revealed that there were at least five
and at most eight groups of regions depending on
the clustering method used.

III. Shewa was at a far distance from other group of

regions but at a shorter distance as compared to

that of the year 1979.

IVv. The study to search for an area of activity in
which disparity was more severe did not show a
clear answer for the 1989 data. This could ke an
indication that the relative seriousness of
disparity among regions for three groups of
variables became more or less similar to each

other in the year 1989

V. The twelve regions were grouped neither strictly
along ethnic or linguistic lines nor on the basis
of entirely geographical proximity for the 1989

data.
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When we compare the similarity structures of regions
for the two specified Calendar years, the structures in the
year 1979 were completely altered in 1989. The distance of
Shewa from other group of regions Qeclined in 198% as
compared to that of the year 1979. This could be an
indication that Shewa was on the way to join the group of
other regions. However, this does not mean that the
disparity among regions of Ethiopia shows a decline; because
some regions which were similar in the year 1979 became
dissimilar in 1989 and the minimum number of clusters

obtained in 1989 was also larger than that of 1979.

In dealing with the changes in the socicecononic
characteristics of regions a considerable variation was
observed in that regions were grouped from three (8ingle-
linkage method ) to nine ( Complete-Linkage and Ward’s
methods ) groups. According to the Complete Linkage and
Ward’s methods almost all reglons were dissimilar in the

changes of their socioeconomic characteristics.

Finally we recommend the following :

1. The variation in the changes of socioeconomic
characteristics of Ethiopian regions needs
special attention ; otherwise it may aggravate

the existing disparity among regions.
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II. our results endorsed the view that the
agglomerative hierarchical clustering procedures
can serve as good statistical measures to compare
the socioeconomic status of regions in a fairly
remote past with that of the present.

I1I. The study was made at the regional level and,
therefore, the results refer to regions., But it
is our belief that such methods can be useful
tools if one goes down the regional hierarchy and

considers the Awraja and Wereda regional unifs.
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APPENDICES

Appendix I The 1979 sociceconomic data

Region’s Urban Population Total Population Length of
roads
Code in thousand in thousand in Kms.
1 99.40 1119, 30 197
2 47.10 856.10 225
3 44.30 977.10 213
4 179.70 1984.40 837
5 153.30 1999.60 827
6 257.60 3043.20 1727
7 176.50 2362.90 1292
8 1697.40 6195.30 2425
g 201.30 2734.70 982
10 182.90 2105.40 600
i1 112.20 1966.30 692
12 172.50 2544.10 981
Region's Area in 1,000 Num. of Num.of Num.of
Code 5q. Kms, Hospital Health Health
Beds Centers Stations
1 24.60 168 5 51
2 128.30 189 4 59
3 40.10 131 8 85
4 64.40 248 8 74
5 73.40 336 13 82
8 254.80 930 13 118
7 103,80 373 16 172
8 85.50 3761 17 172
9 116.70 470 9 106
10 65.70 410 9 86
11 69.80 306 8 102
12 79.00 449 13 120
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Num. of Num. of Num. of
Num,of Primary Primary Junior
Region‘'s HNum. of Primary School School Secondary
Code Hospitals Schools Teachers Pupils Schools
1 2 146 1288 52678 31
2 1 136 874 28077 13
3 3 146 971 47466 14
4 3 254 1831 58247 28
5 3 249 1574 40427 19
6 10 367 1871 59066 50
7 5 4472 2052 128184 53
8 24 1214 8391 463590 236
9 S 298 2509 131094 32
10 4 436 2073 54270 26
11 4 579 2394 1851135 91
12 5 410 2122 80470 3s
Num. of Num. of Num, of
Junior Junior Num., of Senior
Secondary Secondary Senior Secondary
Region‘s School School Secondary School
Code Teachers Pupils Schools Teachers
1 155 6509 6 135
2 91 2866 3 67
3 96 3325 5 130
4 207 7676 9 203
5 274 7665 11 176
6 306 7261 9 157
7 201 9721 16 163
8 1264 66798 51 1579
9 298 11243 8 234
10 208 7036 8 165
11 262 13869 12 197
12 261 9825 11 229
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Num. of
Senior Area Under Production Num. of
Secondary Major crops of Major Agricultural
Region’s School Per 1, 000 Crops per Extension
Code Pupils Hectares 1,000 quintals Workers
1 6077 355.4 4462.10 0
2 2472 196.7 1441.20 75
3 2580 137.9 1158.20 136
4 8268 806.7 8163.20 222
5 7568 600.0 6152.5%0 185
6 12135 355.9 6535, 30 248
7 7149 411.9 5922.80 341
8 71661 1464.6 20%77.30 690
9 9622 161.9 2073.50 130
10 7805 269.8 2315.60 195
11 12568 504.7 6592.30 225
12 9082 562.7 6592. 30 203
Num.of Num. of tum. of Num,.of
Region’s medical Num. of Health Telephone Post
Code doctors Nurses Assistants Lines Offices
1 5 28 179 443 13
2 6 25 107 355 11
3 4 31 174 248 g
4 13 52 225 1163 20
5 14 55 246 2493 29
& 27 78 344 3177 50
7 20 63 344 2760 37
8 258 72% 1871 40153 108
9 12 57 242 1069 29
10 7 48 246 1111 26
11 14 64 290 659 29
12 18 60 360 1509 45
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Appendix II The 1989 socioceconomic data

