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Despite a good rate of national growth, rural pov­
erty is on the rise in many developing countries. 
Transportation, particularly roads, is perceived 
as an important component of rural development. 
In an effort to impart a more valid basis for se­
lection among investments,an evaluation framework 
capable of accounting for the various socio-eco­
nomic objectives of the rural development effort 
in the assessment of rural transport projects is 
formulated and preliminarily tested. A potential­
ly appropriate set of developmental objectives is 
identified, and possible measures proposed. util­
ity assessment techniques are suggested for de­
veloping decision maker's preference functions, 
and ultimately scaling project contributions to 
the criteria. These scaled measures of the cri­
teria for each project are then incorporated into 
a single value structure as a basis for project 
ranking and thus decision making. Depending upon 
the decision maker's access to information and 
articulation of his preferences among the crite­
ria, equal or cardinal weights may be directly 
assigned to the criteria, or an ordinal ranking 
of them may be done and an upper or lower bound 
decision rule used. The ranking of the projects 
varies with the approach. The proposed appraisal 
framework is seen as a simple but valuable tool 
in the project selection stage where a decision 
maker faces an array of potential projects and 
needs some means for evaluating their relative 
worths. Although a case study has been carried 
out, testing under actual field conditions re­
mains to be done. Moreover, this is a first step 
effort, and certain refinements are needed. 

1. Introduction 

1.1 Rural Development and Transportation 

Despite a good rate of national growth in many 
developing countries in the past decade, rural poverty 
is increasing, and the number of people living on the 
margin of existence is rising. It is estimated that 
some 80 percent of the three-quarters of a billion 
poor in developing countries live in the rural areas. 
Moreover, the rural population is growing at a rate 
of some 2 percent per year in spite of rural migra­
tion to urban centers (_!). 

It has been asserted that through rural development 

many of the sufferings of this large number of rural 
poor may be allevaited. As stated in the World Bank's 
sector policy paper (1), the basic objectives of ru­
ral development might- be defined as: productivity 
improvement; employment and income generation for 
target groups; and provision of minimum acceptable 
levels of food, shelter, education, and health. The 
fuller development of the existing resources, the 
building of infrastructure such as transport and ir­
rigation works, the introduction of improved technol­
ogy for existing agriculture or new crops, and the 
creation of new types o f institutions and organiza­
tions are some of the tasks lying ahead. 

Transportation, particularly roads, has been per­
ceived as an especially important component of rural 
development, in terms of stimulating local develop­
ment, providing access to social services, and gener­
ally serving to integrate the rural population into 
the overall economy. Trends in recent years have 
been increasingly away from investments in the pri­
mary road network and toward greater emphasis on the 
rural feeder and penetration roads. Moreover, there 
has been an increased tendency to regard even these 
low volume roads as but one of several possible in­
vestments competing for scarce resources, the empha­
sis thus being placed increasingly on integrated ru­
ral development. 

Evaluation of feeder road projects, therefore, 
cannot be done in isolation; rather, all complementary 
activities must also be taken into account. Moreover, 
such projects cannot be justified in the standard 
user savings framework. Proj ec t evaluation must en­
compass the social, political, economic, and techni­
cal implications of the road itself and of its con­
nection with other projects in the integrated devel­
opment package. 

1.2 Multi-Objective Analysis and Appraisal 
of Rural Road Projects 

Single objective analysis techniques traditional­
ly used in evaluation of road projects, like savings 
in user costs, producer and consumer surplus, and 
change in national income, are incapable of taking 
into consideration the spectrum of objectives rele­
vant to the rural development effort. The emerging 
method of project evaluation, multi-objective analy­
sis, incorporates both economic and non-economic ob­
jectives into an evaluation framework. Much has been 
written concerning multi-objective analysis in r e c e nt 
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years by researchers in such diverse fields as manage­
ment, engineering, and psychology. Friesz and Evans 
(2) propose four categories into which most of the 
p~ evailing methodologies can be classified. 

Under Category 1, each attribute is valued in 
terms of some common reference attribute, standardly 
termed a numeraire. The many dimensions or attributes 
characterizing a project may thus be collapsed into 
one dimension. The project's value is proportional 
to the total amount of the numeraire it exhibits; that 
is, the project with the largest numeraire is optimal. 
The techniques of category 1 are the more traditional 
benefit-cost analysis methodologies, like UNIDO (}_) 
and Little and Mirrlees (4), the unifying character­
istic being the single numeraire, for which they are 
referred to as the aggregate method of multi-objective 
analysis. Through the use of social pricing more 
than a single objective can be implicitly considered, 
as, for example, the growth objective in the case of 
UNIDO (3) and the equity objective in that of Squire 
and van- der Tak(S). Non-economic objectives may also 
be considered th~ ough the use of metric conversions, 
although these are typically difficult to determine. 

Under Category 2, the full set of attributes is 
not expressible in terms of a single numeraire, but 
sufficient consensus exists among the users/decision 
makers that a utility function can be defined to ex­
press their level of satisfaction with each alterna­
tive. The project with the highest utility level is 
optimal. For the techniques of cc>tegory 2, the ele­
ment of subjectivity still exists, but the value 
judgments are explicitly articulated by the appro­
priate elected or appointed official, rather than im­
plied by the metric conversions. Keeney and Raif fa(~ ), 
in fact, have developed specialized techniques for de­
termining the appropriate mathematical form of the 
utility function depending on the relationships among 
the attributes. 

