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- MEASUREMENT OF ATTITUDES

"M.J. Arul & Sasi Misras

From the discussion in Chapter — on’the nature of attitudés,‘we
know that attitude is a hypothetical construct té{represent certain
underlying response tendencies. As hypothetical constructs,
attitudes cannot be measured diréctly."Any attempt to sssess them
cen only be inferentinl in nature: study those types.of behaviour
which are rersonably assumed to ;ndicaté'the éttitudéé;%o be
measuréd;‘quantify these indications s6 as to get an idea of how
much the given individuals, or groups_differ in their ﬁSyéhqlggical
oriéﬁiationsztowarg a perticular object or issue. Thesbéhgviours to be
studied for the purpose may be those which occufyin a ﬁé%ﬁ}§} setting
or a simulated situation. Such.behaviour Qay be Qerbal or ﬁerformance.
For example, a person talking about,-say;‘prohibitidn vhen he is
seated in a teastall over his usual. cup of tea exhibits verbal
behaviour in a Aatural setting. If you were to formally interview
him on his views about prohibitiom, you would again have his verbal
'ﬁéﬁaviour, but"in an artificial environment. Observation of his
visits to bars or drink sessions at home would provide‘daté on- his
ﬁatgrél "porformen.@® behaviour, If, on the:qther hand, he served
as a subject in'én experiment déSigneH to study his behaviour,

we would obtéin-performance‘data in a‘siﬁuléted’setting,

The authors gratefully acknowledge the secretarial contridbutions of
My P,R. Subramanian, Indian Inatitute of Vanagement, Ahmedabad.
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ABSTRACT

This paper desar-ibes exnerience with application

of operations research technigues in lanning infrastructurs

for the Dharampur taluk=z i~ Cujarat. The work donae covers

four principal =areas:

1.
24

-

De

4.

Design of a road network
Location of service centres

Levelopment of an inter-active computer
program using computer graphics

Phasing of service centres



OPERATIONS RESEARCH IN PLANNING FOR DHARMMPUR

by
Nitin R, Patel

This paper describes the application of operations research
techniques to a specific instance of regional planninge In addition
to discussing the models used we also highlight some of our experiences

in making these applications.

The opportunity to do the work described here arose in
connectién with a project aimed at drawing up a development plan for
Dharampur taluka in South Gujarat*. The objective of the project was
to producs an integrated plan of rural deﬁelopment aimed at the rural
poor in the region, Dharampur has a population of 1,94,000 of whom
92,5% are tribals**, It is a larje taluka extending -ver an area of
1650 sqe kmse of Valsad districte Approximately 83% of the land is
tdungar! (hilly)s About 62% of the population resides in this hilly

area while the balance is in the 'talat' (flat) area, Dharampur is

* See "Rural Development for the Rural Poor = Dharampur Project!
Volse¢ I & II, CMA, IIMA, 1975-76,

** 1971 census figures



a very poor taluka, A survey conducted in 1976 revealed that 85% of

the population ljved below the pcerty line (set at [: 60 monthly per

capita income) and thaty, on the average, a person does not have food

to eat for 21 days in the year,

After detailed studies the project team icentified the

following factors as the major causes of povcrtys

Upe

"(a)

(b)

(c)

(d)

Poor base of rescurces under the cortrol of
individual families, this being characterised in
undulating and to an extent rocky terrain, low
water table, soil crosion and in limited farm

sizes,

Poor and to an extent degraded forests which
occupy 43% of land and wherein 62% of the

population live,

Inadequate and to an extcnt inappropriate
institutional (both official and non-official)

efforts for development of the taluka.

