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Abstract

This study examined and compared the objectively-weighted, expert-based-weighted and
stakeholder-based weighted Scalogram approaches based on their centrality indices and
factors considered in assigning weights to the functions. A mixed-method approach,
comprising both quantitative and qualitative techniques were employed to gather primary and
secondary data for the study. All the three Scalograms with different weighting techniques were
analyzed in Microsoft Excel, focusing on centrality and weighted centrality indices and simple
linear regression models. The study discovered that the grand total centrality index of the
objective Scalogram is 4,105.60, the expert-based Scalogram is 10,294.2 while the
stakeholder-based one is 10,429.80. The co-efficients of determination for the three are 0.9892,
0.9757 and 0.9812 respectively, giving explanatory powers of 98.92%, 97.57% and 98.12%
respectively. It is recommended that due to resource constraints, planners should rely more on
the objective-based approach, followed by the stakeholder-based approach and then the
expert-based approach, since the latter approach has rather reduced the explanatory power of
population by increasing values of the centrality indices. Again, bottlenecks to the development
of Area Council headquarters (intermediate settlements between Wa and lower-level
settlements) should be tackled for efficient spatial distribution of functions. The contribution of
this article to the spatial and development planning literature is its juxtaposition of the three
techniques in Scalogram analysis.
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Introduction

Functionality analysis in regional development planning provides understanding of
settlements’ functional complexities and their hierarchies (Christaller, 1966; Marshall, 1969;
Rondinelli, 1985; Asare, 1994). It is traceable to the Central Place Theory (CPT) by Walter
Christaller in 1933, which explains the spatial arrangements, functionality and hierarchy of
settlements in a region (Mandal, 2001; Christaller, 1933 translated by Baskin, 1966; Berry &
Garrison, 1958). In CPT, high order settlements have functions with larger threshold and range
than lower order settlements because they provide more specialized functions than low order
settlements (Van Meeteren & Poorthuis, 2017), leading to dominance of one or two primal

cities with smaller cities focusing on it (McCann, 2001).

Following the CPT, the Scalogram among other methods, has been devised to classify
settlements into hierarchies (Jufri & Nonce, 2016; Kharate, 2009; Isard, 1960; Tiwari Khan,
1984; Rondinelli, 1985). A Scalogram in its basic form is an array of the presence or absence
of functions in settlements (Rondinelli, 1985; Spaliviero, 2004). In terms of classifying places
into levels, a summation of the different types of functions present in each settlement does not

provide an adequate measure of comparability because functions differ in value (Davies, 1966).

In the literature, Scalogram analysis of settlement functions is associated with three different
weighting techniques. They are objective-based weighting, expert-based weighting and
stakeholder-based weighting techniques (Ali & Varshney, 2012; Adarkwa, 2014; Rondinelli,
1985). Concerning the objective-based weighting technique, analysts simply divide a constant
centrality index of 100 (based on the assumption that all settlements have all the functions
required within the spatial unit under consideration) by the frequency of a function in all
settlements (Rondinelli, 1985; Spaliviero, 2004). Building on the objective-based weighting

approach, a second technique has been developed by experts in which weights are assigned in
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a descending order of importance. The limitations in these two approaches have resulted in a
third weighting technique where stakeholders assign weights to functions not in any particular

order of importance (Ali & Varshney, 2012; Adarkwa, 2014; Grove & Huszar, 1964).

Even though the three different Scalogram analyses have been in existence for some time now,
a comparison of their outputs is lacking in develop planning literature. This study attempts to
compare the centrality of settlements of the three methods in the Wa Municipality in the Upper
West Region of Ghana to serve as a basis for recommendation in their applications. The
findings of the study on settlements functionality will also guide decision making in meeting
Sustainable Development Goal 11 - make cities and human settlements inclusive, safe, resilient
and sustainable (United Nations, 2015). Specifically, it will inform decision-making regarding
the provision and location of services in any local authority area aimed at strengthening urban-
rural linkages as well as promoting territorial cohesion and complementarities between higher
and lower order settlements. The rest of the paper is structured as follows: immediately
following the introductory section is the description of the analytical framework, which also
serves as a theoretical framework for the study; study area and methodology; results and

discussion; conclusions and policy recommendations.