Under Category 3, neither the single numeraire nor 
adequate consensus exists to define a single utility. 
This may occur for one of two reasons: (1) there are 
several statistically distinct groups of users in the 
user population, each with a distinct utility function; 
or (2) an individual user group may have multiple ob­
jectives or measures of utility against which the pro­
jects must be compared, but they may be uncertain as 
to their relative importance. A single optimal pro­
ject cannot, therefore, generally be determined; 
rather, the original list of alternatives might be 
narrowed to a set of efficient or non-inferior pro­
jects, with the final choice being made outside any 
analytic framework. 

Finally, under Category 4, an iterative analytic 
process is used to arrive at a best compromise under 
a situation of multiple objectives or utility func­
tions. That is: (1) the most efficient consequence 
of selected assumptions concerning the relative im­
portance of each objective are presented; (2) a new 
set of assumptions is derived through inputs from the 
parties involved; (3) the associated efficient con­
sequences are displayed; and (4) further iterations 
take place until a final decision is reached. 

Turning to the problem at hand, feeder road ap­
praisal can be visualized as a choice of many small 
projects, where each project has several important 
selection criteria, each measure is expressed in its 
own units, and the set of projects to be implemented 
is selected from a much larger set. In the case of 
Kenya in the Fall of 1974, for example, a program to 
improve some 12,000 km of minor and secondary roads 
out of a possible 30,000 km was being planned, and a 
second program to upgrade some 16,000 km of low class 
rural roads to all-weather roads out of a theoretical­
ly possible total of 100,000 km of unclassified roads 
was being investigated. 

The situations characterized by categories 3 and 4 

are realistic representations of scenarios in devel­
oped countries where there are numerous parties in­
volved, each with its own interests and capabilities 
and each desiring participation in the decision pro­
cess. In the context of the rural development effort 
and for the purposes of this research, it may be as­
sumed that there is a universal commitment to the 
achievement of certain accepted goals; that is, that 
a single set of social preferences can be articulated 
with the help of the appropriate decision maker, who 
might be, for example, the director of the road au­
thority or Minister of Public Works. In view of this 
assumption and the characterization of the rural road 
situation given above, it appears that the rural road 
appraisal problem falls into category 2. 

It is thus proposed to focus this paper on struc­
turing a multi-criteria appraisal framework for 
rural road projects along the lines of techniques 
discussed under category 2. The development of this 
framework in Section 2 centers around four activi­
ties: (1) identification and measurement of potential 
criteria to be included in the evaluation; (2) as­
sessment of the decision maker's preference function 
for each of these criteria, and ultimately scaling 
the measures of the criteria; (3) combination of the 
criterion measures for each project to form an ex­
plicit value structure as a basis for decision making; 
and (4) testing and implementation of the proposed 
methodology in some case studies. The appraisal 
methodology proposed is seen as a simple but valuable 
tool in the project selection stage. 

2. A Proposed Framework for Socio-Economic 
Evaluation of Rural Road Pro j ects 

2.1 Identification and Measurement of the Criteria 

Five criteria have been selected for the frame­
work for appraisal of rural road projects in socio­
economic terms. These include: (1) economic bene­
fits, (2) economic costs, (3) distribution, (4) ac­
cessibility to social services, and (5) employment. 
Contributions to these criteria to be included are 
those resulting from provision of the feeder road and 
its complementary investments. These represent one 
possible set of criteria, and are not intended to be 
a universal representation of the accounting of socio­
economic objectives of rural development activities. 
It is the decision maker in the particular case who 
must be satisfied with the set of criteria. The 
appraisal framework structured here is independent of 
changes in the criteria and in their number. 

Economic criteria have traditionally been used in 
the approaisal of transport projects, and their 
measurement is widely known and well documented (e.g., 
7,8,9). Economic benefits may be measured in terms, 
f o r e xample,of user cost savings, producer and con­
sumer surplus, or increase in national income. Sole 
use of the first measure is cautioned against since 
its application assumes that most benefits stem from 
savings on normal traffic and development benefits 
are of negligible importance; in feeder road projects 
the opposite is generally true. The second measure, 
producer and consumer surplus, although conceptually 
attractive is difficult in practice due to its re­
quirement of forecasts of approximate demand and 
supply functions. This leaves the national income 
measure, a good approximation being induced agricul­
tural production sinced induced economic activity in 
rural areas, at least initially, will be largely in 
the agricultural sector. The difference in the pre­
sent expected value of agricultural activity in the 
case of project implementation and in that of the no­
project alternative is thus the suggested measure for 
economic benefits. 

The value of this induced agricultural production 



depends on a variety of factors, including the nature 
of government extension help, receptiveness of farmers 
to new ideas, availability of cultivatable land and 
adequate climatic and resource requirements, and ex­
istence of a market for the goods in conjunction with 
sufficiently attractive farmgate prices. Various 
mathematical models, including linear programming, 
aggregate regression analysis, and disaggregate be­
havioral modeling approaches, have been formulated as 
potential means of forecasting economic benefits of 
roads (e.g ., 10,11,12). Alternatively, induced eco­
nomic activity as well as measures of other project 
criteria might be predicted on a project-by-project 
basis by a specially selected team of interdisciplin­
ary experts, consisting of agricultural economists, 
sociologists, engineers, and anthropologists, among 
others. These various forecasting techniques merit 
further discussion and research, selection among them 
being a function of the availability of data, trans­
ferability of approaches, and biases of the decision­
making authority. For the purposes of this paper, the 
parameters that might be tabulated and used by an 
appraisal team in assessing the value of each of the 
five criteria are indicated. Table 1 illustrates a 
possible set of parameters for determining the ex­
pected value of agricultural activity on a yearly 
basis for each crop and each group of farmers; com­
bining these over the life of the project and compar­
ing this with the no-project alternative yields a 
predicted value of induced agricultural production. 