Region’s Urban Population Total Population Length of

Code in thousand in thousand roads

in Kms.

1 132.73 1914.39 235

2 82,40 1159,29 230

3 63.51 1436.21 22%

4 262,37 3737.31 977

<) 248.80 3365.18 874

6 334.36 4792,52 1891

7 213.04 3928.68 1645

8 2452.,12 11044.,93 2792

9 278,03 4364,13 998

10 272.62 2779.98 670

11 146,82 2850,0% 942

12 275,54 4193,58 1043
Region’s Area in 1,000 Num. of Num.of Num.of
Code Sg. Kms. Hospital Health Health

Beds Centres Stations
i 23.70 205 7 103
2 127.10 118 5 83
3 40G. 30 265 10 124
4 61,20 414 S 117
5 79.60 561 i3 132
6 272.60 1030 12 164
7 103.00 562 16 250
8 85.30 4117 32 422
g 119.80 353 1Q 137
i0 64.90 570 10 102
11 70.50 444 13 209

12 82.10 433 14 130
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Num. of Hum, of Rum, of
Num,of Primary Primary Junior
Region’s HNum. of Primary School School Secondary
Code Hospitals Schools Teachers Pupils Schools
1 2 400 3635 176614 47
2 1 321 2445 91219 21
3 5 615 4733 178110 45
4 4 776 4608 215690 64
5 4 654 3769 96683 43
6 11 796 4649 192924 77
7 5 997 6447 2971750 83
8 24 1661 15066 828305 420
9 5 660 4927 173262 43
10 4 597 1607 61515 26
11 5 637 5221 206062 103
12 5 693 4082 184161 47
Num. of Num. of Num. of
Junior Junior Num. of Senior
Secondary Secondary Senior Secondary
Region’s School School Secondary School
Code Teachers Pupils Schools Teachers
1 558 27713 14 447
2 292 11951 10 256
3 549 204867 10 473
4 644 32262 18 598
5 478 17815 19 438
6 545 20154 17 545
7 645 26121 22 548
8 3656 165462 87 4195
9 638 24904 12 567
10 352 12779 12 346
11 683 32928 18 702

12 573 22416 15 574
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Num.of
Senior Area Under Production Num. of
Secondary Major Crops of Major Agricultural
Region’s School Per 1,000 Crops per Extension
Code Pupils Hectares 1,000 quintals Workers
1 19270 46%9.10 7025.87 187
2 10480 175.92 1895.50 55
3 16631 268.47 1951.85% 163
4 26441 897.72 7823.77 312
5 17957 479.67 4723.15 139
6 18524 331.27 5130.74 202
7 19992 354.34 4738.62 169
8 182635 1438.67 17442.57 549
9 21526 202.68 2457.04 122
10 13842 366.79 2017.41 146
il 25850 365. 39 3973. 46 156
12 19866 645,57 6879.94 205
Num,.of Num, of Num, of Num. of
Region‘s Medical Num. of Health Telephone Post
Code boctors Nurses Assistants Lines Qffices
1 17 70 366 890 23
2 8 20 230 1056 19
3 17 64 316 1084 16
4 40 138 400 2714 50
5 56 143 436 2327 37
6 58 175 687 5606 61
7 62 203 994 3373 225
8 457 1119 2588 102109 264
9 32 171 710 3291 37
10 23 116 343 1993 23
11 30 173 790 1603 46

12 35 130 474 2950 75