Theoretical Framework

To achieve the study objective, three Scalogram analytical techniques were employed- the
objective-based weighting analysis, expert-based weighting and stakeholder-based weighting
Scalogram analysis, which also serves as a theoretical framework that foregrounds the study.
The objective-based weighting Scalogram analysis was guided by Spaliviero (2004) and

Rondinelli (1985) in the following steps:
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Table 1: The objective-based weighting Scalogram analytical approach

Steps Corresponding/Required Activity

1

On the left side of a worksheet, list settlements as rows in descending order of their
population;

Across the top of the worksheet, list functions in the region by groups (e.g. education,
health, security etc). For each group, arrange functions from most centralised to the
least non-centralised function;

Fill in with a dark color, an "X", or ‘1 in all cells in which a function is actually found
in a settlement and leave cells for which a function does not appear in a place blank or
filled with "O".

Add a row below the last settlement and name it ‘number of settlements with a
function’ (N). To compute this, simply add up the number of times a function appears
across the settlements.

Add another row below the variable “number of settlements with a function’ and name
it ‘centrality index’ (T). This is assumed to be 100 for all functions, with the
explanation that all settlements have all the functions they are expected to have.

Add another row below the centrality variable and name it ‘weighted centrality score’
(C), which is computed for each function as T/N.

Add a column after the last function on the right side of the worksheet, and name it
‘total weighted centrality index’. For each settlement, sum up the weighted centrality
scores of all functions to obtain the total weighted centrality indices for all settlements.
Sum all the total weighted centrality indices to obtain the grand total weighted
centrality index.

Add another column after the total weighted centrality index column and name it
percentage total weighted centrality index. This is computed by dividing the total
weighted centrality index for each settlement by the grand total weighted centrality
index and multiplying the result by 100.

Classify settlements into orders (e.g. 1% order, 2" order, 3™ order etc) based on the
total weighted centrality indices as well as the presence of centralized/non-centralized
functions in settlements.
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The expert-based weighting Scalogram analytical technique including the weighted centrality
index computation also follow the illustration in Table 2 as formulated by by Adarkwa (2014:
37 - 38) and Grove and Huszar (1964).

Table 2: The Expert-based weighting Scalogram analytical approach
The last approach is the stakeholder-based weighting Scalogram analytical technique (Ali &

Varshney, 2012) as detailed in Table 3.
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Table 3: The Stakeholder-based weighting Scalogram analytical approach

Steps Corresponding/Required Activity

1

The first two steps are similar to the objective-based weighting analytical approach
in Table 1.

For each group of functions, let stakeholders assign weights (Wi’]’-) in the form of 1,
3, 2,5, 6,4, 7 to functions, with ‘1’ allocated to the least important and ‘7’ the most
important. where: Wi’]’- = the weight assigned to the facility j in sector b and located
in settlement i. v = the total number of different facilities under consideration in
functional sector b. Weights assigned here are based on importance attached by
stakeholders, thus are in a jumbled form instead of the ascending and descending
orders as occurred in the first two weighting approaches. The empirical order of
weights in this study, shown numerically above, can be depicted symbolically as p,
r,q,t, u, sand v, all occurring in sector, say b, which in this study is exemplified by
the educational sector.

Fill in with a dark color, an "X", or ‘1’in all cells in which a function is actually
found in a settlement and leave cells for which a function does not appear in a place
blank, or filled with "O”.

Add a row below the last settlement and name it ‘number of settlements with a
function’ (N). To compute this, simply add up the number of times a function appears
across the settlements.

Add another row below the variable ‘number of settlements with a function’ and
name it “centrality index (T)”. This is assumed to be 100 for all functions, with the
explanation that all settlements have all the functions they are expected to have.

Add another row below the centrality index (T) and name it “weighted centrality
index (C)”, computed for each function as (T*Wil]’-)/ N.

Add a column after the last function on the right side of the worksheet, and name it
‘total weighted centrality index’. Sum up the weighted centrality indices of all
functions to obtain the total weighted centrality index for each settlement. Again,
sum up all the total weighted centrality indices in this column to arrive at the grand
total weighted centrality index for the whole Scalogram.