As observed above, economic benefits occur over 
time. For project appraisal purposes, it is conven­
ient to present them at discrete intervals, such as 
yearly, and to aggregate these over the life of the 
project to a single value, such as present value, 
using an appropriate discount rate. Alternative 
means of incorporating temporal considerations are 
possible, and the debate over discount rates is an 
active one, but is beyond the scope of this paper. 

Expenditures related to the construction and 
maintenance of the road and to any complementary in­
vestments as a part of the development package con­
stitute economic costs. In addition to initial road 
construction costs, these might include costs asso­
ciated with maintenance and upgrading over the life 
of the road; building, staffing, and operating com­
plementary health and educational facilities; and 
changes in agricultural activities such as extension 
workers, seeds, tools, and fertilizers. For economic 
costs, like economic benefits, time must be taken 
into consideration. 

Explicit accounting of the distribution of eco­
nomic benefits among project beneficiaries has long 
been recognized as an important aspect of the apprai­
sal of feeder road projects. Alleviation of poverty 
among the poorest has repeatedly been cited as a 
primary goal of rural development. Prediction of the 
small farmers' share of induced agricultural produc-

Table 1: Assessment of Expected Agricultural Production 
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tion is, however, hard to make. The use of a proxy 
measure is proposed, a promising candidate being the 
cultivatable land owned by the relevant income group{s) . 

This appears to be a reasonably measurable proxy 
and reliable representation of the distribution of 
benefits to the target population. Its usefulness 
is illustrated by the following two extreme cases: 
(1) the affected community consists of 500 persons, 
all of whom presently exist on income levels below 
that of the target income group; some 750 hectares of 
cultivatable land is to be opened up and planted, and 
ownership distributed evenly among the population; 
and (2) the affected community consists of 300 per­
sons, of whom some 270 are peasants either farming 
at a subsistance level or working for the five rich 
families of the community who own/control almost all 
of the cultivatable land; although induced agricul­
tural production is expected to be large, the subsis­
tence group's share is expected to be negligible. At 
the same time, use of this measure necessarily en­
tails certain restrictive assumptions such as: cul­
tivatable land owned by the target group is generally 
less than ten hectares per family, economic condi­
tions of perfect competition exist, average produc­
tivity of the land is uniform, and share of economic 
benefits is proportional to land ownership. 

Project implementation may affect accessibility 
to social services through improved transport and 
thus easier or new access to existing services, and 
through complementary investments and thus provision 
of new service facilities. These may be mobile or 
permanent facilities. Decisions pertaining to such 
alternatives are presumably made in the design stage 
during the formulation of the set of projects to be 
evaluated; in the appraisal stage, then, the objec­
tive is to assess each project's contribution to 
this criterion. 

Using accessibility to health services as an ex­
ample, five levels of service might be considered: 
local mid-wives (Hl), visiting trained nurses (H2), 
permanent trained nurses (H3), visiting health clinic 
(H4), and permanent health clinic (HS). Assuming no 
deterioration in services as a consequence of the 
project, Table 2 indicates the possible changes that 
might occur and their associated utilities on a 
scale of Oto 10. Assuming the utility of change to 
be the same across the affected populace, accessibil­
ity to health services can be quantified by multiply­
ing the appropriate figure in Table 2 by the number 
of people affected. Accessibility to educational 
facilities might be similarly measured, four possible 
levels being: none, general, vocational, and adult 
education. Assuming these to be primary indicators 
of social services and of equal importance, their sum 
may be used as a measure of accessibility to social 
services. This is admittedly a rather simplistic ap­
proach; consideration of the distance and timing as­
sociated with each change as well as other social 
services might be incorporated as well. 

Crop: Year: 

Typ~ o[ Cul ti va table "01.d" "New" Predicted FROR Demand Other Probability Expected Value 
Areas 2 Average Unit to Group of Average Average 

Farmers 1 Yield 3 Yield' Market Price Farmer 5 A 
y, y, p, 

1 Grouping might be based on land ownership, for example. 
2 Includes land currently uncultivated and idle, as well 

as that under cultivation. 
3 Before project implementation. 
ii A predicted figure, after project implementation, 

Conditions Relevant of New [Prxp 1xy 1xA + 
Parameters 6 Cultivation 7 (l-Pr)xp 1xy 0 xA) 

Pr 

5 Financial rate of return. 
6 E.g., risk aversion characteristics of farmers, which 

might decrease over project life. 
7 A likely rather subjective assessment dependent, for 

example, on the three previous columns. 
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Table 2. Assessment of the Utility of 
Chang e in Health Services 

Type of Change Subjective Assessment 
of Medical Experts 

No Change 0 
Hl to H2 
Hl to H3 
Hl to H4 7 
Hl to H5 10 
H2 to H3 
H2 to H4 5 
H2 to H5 B 
H3 to H4 2 
H3 to H5 5 
H4 to H5 

Consideration of employment in project appraisal 
raises the question of whether it should be treated 
as an end or as a means to meeting other ends or ob­
jectiv;;:- Kessing~ argues that employment must 
be treated as a separate objective as generation of 
employment does not emerge naturally from the pursuit 
of traditional macroeconomic objectives, while UNIDO 
(3) argues that it is a means associated with the re­
d i stribution objective. Additional arguments to con­
sider employment as a separate measure include its 
being an indicator of the mobilization of labor, an 
important condition for rural development, and a 
measure of relative labor intensity among projects. 