Sheer physical isolation of thc community,

particularly in the hilly areas,"

To combat poverty an action plan for development was drawn

Programmes were spocified in a number of arees such as soil

conservation, irrigation, agriculture, animal husbandry, forestry,

cottage and forest-based industiries, etc. An important part of the

development plan was the setting up of "service centres" in locations



dispersed over the taluka tc provide minimal infrastructure, health and
education faciliticse. These service contres would provide agriecultural
extension, primary schools, ashramshalas, public health centres,
co—operative service societies, faire=price shape and post offices. In
each service centre official functionaries responsible for infrastructure,
health and education facilities were to be brovided residential

accammodation, The functionaries to be so located were$

-

Village level workers
Talatis

School teachers

Health centre workers
Co=-operative secretaries

Post office functionaries

It had been observed that under the prescnt situation the functionaries
did not live near the villages where they were to work and their work
places were scattered amongst several villages, These factors fésulted
in poor availability of functionaries to their client groups and made
it difficult for the population to avail of thecir services. It was
felt that by having a large number of functionaries (at least eight in
gach service centre) staying togcther in their arca of service, the
quality and guantity of scrvice provided would improve substantially,
Presently thec chief reason that functionarics preferred to stay away
from their work area was that thcre they had no opportunity for social

interaction with their own "typecs" and also minimal facilities for



education, hcealth and communicaticn with towns werc not available, By
providing accommodation in service centres these chsuccles would be

QVvercome,

The other ecqually important objective of sctting up service
centres was to provide all villeges with reascnable access to cconomic,
oducational and hcalth scrvicess Thus it was decided that service
centres should be dispersed over tho taluka so as to provide development
services to clusters of villages within a five mile radius of each
centre (or at worst the walking time to a oentFeAshould be about
1% hours)e. To provide infrastructufe for the agricultural, animal
husbandry, forecstry and other programmes it\uas also felt that all;
weather pucca roads connccting the scrvice centres to the State highways
should be constructeds At present the entire ‘'dungar' area was
virtually cut off during almost 6 months in thc ycare Thus the service

centre idca gave concrete expression to the plan's attack on items (c)

and (d) listed in the causcs of povcrty abovc,

In line with the objectives of the scrvice centres an
analysis was made toc choose suitablec locationss™ Some of the considerations
in choosing a villagc werc whether some of the required facilities wore
already existent, population, growth potential, proximity to highuways,
nature of adjoining arcas and whether the village had a that! (A 'hat!
is a weekly market wherc tribals from nearby villages = 8 to 90 miles

distant = visit for selling their producc and buying consumption items



such as cloth)e Thc analysis lod to selcction of 44 out of the 237
villages in the taluka for locat on of service centrcse In addition,
Dharampur, tho largest town and the taluka hcadquarters, was already
a full-fledged service ccntrcs Figure I gives a map of Dharampur

showing existing highways and the scrvicec centre locaticns,

Once thc scrvice contrecs were specified the next task was
asseasment of the costs involveds The construction of all the forty
four service centres was cstimatcd to cost fs 55 lakhs, In order gq
estimate road costs, which wcrc expected to be sizecable, the Public
Works Department was approachede The rough estimate provided was that.
the cost would bo about fs 9 crores covering a length of 400 miles of
all-weather roadse 5ince the tctal amcunt available from the Tribal
Sub=Plan of the éouernment of Gujarat for the Five=Ycar Plan period was
expocted to be no more than 13 crorcs, it sccmed that the rcad programme
would leave only an inadequatc sum for irrigation, scil conservation,
agriculturc, forostry 5nd other ojoctss It was at this stage that

the first attempt at applying cpcerations resecarch was madcs

Speocifically the probiem was tc find the minimum cost road
network to conncct the forty four scrviec ccntres to the existing main
highwayse For this purposc a simple modification of the minimal