Create a column after that of the total weighted centrality index and name it
“percentage total weighted centrality index” and compute the percentages based on
the grand total weighted centrality index.

Classify settlements into orders (e.g. 1st order, 2nd order, 3rd order etc.) based on
the total weighted centrality indices.
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Study Area

The Wa Municipality of Ghana was purposively chosen for the study because the Municipality
is the most urbanized settlement within the Upper West Region and deemed to have the full
complement of all functions in all settlements within the Region that can be used for the

analysis. Figure 1 is map of Wa Municipality depicting the twenty study communities.
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Figure 1: Map of Wa Municipality depicting the 20 [twenty] study communities
Source: Authors’ Construct (April 2019)

Wa doubles as the capital of Upper West Region and the Municipality. The projected
population for the Municipality for 2019 was 129,546 (Wa Municipal Assembly [WMA],
2019). Its rural/urban population split is 34%/66%. The Municipality has 73 settlements,
comprising 72 rural and 1 urban settlements (2018-2021 WMMTDP, 2019). The Municipality

has five area/town councils, which include Wa, Busa, Chere, Boli and Kpongu Area Councils.

180



Ghana Journal of Geography Vol. 13 (2), 2021 pages 174-205

Methods

The study adopted a mixed methods approach, using both qualitative and quantitative methods
for data collection and analysis (Kumar, 2019; Creswell, 2009). Each of the Scalogram analysis
techniques was done using settlements, their functions and populations. Data on settlements
and their populations were sourced from Wa Municipal Assembly (2019) and Ghana Statistical
Services (2014). To minimize cost of data collection, 19 rural settlements and Wa, the only
urban settlement in the Municipality were used in the study. A simple random sampling method

was employed in selecting the rural settlements (see Tables 4, 5 & 6).

Data on the presence/absence of functions in settlements were collected from the Municipal
Development Planning Office using an appropriately developed checklist. These were
validated by a cross-section of 20 assemblypersons. The assemblypersons also identified and
validated the presence/absence of forty-one essential functions for each of the settlements
under study in two separate focus group discussions, each made up of 10 discussants. These
functions were broadly classified into 11 categories and used for the analysis (see Tables 4, 5

& 6).

Stakeholder-weighting Scalogram analysis requires data on the relative weights (importance)
of functions based on their value judgement. To obtain this, Assembly persons ranked the
weight of functions, using 1, 2, 3, ... n, with 1 being the lowest and n the highest for functions
within each broader domain. For each function, the weights assigned by stakeholders were
averaged to arrive at its overall weight (see Table 6), which were based on their judgements,
experiences, sentiments, views and/or perceptions; as such, the weighting was not done either

in an ascending or descending order as in the previous cases, but muddily.

After data collection, each Scalogram was manually constructed following the steps outlined
in section 3 of the paper. A final Scalogram, showing the ubiquity of functions, centrality
indices and order of settlements was presented in a form of matrices for each technique. This

181



Comparing Weighting Approaches in Scalogram Analysis in the Wa Municipality in the
Upper West Region of Ghana

was supplemented by a proportional map showing the spatial configuration of settlements
functionality. The relationship between population and the total weighted centrality indices
was explored using a simple linear regression model and scatter-gram. The regression model
is theoretically specified as: Y = a + [ X . where, Y is the dependent variable representing
the centrality index of settlements in the Municipality, x is the independent variable
representing the population figures of settlements in the Municipality while o and  are
parameters determined using observations on population and computations of centrality indices
based on ubiquity of functions in settlements in the Municipality. Alpha (o) is the autonomous
value of the centrality index; that is the value of centrality index when population is zero (when
no human beings are living in the Municipality). Beta (B) is the magnitude with which x
(population) changes when there is a unit change in Y (centrality index) within the

Municipality.