Man-days of employment associated with project 
implementation throughout its life are suggested as 
the measure. Included in this is employment result­
ing directly from construction and maintenance ac­
tivities as well as that expected from increased ag­
ricultural activity. Employment of extension workers 
and other government employees should not be included 
as it is assumed they would otherwise be employed 
elsewhere; moreover, interest in employment is pri­
marily from the viewpoint of mobilization of the local 
labor. Although employment occurs over time, as do 
economic benefits and costs, its value is assumed 
constant, and no discounting is proposed. Possible 
refinements in this measure might include distinction 
between short and long-term employment and checks on 
expected labor availability over time relative to its 
planned use. 

2.2 Scaling of the Criteria 

Each criterion is measured in its own units: (1) 
economic benefits and costs in monetary terms, (2) 

distribution in hectares, (3) accessibility to social 
services in ATSS units, and (4) employment in man­
days. At this point, the decision maker needs to be 
brought in to assist in transforming the spectrum of 
physical measures for each criterion into utility or 
psychological value terms. 

Various utility assessment techniques might be 
applicable. In the first, the category technique, a 
number of discrete categories are specified for a 
particular criterion, and the decision maker assigns 
each project to one of these based on its contribu­
tion to that criterion; numerical worths can then be 
determined for each category, but the result is rather 
approximate. The second technique, the gamble, con­
sists of lotteries constructed by varying the level 
of the measure or the probabilities of occurrence un­
til the decision maker is indifferent between the 
lottery and a certainty equivalent; this tends to be 
a somewhat complicated and confusing, as well as time­
consuming,technique. A third approach, the direct 
technique, is the most straightforward, requiring the 
decision maker to assign numerical values to the 
various levels of attainment of a particular measure. 
This can be done in two ways: (1) anchor one extreme 
point of the measure, and compare all of its other 

values to this; or (2) anchor the two extreme values 
of the measure, specify a few intermediate points, 
and use linear interpolation to complete the prefer­
ence function. 

The direct technique is generally the more attrac­
tive, and is used in the hypothetical testing of the 
appraisal framework in Section 2.4. A sample of its 
use in constructing the preference function for the 
third criterion, distribution, is given in Figure 1. 
In actual practice, the final selection of the utility 
assessment technique depends on the preferences of 
the decision maker and the topic of the assessment. 
Additional techniques are also available should one 
of these not seem appropriate. 

Figure 1. Distribution Preference 
(Utility) Function 

I 
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The measure of distribution arising from all projects 
under consideration ranges from 20 to 1,000 hectares. 
600 hectares has been anticipated as the "50" point, 
400 as the "25" point, and 720 as the "75" point. The 
distribution preference function is therefore: 

0.065B x, - 1.316 

u(x,)= 0.125 x, - 25 
0.20B x, - 75 
O.OB93 x, - 10.7 

20 < X3 < 400 
400 < X3 ( 600 
6QQ ~ X3 < 720 
720 .:_ X3 I 1,000 

2.3 Ranking of the Projects 

Having identified the criteria of interest, de­
lineated measures by which contributions to them might 
be assessed, and presented techniques for deriving the 
preference or utility function for each (i.e., scaling 
the physical measures), the final step in the formu­
lation of the appraisal framework is combining the 
measures of the five criteria for each project into a 
single value structure by which the projects might be 
ranked. Completion of the analysis depends upon the 
decision maker's articulation of his preferences 
among the various criteria. Three scenarios are pro­
posed: articulation of equal, cardinal,or ordinal 
weights for the criteria. 

Implicit in the equal weights alternative, actu­
ally a subset of the cardinal weights case, is the 
assumption that all criteria are of equal importance. 
Thus, the projects are ranked by the value of the sum 
of the utilities over all criteria: 

n u(x.) 
l: 

l 
(1) wvuc

1 
i=l 

n 

u(x.) is the utility function of criteria i, with 
n b~ing the number of criteria. 

If the criteria are truly equally important according 
to the best-knowledge of the decision maker, the anal­
ysis can proceed directly, using the above formulation 
with no further input from the decision maker. 

The cardinal weights approach allows for differ­
ences in the relative importance of the various cri­
teria, and assumes that explicit weights can be as­
signed to each. Projects are, therefore,ranked accord­
ing to the weighted sum of the utilities over all 
criteria: 

n 
l: 

i=l 

w.u(x.) 
l l 

(2) 



w. is the explicit weight on criteria i. 
]_ 

To complete the analysis using this formulation, ar­
ticulation of the cardinal weights must be elicited 
from the decision maker. In practice this often 
proves to be difficult due to conceptual problems in 
explicitly assigning the correct social weights and 
to political sensitivity issues. 

In cases where the decision maker cannot or is un­
willing to specify cardinal weights, the ordinal 
weights approach might be used in ranking the projects. 
Application of this alternative requires the decision 
maker to designate an ordinal ranking of the criteria 
reflecting their relative importance. Given this and 
utilizing concepts of linear programming, the analysis 
can be completed. The formulation discussed below is 
that initially developed by Cannon and Kmietowicz (14) 
for application to decision-making under uncertainty; 
further details of its derivation for application here 
are given by Chew(~). 