‘spanning trce algorithm of . Kruskal was employcdes The only modification

required was to introduce an artificial -45th node to represent the



existing system of highwayse The distance of this nodc tc sach of the

44 servic: ccntre nodes was the e ortest distance of the service centre
to the highway system. It is easy to see that this device would provide
the optimal solutionlthat was requirsdes To translate shortest (Euclidean)
distances botwecen the nodes to costs it was found that a factor of 1.5
neesded to bc applicd to shortest length to convert it to likely actual
length for the kind of tcrrain existent in Dharampur taluka. The PUD
uses this ratio in making its cstimates for this region. In addition,

the cost per mile of road was also supplied by tﬁc P, The cost was
estimated at fs 2,25 lakhs per mile of shortest distance'for the type of

road specified as unders

Type $ Blac&—tcp metalled road

Land width ¢ 12 metrcs

Formation $ 6 metres

Paymouth ¢ 3 mctres

(actual width)

Cost ¢ Rs 1«5 lakhs per mile of road

naterial Rs 1,05 lakhs
labour Rs Ced5 lakhs

The shortest~trec algorithm provided the optimal solution
indicated in Figure I, The total cost of Rs 149 crores was substantially
less than the original estimatec of Rs 9 crores. In fact this amount was
no more than that had becn spent in the previous five years for road

building in this region. Identification of the optimal network thus

made it possible to employ the scrvice centre strategy since a
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sufficicnt balancc of funds was left cuer for the programmes in

irrigatic 7, agricultuce, animal t .sbandry, forcstry, ~tce

After the plan was drarm up and discusted it was found that
the Rs 55 lakhs required for construction of sorvicc centres would not
be available in th2o {ivo ycer -eriod o sugoested in the plan. Uhercas
the other clemeonts cf +hc ple~, irclulipn the ruad programme, were
assurcd of financial suppcrt, :ho sources that were to be tapped for
the sorvice centre construction costs were limited, The amount that
the planners would have available for the next Fiﬁe years was estimated
at around Rs 13 to 14 lakhse. Thus, althaugh part of the objectivc of the
service centres = namely opening up communicaticns to villages = could
~be met, there was a nced for reducing the number of service centres to

be constructed in the next fivec years to be within the available budgot.

A seminar was held with local leadors, voluntary workers,
aovernment officials and planncrs to debatc this issue, Local leadors,
tho most vociferous of whom came i'zrom the 'talat! reg.on, and some
officials urged that scrvice centres in thc '.alat' region be given
priarity. One of their arguments was that thcsc are more likely to be
successful duc to the better economic and ccucational standards of the
populace thcre, They argued that tacklirg ‘casy' areas first would:
provide initial succoess which would have an important demonstration
effect for future servicc centros, Dn_the other hand, othersy principa=

11y voluntary workers, argued that the objective of the plan was to



improve the conditions in the pocorest parts of the taluka and so .
romotely located service centres 'n the 'dungar' regi.n should be taken
up in the five year pcriod. Ultimately, the planners decided that they
should use an objective criteriun for choice of thc service centrcs
which would lead to a balanced level of scrvice to thoc cntire regions
The criterion they chosc was %o minimize the maximum distance of any
village from a servicc centro subjcet to the budget not exceeding 14
lakhse It was dccidéd to employ an operations research mcdel to make
this choice sincc an exhaustive cnumeration of all combinations was
infeasible (thc number of combinations of scrvice centres is

244 _ 176 x 10",

One can formulatc thc problem as specificed along the

following liness:

Problem gP}
Minimize D
. m
Subject to  § c. x. <8

4 47

Min di < D i= 1,2, seell

X
]

a
[a]

Lp}

-

Cus
|

= 1,2,...n



where m is tho number of possible serviec centre
locations ( = 44)

n is the numbcr of villages ( = 237)

X, = J1 if service centrc j is chasen

0 otherwisc

B is the budget (Rs 14 lakhs)

cj is the cost of constructing scrvice centrc j
dij is the distance betwecn village i and centrc j
D is the 'service level!, i.es the maximum

distance of a village from one of the chosen

service ccntres,

However, as formulated above, the problem is a difficult
non=linear integer programming problocm, Hence, the problem was recast
as a series of parametric problems with D, the scrvice level as the

paramcteres

For a given valuc of D it is possible to formulate the

problem of choosing thc centres with minimum total cost as a (linear)

integer programming problem,

Problem (Q)

m
Min X ¢, x,
o 4
m
Subject to % a,, x, 2 1 1 =1,2,000n
J= i) J
x, =0 or 1 .j = 1,2,loon