Results and Discussion
Obijective-based Weighted Scalogram

As mentioned earlier in section 3, all three Scalogram approaches applied in this study were
constructed with 20 settlements and 41 functions. The number of times a function appears in
settlements (i.e. number of settlements with a function) ranged from 1 for university,
polytechnic, regional hospital, court, regional police station, district police station, fire station,
post office, postal agency, radio station, hotel, commercial banks, rural banks, credit unions,
storage facility and administration to 20 for borehole, pit latrine and mobile communication
service. All functions with a frequency of 1 in the Municipality were regarded as centralized
functions, those with frequencies between 2 and 9 were viewed as semi-centralized functions

while those with frequencies between 10 and 20 were classified as non-centralized functions.
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The weighted centrality score of functions in the objective-based weighted Scalogram ranged
from 5 to 100 (Table 4). It indicates the degree of centrality of functions. The higher the
weighted centrality score of a function, the higher its threshold and range. It is worth stating
that the weighted centrality score of a function in the objective-based weighted Scalogram is
inversely proportional to its frequency. As shown in Table 4, the higher the number of times a

function appears in settlements, the lower its weighted centrality score and vice versa.

The total weighted centrality index (centrality index for short) of each settlement was
established by summing up the weighted centrality scores of functions for all functions that are
present in a settlement. The centrality indices of settlements indicate their relative functionality.
The higher the centrality index of a settlement, the higher its functionality. From Table 4, the
centrality indices of settlements ranged from 2,106.4 for Wa to 29.4 for Mojon. Wa shows a
clear predominance over other settlements. Bamahu has the second highest centrality index of
290. The grand total weighted centrality index for the whole Municipality is 4,105.6. This is
with computational error margin of 5.6 due to rounding up of decimals as grand total weighted
centrality index is expected to equate the total centrality index, which stands at 4,100.00 (Table

4).

Settlements were manually ordered based on their centrality indices together with a cursory
analysis of the category of functions (centralized, semi-centralized and non-centralized) they
possessed. Two hierarchical levels of settlements were identified (Table 4). On top of the
hierarchy is Wa. Wa was classified as 1*! order because it shows a clear predominance over
other settlements using the centrality index. Besides, it also has central functions like,
polytechnic, regional hospital, court, regional police station, district police station, fire station,
post office, postal agency, radio station, hotel, commercial banks, rural banks, credit unions
and storage facility, which are absent in other settlements. Below Wa, all other settlements

were classified as 2" level settlements. This is because their centrality indices are not
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significantly different. In addition, they are generally dominated by semi-centralized and non-
centralized functions like kindergarten, primary school, borehole, mobile service and pit

latrines (Table 4).
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Table 4. Objective-based weighted Scalogram
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Relation between population and centrality indices of objective-based weighted Scalogram

Based on Table 4, the linear regression equation presented below was obtained (see Adarkwa,

2014): y=0.0238x + 67.344 (1)
where, y=dependent variable (centrality index) and x=independent variable (population).

From the above linear equation, the centrality index of a place without people or when
population becomes zero is 67.344. This is possible because some functions like

telecommunication network and roads are often provided in advance of settlement evolution.
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Figure 2 Scatter-gram of population and centrality indices based on objective-based
weighting

Source: Authors’ construct (July 2019)

The positive value of the gradient (Figure 2) shows that there is a direct relationship between
population values and the centrality indices. That is to say, that increasing values of population
may lead to the provision of additional services and facilities that will result in additional
centrality indices. In addition, the coefficient of determination (R?) was calculated to be 0.9892

as shown in Figure 2. The R? shows that although there are other factors that may influence the
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centrality index of settlements within the Wa Municipality, population alone explains almost
99% of the factors. Other factors such as the location of the settlement, political decisions and
the functions of the settlements are also considered (Adarkwa, 2014). However, all these

factors put together account for only one percent of the centrality index.
Expert-based Weighted Scalogram

The result of the expert-based weighted Scalogram is presented in Table 5. Unlike the
objectively weighted Scalogram, functions under this technique are assigned weights by levels.
In each group of functions, the most centralized function gets the highest weight while the least
non-centralized function gets the lowest weight (Table 5). For instance, the weights for
education related functions ranged from 7 for university to 1 for kindergarten. From Table 5,
the minimum weighted centrality score is 5 while the maximum is 700. The higher the weight
of a function, the higher its centrality and vice versa. In this technique, the weighted centrality
score of a function is determined by two factors — weights assigned to functions and the number
of times a function appears in settlements. Whereas higher weight increases the weighted
centrality score, a higher frequency rather reduces the weighted centrality score. Thus, a high

weighted centrality score of a function arises from a higher weight and/or a lower frequency.