As a first step, given an ordered set of criteria, 
the set of utility functions of the various criteria, 
and a set of projects, an upper and lower bound on the 
weighted score of each project can be determined based 
on that order of criteria. This can be formalized as 
two linear programming problems: 

n 
Maximize (Minimize) wvuc

3 
L'. 

i=l 
n 

Subject to: L'. w. 1 
i=l 

]_ 

wi-wi+l .'.'.. 0 (i = 1, ... ,n-1) 

this reflects the ordering 

w. > 0 ( i = 1, ... , n) 
]_ 

w.u(x.) 
]_ ]_ 

(3) 

(4) 

(5) 

of the criteria 

(6) 

That is, any set of cardinal weights which obeys the 
specified ordering will have a weighted score some­
where between these upper (maximum) and lower (mini­
mum) bounds for each project. 

Through the application of a couple transforma­
tions, two parameters and, thus, two possible deci­
sion rules, termed maximax and maximin, emerge for 
ranking the projects. Under the maximax decision rule, 
the projects are ranked according to the maximum 
weighted value of the criteria, or in other words, the 
highest score they can attain given the ordering of 
the criteria: 

max wvuc
3 

i 
MAX L 

j=l 

u(x.) 
__ J_ 

i 
(i 1, ... ,n) (7) 

Under the maximin decision rule, the projects are 
ranked according to the minimum weighted value of the 
criteria, or in other words, the lowest score they can 
attain given the ordering of the criteria: 

min wvuc
3 

MIN 
i 
L'. 

j=l 

u(x.) 
__ J_ 

i 
(i 1, ... ,n) (8) 

The ranking of projects produced by the maximax 
decision rule is of a more optimistic/less conserva­
tive nature. That is, if a situation arises in which 
the contribution to the most preferred criterion is 
exceptionally good relative to that to any of the 
other criteria which might be exceptionally poor, the 
maximax rule cannot take the latter into account. If 
this inability to account for an exceptionally poor 
measure is not a critical issue, as long as there ex­
ist more preferred criteria with exceptionally good 
measures, then use of the maximax rule may be justified. 

35 

The maximin decision rule is, on the other hand,more 
conservative/less optimistic in nature. That is, the 
occurrence of an exceptionally poor criterion measure 
is taken into account by this decision rule, but it, 
in turn, is less able to reflect the occurrence of an 
exceptionally good one. If the ability to account 
for an exceptionally poor criterion measure is criti­
cal, as illustrated by the analogy of "a chain is as 
strong as its weakest link," then use of the maximin 
decision rule may be justified. One further limita­
tion of both decision rules is that the set of pro­
jects are not ranked according to a single set of 
weights since that which maximizes (minimizes) one 
project will, in general, not be the same as that max­
imizing (minimizing) another. Finally, if the infor­
mation is available and believed correct, use of 
equal or cardinal weighting techniques for ranking 
projects may be most appropriate. 

2.4 Application/Testing of the Methodology 

A hypothetical case study involving 36 alterna­
tive projects was designed to demonstrate the appli­
cation of the overall appraisal framework (see Chew 
(12) for details). A typical project might be as 
fcllows: 

A 20-kilorneter feeder road is proposed to join a 
small agricultural co!Mlunity of 600 persons to a small 
provincial market town served by a good secondary road, 
At present an earth trail, not passable by motor vehi­
cles, exists and is mainly used for walking or trans­
port by pack animals to the nearby town where the peas­
ants may go to sell agricultural surplus and purchase 
consumer goods. The conununity appears to have rather 
suitable conditions (e.g., physical, ecological, demo­
graphic) for agricu~tural development. 

As part of a regional development effort, a package 
of investment projects has been proposed by the design 
team, including: upgrading the trail to a gravel road; 
agricultural extension services directed toward improv­
ing existing production, increasing the land under cul­
tivation, and introducing a new crop, cocoa; establish­
ing a health clinic in the community; and providing 
general education. 

The community has 109 families, of which 5 are rel­
atively rich and own 45-50 hectares of land each, 34 
own 2-10 hectares per family, and 70 are landless (SO 
renting a toti3-l of 100 hectares from the rich for sub­
sistence farming, and 20 working for the rich families), 
Present production consists of cassava, rice, and maize, 
with a bit of livestock, on 405 hectares of land; an 
additional 113 hectares of cultivatable land is idle. 
It is proposed to bring this land under cultivation 
with a cash crop, cocoa, as well as an additional 70 
hectares of nearby goverrunent land, the latter to be 
allotted to the 70 landless families. The target pop­
ulation is 104 families who currently own 278 hectares 
of land which will be increased to 348 hectares by the 
project., .. 

Based on such information, contributions to the 
criteria were identified and measured as discussed ~n 
Section 2.1. This represents just one of the myriad 
possible scenarios for feeder road projects. Corre­
sponding measures for the other 35 projects could 
similarly be determined; in the case at hand, a spec­
trum of plausible measures was simply developed. Us­
ing the utility assessment techniques of Section 2.2, 
preference functions were developed for each criter­
ion, and utility values assessed for each project's 
contributions. The values developed and used in the 
case study are given in Table 3. These were then com­
bined for each project, and used in ranking the pro­
jects as outlined in Section 2.3. The three mechan­
isms for the decision maker's articulation of prefer­
ences concerning the various criteria were tested un­
der one or more sets of assumptions: (1) the equal 
weights alternative; (2) the cardinal weights alter­
native with the same order of criteria but three sets 
of weights; and (3) the ordinal weights alternative 
with the criteria in the same order as and in dif­
ferent orders from the cardinal weights approach, 
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under maximax and maximin decision rules. Table 4 sum­
marizes the various ranking techniques tried; Table 5 
shows the alternative rankings of the set of projects 
thus achieved. 