1 if d,.<D
whore N, o= J
L U ctherwisc

In our case thc size uf the problem is 273 rows by 44 columns, This is
a large integer programming proolem,  However, the problem has the
spoccial structurc of the sot covering problem of integor programming.
Powerful algorithms are availablc to solve the sct—covering problem
cfficiently., Ue used an alcorithm of Harvey Salkin to solvc the above
problem for ten vealues of De Thc values cf D chescn were 5, 5,5, 6,
645, 7, 8, 9 and 10 miles. To facilitatc proccssing a matrix gencrator
program was written to cutomatically generatc the constraint matrix for
any spccified valuc of De Soluticn timoes avercjed around 30 seconds per

problem on an IBM 360/44 nechinc,

The idca behind parametrizing on D is to generate a curve
of total cost vse D ovoer o wide range of costs, Oncc such a curve is
available, we can obtain the optimal scluticn for Problem (P) by finding
the best value of D possible for the available hudgct from the graph

and” looking up the optimal solution in Problem (Q) for that value of D,

Tablc I gives dotails of poqpg of the centres and Table II
givcs the optimal budget and optimal soluticns for differcnt values of
scrvice lovel, These vzlues cre graphed in Figurc 1y, From Table II

we can see that a service level cof 6 miles requires a budget of
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Rs 1349 lakhs, Thc optimcl scluticn to Prablom (P) wos thorcfore taken

to be the optimel solution to Froblom (Q) with D = 6 1.ilcse

Onc interesting point abouc the soluticn is that dospite
slashing thc budget by 75% frem Rs 55 lakhs to Rs 14 lakhs, fhc sorvice
level changed only 20% from 5 miles to 6 milese The number of centres
also dropped by 75% from 44 to 11, Expoctations in the planning group
had been that service would suffer much more drastically, The optimal
solution balances in an equitable manner the domands made for 'talat'
and 'dungar' locations % two centres arc in the 'talat! region and nine
centres are in thé 'dungar' region, This is appreximatcly in proportion
to the total villages in cach region since 41 villages arc in the %alat!

rcogion and 196 arc in the 'dungar' region,

The second point to note is that for a service level of
S5 miles, the optimal scluticn has a budget of Rs 23,3 lakhs, Thus, the
service lcvel can be maintained ¢t § miles whilc dropping the budget
by 58%, and the number of ccntrcs drops by 64% from 44 to 16, Of course,
the full benefit of all 44 ccntres is greater since all villaée
functionarics will be provided residensec, but from the point of view of
proximity of centres to villages it is no better than a solution that

costs half as much,

An interactivc program with videco-display was developed,

The purpose of the program was to facilitate undeorstanding and
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acceptance by docision-=makers of thce optimal naturc of thc splution
arrived at by intcger programmings. The progrem showed an outline of
.Dharamour teluke and the 44 potentiel sites for scruice centres on the
video screen. Using a teletypec the user could onter the required
service locvel and identify sueccssively his choices for sorvice centres.
The vidoo cisplay drew circles with radius equal to the service level
around cach choices It also flashed the total cost of the chosen
contres, Thus interactively the uscr codld oxplere the implications

of various alternative choiccs eof scrvicc contres, The program cculd
also assist in investipgation of near optimel s-lutions should this

prove to be uscful,.