The centrality indices of the expert-based weighted Scalogram ranged from 29.4 for Mojon to
5,949.2 for Wa. The difference between the centrality index of Wa and that of the second
highest settlement (Bamahu) is 4,816.5. Unlike the objectively-weighted Scalogram in which
the grand centrality index and grand total weighted centrality index are equal, under the expert-
based weighting Scalogram, the grand centrality index still stands at 4,100.00; however, the
grand total weighted centrality index is as high as 10,264.2. This variation is due to the weights
assigned to the functions aside from the objective-based weighting system of the Scalogram.

Like the objective-based weighted Scalogram, Wa shows a clear predominance over other
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settlements in terms of the centrality index. Settlements were manually classified into two
orders based on their centrality indices and a careful analysis of the types of functions present
in settlements. On top of the hierarchy is Wa, which assumes a position of a 1% order settlement
due to its high centrality index over other settlements and the presence of central functions like
polytechnic, regional hospital, court, regional police station, district police station, fire station,
post office, postal agency, radio station, hotel, commercial banks, rural banks, credit unions
and storage facility. These are not present in other settlements (Table 5). Below Wa, all other
settlements were classified as second level settlements as there is no significant difference
among their centrality indices (Table 5), with dominance of semi-centralized and non-

centralized functions.
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Table 5: Expert-based weighted Scalogram
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17 | TAMPIANI 637 * * * 11 106.3 1.0 J2nd
18 |KPONGPAALA 390 * * 7 162.7 1.6 2nd
19 |DANDAFURO 337 * * 8 77.4 0.8 f2nd
20 MOJON 202 * 5 294 0.3 2nd
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Relation between population and centrality indices of expert-based weighted Scalogram

A simple linear regression model of the relationship between population and the centrality

indices of settlements based on expert-based weighted Scalogram is as follows:
Y =0.0682x + 124.43 1)
where, y = dependent variable (centrality index) and x = independent variable (population).

From the regression, the centrality index of a place without people or when population becomes
zero is 124.43. The positive value of the gradient depicted in Figure 3 shows that there is a
direct relationship between population values and the centrality indices. In addition, the R? is

0.9757. This implies that population alone accounts for 97.6 percent of the factors that

influence the centrality index of settlements.

7000 -

y =0.0682x + 124.43
R2=0.9757

6000 -

5000

w B
o o
o o
o o

Centrality Index

0 20000 40000 60000 80000 100000
Population

Figure 3: Scatter-gram of population and centrality indices based on expert-based weighting

Source; Authors’ construct (July 2019)
Stakeholder-based Weighted Scalogram

Unlike the expert-based weighted Scalogram where weights of functions were allocated by an
expert, weights under this approach were assigned by stakeholders. It is interesting to note that

University, the highest level of function under education related functions was weighted the
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least (1) by stakeholders while Kindergarten, the lowest level of function within the education
category was weighted the highest (7) by stakeholders (Table 6). This is a direct opposite of
the weights allocated under the expert-based weighting approach (Table 5). It thus, suggests

that a higher order function may not necessarily be important to stakeholders/users.

In this approach, the weighted centrality scores of functions ranged from 5 for borehole and pit
latrine to 400 for fire station, radio station and commercial bank. Like the expert-based
weighting approach, the weighted centrality score of a function is determined by weights
assigned to functions and the number of times a function appears in settlements. Whereas a
high weight increases the weighted centrality score, a high frequency of function rather reduces
the weighted centrality score. For instance, both health centre and radio station were assigned
a weight of 4 by stakeholders. However, the weighted centrality score of radio station was
higher than health centre because 4 settlements have health centres while only 1 settlement has
a radio station (Table 6). In assigning the weights, stakeholders considered the underlisted
factors: condition of the facility, the quality of services rendered at the facilities, the distance
to these facilities, trust issues with relation to the financial institutions and the cost of service.
This is in sharp contrast with the weighting systems employed under the objective- and expert-
based weighting approaches, which both used only order of service as a factor to assign the

weights.