The ranking of projects by means of the equal 
weights assumption (WVUC) depends on their relative 
performance with regard !o each criterion and in total. 
Projects ranked at the top tend to be uniformly good 
(e.g., Project 16), or relative ly good in two or more 
criteria and not too bad in those remaining (e.g., 
Projects 14,13); those near the bottom tend to be uni­
formly poor (e.g.,Project 3) , or relatively poor in 
several criteria and maybe even quite good in one or 
two (e.g.,Projects 19,20). Such generalizations must 
be treated with caution, however, as the ranking of 
projects is highly dependent on the particular set of 
projects. Moreover, assigning 36 separate rankings may 
be somewhat deceptive in that certain projects may be 
rather close in the numerical values underlying their 
rankings (e.g., projects ranked 5 to 14 are within 7%) 
and may thus be relatively equally desirable, at least 
for a first glance. It is, therefore, recommended 
that the WVUC values be viewed in conjunction with the 
rankings (see Chew(12)). Nevertheless, the strength 
of this appraisal framework is as a mechanism for 
sorting and ordering a large number of projects, and 
thereby selection of a group of potentially appropriate 
projects for further and more detailed inspection. 
These general comments pertain to all three ranking 
techniques . 

The ranking of a particular project , when cardinal 
weights are specified (WVUC) depends on both the rel­
ative weights on the indivi~ual criteria and the pro­
ject's pe2formance relative to that of others in the 
set . WVUC 's behavior is rather similar to that of 
wvuc1 , as

2
the weights on the criteria are nearly uni­

form. wvuc~ and wvuc~ show rather different rankings, 
however, as both their sets of weights favor the first 
criterion, WVUC~ more so than WVUC~. In the case of 
WVUC~, for example, projects with a reasonably high 
measure on the first one or two criteria and maybe not 
so high on the others tend to rank high (e.g.,Projects 
5,4), while those with a reasonably low measure on the 
first criterion and still r e latively high on the others 
tend to rank low(e.g.,Proj ect 30) . Distinct differ­
ences exist in the rankings obtained from WVUC~ and 
WVUC~, as exemplified by Projects 17 and 22, differ­
ences in the emphasis on the second criterion being 
important here. 

The ranking of projects under the ordinal weights 
assumption (wvuc3 ) depends on the decision rule used, 
the ordering of the criteria , and the relative perfor­
mance of the projects in the set. The five top-ranked 
projects under wvuc

3
max1 demonstrate the less conser­

vative nature of the maximax decision rule in that the 
contribution of the most pre ferred criterion, economic 
benefits, overshadows those of all other criteria; 
Project 4 is an extreme example. Once contributions 
to the less preferred criteria become larger than 
that to the most preferred criterion , however, these 
begin to exert some influenc·e, as in the case of Pro­
ject 14. The conservativeness of the maximin decision 
rule is evident in the lowering of Project 4's ranking 
under wvuc3min1, and in the l ow ranks of Projects 19 
and 20. The observation that the ordinal rankings un­
der WVUC2 , wvuc

3
max1, and WVUC3min1 are the same is 

valid , but one cannot then proceed to assume that the 
rankings will also be simi lar, as demonstrated by 
Table 5. Some similarities exist as in the top-ranked 
projects, but striking differences also exist as in 
the case of Project 22. There is, within the specifi­
cation of cardinal weights (WVUC 2), an almost infinite 
number of specifications which parallel the ordinal 
ranking of wvuc! but result in different rankings of 
the projects. The second (WVUC~) and third (wvuc3)sets 
of figures in the ordinal weights case demonstrafe the 

sensitivity of project rankings to the preferential 
ordering of the criteria. 

In order to better understand the use and impli­
cations of the various decision rules, the behavior 
of three projects across these alternatives is traced. 
The movement of Project 4 is particularly interesting 
as a result of its extremes in attainment of the var­
ious criteria: the highest possible utility score 
for the economic benefits criterion and lowest for 
the distributional one, with moderate to low scores 
on the remaining criteria . Thus, when equal weights 
(wvuc1 ) or nearly equal cardinal weights (WVUC~) are 
specified , it ranks around number 20. When cardinal 
we ights with relatively higher weight on economic bene­
fits and lower on distributional effects (WVUC~) are 
applied, Project 4 moves up to position 3, and then up 
to number 1 when the extremes in the weights are made 
greater yet (WVUC~). The more/less conservative na­
tures of the maximax and maxim.in decision rules are 
well depicted by Project 4's behavior. It ranks num­
ber 1 with wvuc 3max1 which has economic benefits as 
the most preferred criterion, and number 7 with 
wvuc3min1. When top priority is given to distributional 
effects, Project 4 drops to ranks 29 and 36, respec­
tively, under wvuc3max2 and wvuc3min2. In the case of 
wvuc3max3 and wvuc3min3, the respective ranking is 16 
and25 since its performance with respect to the pre­
ferred criterion is relatively poor. 

The performance of Project 22 with respect to 
three of the five criteria is good (economic costs and 
employment) to excellent (distribution), and with re­
spect to the remaining two is relatively poor. It 
ranks first for wvucj which places distributional ef­
fects at the top. Its score on economic benefits is 
rather poor, and thus it ranks low, around 20, under 
wvuc~ which puts nearly.all its emphasis on this cri­
terion , and under wvuc3m1n1 for which this criterion 
is most preferred. Its generally favorable perfor­
mance with regard to the other criteria bring its 
rank up to 7 for wvuc3max1, and up into the range of 
2 to 11 for the other ranking schemes. 