Once the service centre choices for the five year plan
period wers dotermined, the next oroblem that necced resclution was the
phasing cf theose cuntres on an annual basis., Herc again the problom
wag that @mch group in the taluke wanted the centres in its area of
interost t, be constructed first, Orce more an ok joctive criteorion was
sought and cstablishod, In this casc the problem was balancing
expenditures over timc =as well es balancing scrvice levcls over space,
The criterion chosen was o provide the best time-avcrage service levcl
subject to the constraint that tho oxponditure in cach year be within

10% of the average annual oxpenditurc namely Rs 2,77 lakhs,

The tochniguo uscd to sglve tho problem was dynamic

procgramming. States were definod by an 41=dimensional Boolcan vector
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where a 1 in the iiﬁ glement meant that the fﬁl scrvice centre is
already built and a 0 means that it is yeot to be built. By using the
budget constraints all states possiblc ct tho end of t years with

t =1,2,3,4 were enuwerated, Tht uniguc states for ycars D and S were
(0,050, 00es0) and (1,1,1,00ee1) rospoctively, At the same time the
service level for each state was computede The probiom is thcn to find
a serics of transitions from t = 0 to t = § which minimizes total (and
hence average)- scrvice level withcut violating the 10% expenditurc

constraints,

Since the number of possible states was large (788) a
prbcedure was deviscd to prunc the netuwork before computing the cptimal
pethe This was donc by using judamsnt and heuristics to identify a
'qood! feasible path. This path had a total serviceo lovel of

52,8 miles or an annual averagc scrvicce lavel of 10.56 miles,

Lo i S,, 5.4 S, 5,, S. rg S5, is t
t us dcfine sets 49 Sp3 Sae S, Sg whcre j is the set

of all possible states in year § and let m‘j bec the minimum possiblo
servicec level for year j, i.c. mJ is the minimum of the service levels

of all states belonging to Sj'

Then for any steate 85 € Sj if the service level is lj’ the

totzl servicc level for a path passing through s, must be grecater than

J

1J + z mye This gives & lowcr bound L which can be compared with
145

the total service lovel of tho 'good* path and 1f L Z 53,8, the state
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8, can bg deletcd from Sj’ This procccdurc enabled rcecduction of the

J
numbor of states from 788 to 168,

Aftcr reduction, a dynanic programming routinc was used to

compute thc optimal scluticn which is presented in the table belows

PHASING s OPTIMAL SOLUTION
Optimal solution for 6 milcs consisted in sctting up Centre

- Nose - 4,5,11,15,18,24,27,30,31,34, 40
(Total Servicc Level = 5148 miles

Annual Avcrage Scrvice Level = 10,36 miles)

Year 1- 2 3 4 5
Contres to be -
built 11,15,27 5,31 Cy 40 4,18 24,34
Service Level
(Miles) 1745 12,5 8.8 740 60

Cost (Rs D0O's) 275 255 285 285 285




TABLE I

DHARAMPUR DISTRICT SERVICE CENTRES

Centre Cost Centre Cost
(in (in
lakhs) lakhs)
Centres that already § 1 140 Caonmtres that 23 105
have 3 or more 2 115 24 180
already have
facilities 3 115 iy . 25 205
one facility
4 80 26 180
5 140 27 80
28 180
Centres that already 6 o< 23 90
have 2 facilitics 7 189 30 80
B 235 31 115
9 z05 22 205
10 105 33 205
11 80 34 105
12 140
13 205
14 205 Centres that 35 205
da not have 36 203
3 5
Centres that already 15 115 any facility ? 20
' 0
have one facility 16 180 38 205
17 105 39 205
18 205 40 205
19 105 4 205
20 105 42 205
21 205 43 205
T 22 205 44 205
Dharampur 45 (all

facilitiss)



TABLE II

TABLE OF OPTIMAL SOLUTIONS FOR DIFFERENT
SERVICE LEVELS

Service Level (Miles)

(Maximum distance of Numbgr of Budget
a village from a service (in lakhs)
service centre) centres
445 - not possible
5 16 22,3
545 13 1645
6 11 13.9
645 g 9.9
7 8 Bef
8 5 6e5
9 4 S.8

10 5 4,8




Cost (fs in lakhs)——>—
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