In terms of the centrality index, Wa again emerged with a predominantly high centrality index
of 4,935.9 (Table 5). This was followed by Charia, with a centrality index of 751.2. Mojon
again came last with a centrality index of 71.2. Under the stakeholder-based weighting system,
the grand centrality index stands at 4,100.00 while the grand total weighted centrality index is
as high as 10,404.80; a variation that is explained by the weights assigned to the functions aside

from the objective-based weighting system. Two levels of settlements were discernible. Based
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on the centrality indices, Wa stands out clearly as a 1% order settlement. The centrality indices

of the remaining settlements were generally low and thus classed as 2" order settlements.
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Table 6: Stakeholder-based wei

hted Scalogram
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WEIGHTS 51 6| 4| 71214 |1 3 1 2 1 4 21 312|121 1
1 WA 85851 * * * * * * * * * * * * * 40 4935.9 47.3 1st
2 BAMAHU 4163 * * * * 16 669.4 6.4 | 2m
3 CHARIA 3414 * * * 15 751.2 6.9 2nd
4 KPONGU 3173 * 12 243.7 23 2nd
5 BOLI 2270 * 13 359.6 3.7 2nd
6 NAKORI 2141 * 10 2129 2.0 2nd
7 BUSA 2048 * * * 13 609.6 58 | 2nd
8 KPERISI 1674 * * 13 418.8 4.0 2nd
o DANKO 1570 * * 11 2633 25 | 2nd
10 |KUNFABIALA  |1146 * 5 109.8 1.1 f 2nd
11 |CHEGLI 1041 * 11 218.7 21 [ 2nd
12 INYAGLI 1005 * 11 218.7 2.1 2nd
13 |sAGU 978 * 10 202.1 1.9 | 2nd
14 |BIHEE 930 * * 7 109 1.0 2nd
15 |PusI 800 * * * * | o* 12 268.7 26 | 2nd
16 |GBERU 717 * * * * 10 1954 19 2nd
17 |TAMPIANI 637 * * * * 11 209.6 20 [ 2nd
18 |KPONGPAALA [390 * * 7 196.1 19 2nd
19 |DANDAFURO [337 * * * 8 166.6 1.6 [ 2nd
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Relation between population and centrality index of stakeholders-based weighted Scalogram

The regression equation was y= 0.0554x + 204.66, where y = centrality index and x =
population. In absolute terms, when the population is zero, centrality index will stand at 204.66.
This can be explained by the existence of some services and facilities, such as the presence of
communication networks comprising mobile telecommunications, television, radio and road
networks in uninhabited areas within the Municipality. In reality, however, it can be argued
that this large value of the constant is due to the stakeholder-based weights assigned to the
services/facilities. The scatter plot in Figure 4 yields a R? of 0.9812. This means that population

alone accounts for 98.12 percent of the factors influencing the centrality index of a settlement.

5000 - y = 0.0554x + 204.66
R?=0.9812

Centrality Index

0 20000 40000 60000 80000 100000
Population

Figure 4 Scatter-gram of population and centrality indices based on stakeholder based-
weighting

Source: Authors’ construct (July 2019)
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Comparison of the three Methods

From Tables 4, 5 and 6 it can be seen that the centrality indices of settlements differ due to the
introduction of assignment of weights. These are seen in the expert-based assignment of
weights in a descending order (Table 5) and stakeholder-based weighting approaches to the
Scalogram (Table 6). Table 4, which is the Scalogram with the objective-based weighted
centrality indices where weights were not subjectively, but objectively assigned has a Grand
Total Weighted Centrality Index as low as 4,105.60 while Table 5, which is a Scalogram in
which the expert has assigned weights in a descending order. This takes into cognizance the
importance of the function; the Grand Total Weighted Centrality Index is more than twice that
of the objective-based Scalogram with a value of 10,294.2. The stakeholder weighted
Scalogram where weights were subjectively assigned to services and facilities by stakeholders
the Grand Total Weighted Centrality Index is as high as 10,404.80, more than twice that of the
objective-based weights and slightly higher than the expert-based objective Scalogram. This
implies that the stakeholder-based weighted centrality approach appears to have the highest
functional complexity over the objectively weighted and expert-based weighted centrality
approaches. This complexity is, however, not because of the number of functions considered
in the stakeholder-based Scalogram but the criteria and factors considered before the
assignment of the subjective weights. In addition, the same can be said for the weighted

centrality index for the services or facilities.