Project 3's performance is relatively poor with 
regard to all the criteria. Correspondingly, it ranks 
rather low for all decision rules, although it tends 
to rise a bit when the maximin decision rule(wvuc 3min) 
is used because of its uniformly poor performance 
without any extreme lows in its utility scores. 

The ranking of the alte rnative projects in the hy­
pothetical case study naturally varies with the de­
cision rule used because different value judgements 
and amounts of information have been provided in each 
case . It is not possible to suggest definitively which 
decision rule is the "best and on l y one". Its selec­
tion is most appropriately made on a case-by-case 
basis taking into account, for example, the nature of 
the projects involved and their expected contributions 
to development, the socio- political environment within 
which the planning is being done, and the type of 
value judgements the decision maker can and is willing 
to make. Adequate understanding by the analyst and 
proper education of the decision maker concerning the 
properties and .implications of the various decision 
rules are essential to successful implementation o f 
the proposed framework for project appraisal. 

3. Summary, Conclusions and Recommendations 

3.1 Summary and Conclusions 

The plight of the rural poor in developing coun­
tries is a problem needing immediate attention today. 
Rural development is a formidable and multi-faceted 
problem which developing countries and lending agen­
cies are finally beginning to face. Transportation 
is recognized as a necessary but insufficient ingre­
dient in this process. Evaluation of rural road 



Table 3. Utility of the Criteria Measures,u(x.) 
l. 

Table 4. Decis ion Rules used in the Case Study 

Project Economic Economic Diatri- Employ- Acce.saibility to wvuc,: equal weights on the critera 
Number Benefits Costs but ion ment Social Services wvuc,: cardinal weights on the critera 

1 34.09 61.82 21.58 83.04 42.79 Weights, "'1: 2 30.22 17.66 54. 79 100.00 52.03 
3 15,69 37.91 20.13 13.17 33.28 Rule: ... , w, "'l w, W5 

4 100.00 31.26 0.00 45.23 20.21 wvud o.so 0.20 0.15 0.10 0.05 
5 90.43 72.67 0.99 24.48 10.21 

wvud 6 73.88 58.90 1. 25 28.90 14. 99 0.22 0.21 0.20 0.19 0.18 
7 41.35 55.67 27.63 88.02 31.26 wvud 0.90 0.04 0.03 0.02 0.01 
8 34.62 80.23 40.13 73.81 27 .04 
9 20. 77 81. 81 56.46 46.26 15. 61 

10 11.15 82.26 75 .oo 16.42 32.14 wvuc,: ordinal ranking of the criteria 
11 30.22 77.86 12.04 43.94 24.53 
12 39.43 59.87 11.58 58. 79 19.14 Rule: Weighted Value Preferential Ordering 
13 41. 35 38.40 82.14 89. 39 71. 45 of Criteria: of Criteria, x1: 
14 36.17 31.67 95.80 90. 49 88. 25 

wvuc,max, 15 29. 44 44. 46 76.07 58.27 52. 56 maximum x1> x,> x,> X1t> X5 

16 77.14 48.64 54. 38 52.41 40. 36 WVUC, mini minimum x,> x,> x,> x,> x, 
17 79.93 2. 76 29.00 33.07 27 .01 

WVUC3 maxz 18 19.81 94.99 12.17 75. 49 11.88 maximum x,> x,> X1> x,> X5 
19 3. 30 95.85 5.46 0.00 5.13 wvuc,min, minimum x,> x,> x1 > x,> X5 
20 o.oo 100.00 11.18 1. 61 0.00 

\IVUC:3 max3 21 44.45 84.08 o. 33 31. 85 14. 50 maximum x ,> x1> x, > x,> x, 
22 30.39 69. 78 100. 00 45.97 27.03 wvuc,min, minimum x,> x1> x,> x1i> x , 
23 63.84 0.00 52.50 68.12 45.21 
24 48 . 30 13.61 41.00 57 .81 100.00 where: > means "is preferred to 11 

25 21.16 50.00 70.83 9. 68 17. 80 1 - economic benefits 
26 25.00 67.04 27 .so 46. 50 22. 63 2 - economic costs 
27 53.93 38. 55 50.00 67 .18 38. 75 

i - 3 - distribution 
28 29. 81 29.55 82.14 60.93 51. 25 4 - employment 
29 6,73 67 .06 87 .68 31. 85 27 .oo 5 - accessibility to social services 
30 13.36 50.00 54.58 37. 90 43.75 
31 60. 31 47. 73 40.38 56, 25 45.00 
32 37. 52 38. 40 37. 75 81.24 51. 29 
33 32 . 98 8.14 11. 97 46.37 57.50 
34 27. 21 72.74 24. 4 7 51.87 6. 38 
35 30. 77 34. 93 15. 26 58.12 45. 38 
36 35, 83 28.26 9.14 46.40 41.18 

llote: For all criteria except economic coat•, the lowest 
attainment is assigned a utility of 0, and the highest 
100; the situation ta reversed for economic coats 
where the highest cost is assigned a utility of 0, and 
the lowest 100. 