Generally, it can be inferred that the higher the order of service, the higher the weighted
centrality index and vice versa but when subjectivity is introduced into the analysis this form
changes. The study discovered that with the objective-weighted Scalogram the weighted
centrality index for the Training College was 50 but with the stakeholder-based weighted
Scalogram the value changed to 150 (i.e. 300 + 2), because of the introduction of an expert-
based weight of 3. In the same vain, with the introduction of expert-based weights, the weighted
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centrality index for training college is as high as 300 (i.e. 600 + 2) also because of the
introduction of the objective-based weight of 6, with the difference between the two coming
from the magnitude of the centrality indices. Clearly, from the computations above, the
weighted centrality indices and their associated Grand Total Weighted Centrality Indices in the
two Scalograms in which weights have been assigned are higher than the Scalogram with the

objective-based weighting system.

Again, the percentage difference in both Scalogram approaches is not the same. The percentage
difference between Boli and Nakori communities under the Scalogram with objective-based
weight is 33.01 that of the expert-based Scalogram is 25.81 while that of the stakeholder-based
weighted Scalogram is 40.80 and runs in this same manner for all the other settlements. The R2
for the three approaches vary but very slightly. It stands at 98.92 for the objectively weighted
approach, 97.57 for the expert-based approach and 98.12 for the stakeholder-based weighted
approach. It can be inferred that the objective-based and the stakeholder-based approaches have
higher explanatory power than the expert-based objective approach to Scalogram, as
population increase alone explains 98.92 percent of provision of additional functions under the
objective-based approach, 98.12 percent under the stakeholder-based approach and 97.57
percent under the expert-based approach within the Municipality. This implies that all the other
factors put together explain only 0.8 percent addition of functions under the objective-based
approach, 1.88 percent under the stakeholder-based approach and 2.43 percent under the
expert-based approach, thus making the expert-based approach to possess the weakest

explanatory power among the three (Mensa-Bonsu, 2014; 186).

Again, it was discovered in the study that even though the centrality indices of the three
approaches diverge significantly from each other, the variations among their coefficients of
determination between the centrality index and population of the various communities is
insignificant. It is only 0.8 percent between the objective-based and the stakeholder-based
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approaches, only 0.55 percent between the expert-based and the stakeholder-based approaches
and 1.35 percent between the objective-based and expert-based approaches. The inverse
relationship between the Grand Total Weighted Centrality Index and Coefficients of
Determination (R?) under the expert-based approach is due to the fact that while the Grand
Total Weighted Centrality Index, was simply responding to expert-based weights assigned to
functions, the R? was measuring the explanatory power of the independent variable
(population) in the face of reversal of the weights assigned to functions. Since this reversal is
to make room for sphere of influence of the functions (see Adarkwa, 2014; Grove & Huszar,
1964) it has rather reduced the explanatory power of population as an independent variable. It
can be inferred that though the introduction of expert-based weights is innovative in that, it has
been able to introduce a third variable (sphere of influence); the net effect has been marginal
and insignificant. The marginality can be accounted for by the consistency in the sequencing
of the weights to the functions as regards their spheres of influence. For instance, a weight of
7 for university, which has the capacity to award certificates, diplomats and degrees
(undergraduate, masters and PhDs) and confer professorial titles can be said to be too low as
against 6 and 5 for teacher training college and polytechnic respectively which award only
certificates and diplomats (at the time of this study). If the weighting is properly done,
considering the order and sphere of influence of the functions, the results will not only produce
an inverse relationship but also a more significant reduction in the R?, giving more importance
to order and sphere of influence as factors in Scalogram analysis. In the same vein, a regional
hospital takes on a weight of 4, while a health centre has 3; the weighting is heavier in favour
of the health centre as against the regional hospital. Under the stakeholder-based approach,
even though weights were introduced, they did not produce the same inverse effect as in the
case of the expert-based approach because they were muddled; thus, making population the

single most important variable in deciding on allocation of functions in space.
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The study further reveals differences in the functional importance of settlements within the
Municipality depicted by the sizes of the proportionate circles in Figure 4. Such relative
differences are the cause of emergence of the functional hierarchy of settlements within the
study area (see Adarkwa, 2014; Ali &Varshney, 2012; Donkoh, 2015). Nevertheless,
regardless of the weighting approach, two functional levels of settlements were identified. In
all the three Scalograms, Wa emerged as the primate settlement in the Municipality with all
other settlements focusing on it. Although Wa is surrounded by second order settlements, the
spatial configuration is at variance with the hexagonal geometric pattern of hierarchy of
settlements observed by Christaller in Southern Germany (Christaller, 1966). It rather echoes
Losch’s (1954) continuous distribution of settlements. The Municipal and Regional capital
statuses of Wa, which have justified the location of both municipal and regional levels
administrative services and infrastructure within it, have contributed to its primacy within the
Municipality. The persistence of this trend of primacy of Wa for spatial development is that
Wa will continue to predate or prey on the smaller settlements for its growth to the dissipation

of resources from its hinterlands (see Myrdal, 1957; Friedman, 1966).
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Figure 4: Proportional representation of settlements centralities in the Wa Municipality

Source: Authors’ (December 2020)
Conclusion

The Scalogram is a tool used by planners and other professionals in the built environment to
depict a picture of how functions are distributed across space. The study set out to compare the
three Scalogram analysis approaches (objective-based weighting, expert-based weighting and
stakeholder-based weighting Scalogram analysis approaches) using the centrality of
settlements with the aim of determining whether there exist any significant differences among
them to serve as a basis for recommendation in their applications. It was revealed that under
the stakeholder-based weighted Scalogram, the assembly persons within the Wa Municipality
considered factors such as; the condition of the facility, the quality of services rendered at the

facilities, proximity to these facilities, trust issues in relation to the financial institutions and

201



Comparing Weighting Approaches in Scalogram Analysis in the Wa Municipality in the
Upper West Region of Ghana

the cost of service in subjectively assigning weights to the various functions within the

Municipality.

It was also discovered that even though the centrality indices of the three approaches vary
significantly, their coefficients of determination between the centrality index and population of
the various communities did not differ significantly. It is only 0.8 percent between the
objective-based and the stakeholder-based approaches, only 0.55 percent between the expert-
based and the stakeholder-based approaches and 1.35 percent between the objective-based and
expert-based approaches. The inverse relationship between the Grand Total Weighted
Centrality Index and coefficients of determination can be explained by the fact that while the
Grand Total Weighted Centrality Indices, under the expert-based approach, were simply
responding to expert-based weights assigned to functions, the R? was measuring the
explanatory power of all the independent variables (factors) taken into consideration before
assigning the weights. In effect, it can be concluded that even though infusion of subjectivity
into Scalogram analysis inevitably increases the absolute value of the centrality indices, its
ability to explain variations in it is highly insignificant. This is because, Scalogram from the
technical point of view is meant to analyse the distribution of functions in space but not to take
such factors as conditions, efficiency, utility among others of these facilities and services into
consideration. Thus, no matter how Scalogram is twisted it can never satisfy those factors. It
is, therefore, recommended that planners should develop other tools, which can cater for the
concern of such other factors. This will help in taking into consideration the views of the
affected beneficiaries since planning is by and for the people. Since the differences in the
coefficients of determination between the centrality indices and population of settlements are
very low, the use of all the three approaches are recommended with the choice left to the
discretion of the professionals, which will dependent on availability of resources and time.

Nonetheless, preference should be given to the objective-based and stakeholder-based
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weighting Scalograms because the expert-based assignment of weights has rather reduced the
explanatory power of population as an independent variable of centrality index. It is, further,
recommended that more development interventions should be focused on the area council
headquarters, with elimination of bottlenecks to development, to enable them play their
expected roles as minimal urban or service centres and to bridge the hierarchical gaps between
them and the primate settlement, Wa, for efficient spatial development in terms of services,

facilities and functional distributions.
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