Table 5. A Summary Comparison of Project Rankings Using Differe nt Deci s ion Rules 

Equal 
Weights: Ca rdi nal Weights: Ordinal Ranking, 

Renk WVUC1 wvucl wvud wvucl wvuc~"x I wvucj1n 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

tt ~i i---J\~i 
16 \ ,22, l 7 16 7 
15 /is: 6 6 13 
24 • 8 • 23 14 5 

8 ' 24 : 31 ;12, 4 
2 31 : 21 :n·. 32 

28 28 ' 24 : 21 •• 6 
31 27 21 ,' 23 ', 21 
27 2 13 / 31 , 12 
32 7 7 8 , 8 

7 32 12 • 18 17 
1 1 14 10 , l f 

23 23 32 ' 11 ', 14 , 
9 9 : 8 27 ', 23: 

29 29 ' 1 ,' 29 ',24' 
10 10 '36 : 7 '22' 
18 8 :22: 9 11 
30 5 15 15 28 

5 4 28 24 15 
4 30 2 2 34 

12 12 33 28 35 
26 11 11 1 26 
11 26 ·35 20 36 
35 34 34 34 2 

,22--- - ---· 22, 
: 14 14 •• 

11 29 13 ', 
' 28 16 

13 15 
10 28 
15 27 
25 9 

9 29 
8 10 

16 31 
20 8 

2 30 
32 

2 
25 

7 
26 
24 
23 
34 

34 6 26 12 25 1' 11 
6 29 35 9 19 9 6 12 

21 25 21 18 32 18 4/\' 20 17 35 17 25 25 33 21 33 
25 36 25 30 26 .,3, 12 ' 36 
36 30 36 /.3' 30 / 30 , 17 19 
33 33 33 ....... 10 \, 35 , 10 \ 35 1' 6 

3....._ 19 3 29 '\ 36 / 29 , 36 5 
20 ·,. 20 .,..""20 19 \}3/' 19 \331' Zl 
19 ,3, 19 20 '\3 20 '3 4 

20 
19 
18 
21 
10 

9 
5 
8 

wvucTin, 

8 
•22 

/ 16 
• 31 
• 9 

10 
18 

7 
5 
l 

27 
13 
32 
26 
11 
12 
15 
29 
34 
6 

21 
25 
30 

4 

4 
28 
35 
36 
20 
19 

,,3 
/ 2 

24 
33 
17 
23 

37 
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projects, therefore, must begin to incorporate com­
plementary investments in the development package, 
and to look at these projects from a socio-economic 
perspective. 

The multi-criteria appraisal framework proposed 
above has been formulated in response to such con­
cerns. A potentially appropriate set of developmen­
tal objectives is suggested, as well as possible 
means by which a project's contribution to these ob­
jectives might be assessed. These include tradition­
al economic benefits and costs as well as distribu­
tional effects, accessibility to social services, and 
employment generation. This list is by no means in­
clusive; findings of further research may suggest new 
criteria as well as new means of measuring those cur­
rently of concern. The appraisal framework itself 
is independent of possible changes in the criteria 
and of addition of new ones. As the measures for 
each criterion are delineated in their own physical 
units, the direct or a similar utility assessment 
technique is suggested for developing preference 
functions for each criterion, and ultimately scaling 
the contributions of the projects. 

The final step in the formulation of the appraisal 
framework is combining the scaled measures of the 
various criteria for each project into a single value 
structure as a basis for decision making. This re­
quires articulation of the decision maker's preferen­
ces among the various criteria, for which three hy­
potheses are postulated. It is imperative that the 
decision maker be informed as to the implications and 
demands of these scenarios. Equal and cardinal 
weight assignments, for example, require the most in­
formation, but they also give the most reliable re­
sponses provided the weights are correct; ordinal 
ranking, onthe other hand, is generally easier for 
the decision maker, but the maximax decision rule 
tends to be aggressive in ranking projects, and the 
maximin to be conservative. No definitive statement 
as to the appropriate decision rule can be made, 
other than that the selection of the approach is spe­
cific to the situation and cases under review, and is 
constrained by the available information and value 
judgments. 

As a general conclusion, it has been demonstrated 
that it is conceptually possible to structure and im­
plement a multi-criteria appraisal framework to ac­
count for the various socio-economic objectives of 
the rural development effort in the evaluation of 
rural transport projects. It appears that such a 
framework will be highly applicable in the developing 
country context, particularly in light of the large 
volume of resources anticipated to be allocated to 
rural development in the near future. The real 
strength of this appraisal framework is expected to 
be in sorting and ordering a large number of projects, 
for selection of a smaller group of potentially appro­
priate projects to be subjected to more detailed 
inspection. 

3.2 Recommendations 

The framework has been formulated at a conceptual 
level, and although a case study has been carried out 
to illustrate its implementation, it remains to be 
tested under actual field conditions. Some of the 
measures that have been advocated, for example, have 
yet to be collected by any appraisal effort. Such 
field testing of the framework constitutes the first 
recommendation for further action. In this way, pol­
icy makers' and other users' acceptance of the ideas 
and methods proposed can also be assessed. 

Secondly, the multi-criteria appraisal framework 
proposed in this paper is a "first step" effort, and 
some refinements are clearly needed. Although the 
criteria are reasonably straightforward, for example, 

more research is needed on their predictive measure­
ment. Use of land ownership by the target income 
group as a proxy for tracing distributional effects 
entails some restrictive assumptions, which might be 
removed through the structuring of a new measure, for 
example. 

Finally, this research effort has focused only on 
the appraisal problem. Two other problem areas -­
the design and implementation stages -- need further 
study, and are suggested as a third area for future 
consideration. Thus, for example, the design problem 
needs to be investigated as a multi-objective prob­
lem; identification of projects is a particularly 
critical step in the process, as the projects ulti­
mately selected for implementation can only be as 
good as the best of those available. 
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