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INTRODUCTION

Many times a public agency is. responsible for distributing federal
funds among a collection of proposed public works projects in order to
foster economic development in a region. Although one such agency is
associated with nearly every region of the country, the most notable one
in recent years has been the Appalachian Commission.

Common to all selection problems faced by these agencies is the
need to establish a measure of the economic worth of each proposed pro-
ject. In some optimization problems the worth might be measured in

dollars, units of sales, or time. What is the best method of measuring
¢

worth has been difficult to determine, though in recent years the use of
" con . . : : 1
cost-benefit' analysis has received some support in the literature.—

The objective of benefit-cost analysis is to assess
the value of the project from the point of view of the national
economy, not merely to estimate the rate of return on the
government's investment. Benefits, therefore, are the
total increase in the stream of economic values that are
expected to result from the costs incurred in the construc-
tion and operation of the project throughout its life. Costs,
on the other hand, are the expected investment costs and
the costs of operation incurred by the government.

To compare benefits and costs, it is necessary that
they both be placed on the same time basis. This can be
done. ..by comparison of expected annual benefits with
expected annual costs. 2/

1/ C. David Quirin, The Capital Expenditurc Decision (Homeward,
Illinois: Richard Irwin, Inc., 1967), chap. vii.

_2_/ Arthur Smithies, The Budgetary Process in the United States
(New York: McGraw-Hill Book Company, 1955), p. 337.




If one considers cost-benefit analysis to be at one end of a spectrum
of possible ways of evaluating projects, some thought must be given io the
opposite end of the spectrum: a method which is based almost totally on
subjective ideas and in which no justification for the decision is required.
It involves farming out the decision to a person thought to be more expert
in the particular area under consideration. This expert would then consi-
der the projects on the basis of their written proposals--forms which vary
in length from one paragraph to thirty pages for the same type of project--
and select those he thought to be best. In this system the agency exercises
very little control overythe selection. It is easy to contrast a method
such as this with cost-benefit analysis, in which each project is separately
and thoroughly analyzed.

On practical grounds one cannot expect an agency to perform a cost-
benefit analysis for all the projects proposed to it. Neither is it logical
for the agency to carry out the procedure described in the above paragraph.
There must be a middle ground in which the agency can specify the criteria
for comparing projects but which will not require the extensive, time-
consuming, and costly process of cost-bencfit analysis. This study,
therefore,examines an alternative method of evaluating the worth of each
proposed project.

Developing a2 system to measure economic worth or to rank invest-
ment alternatives becomes, in the long run, just a set of guidelines for the

decision maker. These guidelines enable the decision maker to look at two



investment alternatives and make a rational decision about the relative
merits of each. When a basis, or justification, for the decision is needed,
the decision maker need only point to the guidelines which have been
established.

The system of ranking discussed in this paper was developed to
assist a particular public agency responsible for distribu‘ting a large
amount of money to a selected set of public works projects. The contracting
agency asked for a method which it could use to reduce, at least to some
degree, the subjectivity of its earlier methods of selecting the set of
projects to which money should go.

The development of this ranking system will be discussed in a
series of sections. Each section will begin with the statement of a task
as suggested by the Bureau of Business Research at the University of
Michigan in a proposal to the contracting agency. Following each state-
ment will be a description of the work and the suggestions that were made

to the agency.

Standardization

The first step of the research proposal was:

1. Identify and describe the projects under fairly
standardized headings, so that the full and
orderly disclosure of critical informaticn
pertaining to the selection process is available.

A standard format for project proposals was suggested so that thc

comparable pieces of economic information would be available to the agency



when the proposed pfojects were compared. It is believed that such a
standa;.rd form, attached to each proposal and explicitly stating the rele-
vant economic data, is vital to any objective ranking of projects.

It is not practical for any outside éroup to dictate this standard
form. Indesigning the format, however, the agency should make sure
that the proposal will answer specific questions important to the selection
process. Two examples of questions which might be asked on this
standard form are what change in employment might result if a certain
project were undertaken; and, so far as employment is concerned, what

¢
portion of the total region under consideration might be affected by the
change.

It is also apparent that the same standard format for proposals
cannot be used with all projects. The questions relevant to the evaluation
of a project to improve opportunities for higher education would probably
not be helpful in evaluating a project for better health care. If the pro-
posed projects are to be compared only with others of the same class, a
separate standard proposal format for each class should be developed.
The form for each class of projects should of course include all the questions
relevant to the class.

However, projects which do not belong to the same class will some-
times have to be ranked against onn another because the rumber of different

‘

classes should be kept at a minimum. The following list of classes was

proposed to the agency as a workable number.



1. Recreation

2. Conservation

3. Highway development

4., Industrial development

5. Health care

6. Education

7. Planning

8. Agriculture
Although this list is only a sample,”and the circumstances surrounding
each ranking situation will dictate the actual class breakdown, it is be-
lieved that most proposed projects will fall into one of these classes.

It should be noted that if each of the proposed projects is to be
judged against all others, regardless of class, then all proposals should °
follow the same form. Projects which are in competition for the same
amount of money must be judged by the same criteria.

In addition to preparing a standard proposal form, the agency must
give the proposing person, or group, guidelines to help answer the ques-
tions. This can be done by dividing the possible range of answers to each
question into several mutually exclusive, collectively exhaustive segments.
All respons’es that fall into one of these segments will have the same rating.
This will eliminate the need to maintain a continuous scoring scale and will
make it easier for the decision maker to see which projects scem equally

deserving with respect to a particular question.



Criteria

The second step of the research proposal was:

© 2. Establish criteria for the evaluation of the
individual projects. One procedure which
seems applicable is the identification of
six to ten economic criteria.

The criteria that seemed most applicable in judging a set of
proposed projects were discussed with the agency early in this research,
since the criteria represent a most important segment of any ranking
scheme. Following is the list of criteria and relevant questions which

¢

were presented to the agency for discussion.

1. Employment. Will the project increase employment in the

region? Does this mean that new workers will be attracted to the
region or that the residents of the region may be retrained to
handle the new types of work created by the project? In trying

to evaluate the employment increase, one must consider not only
immediate increases but later increases as the project develops.

2. Per capita income. What will be the relative increase in per

capita income in the region affected by the project? Will any increase
be caused by an influx of higher-salaried workers from outside the
region? Will an increase affect only a narrow segment of the popu-
lation, or will it affect a broad group?

3. Education. Will the project bring greater educational opportu-

nities for the residents of the region? Will this improvement cause



the residents to leave the region for even better opportunities else-
where or will they stay ? Will people from outside the region
migrate there in order to take advantage of these opportunities ?

4, Public services. Will the project improve public services

for the residents of the region? Can it be dec-ided whether, for
example, a proposed sewage disposal project will provide more
public service than a new highway which allows easy access to
public parks ? Can a proposed project be counted on to provide
new public services or will it just improve already existing ones?
5. Housing. Will the proposed project improve the region's
private housing ? Will it add new housing, or will the improve-
ment consist of rehabilitating old houses?

6. Public investment. Will the project require further public

investment as time goes by ? If so, is this a liability or an asset?
Will the further investment be such as to limit the flexibility of
the agency in later years if new and better proposals are made ?

7. Private investment. Will the project generate more private

investment ? How much further investment by the private sector
can be expected if this proposal is carried out? What effects will

these additional investments have in the region?

8. Tourism. Will the tourist activity in thc region be incrcased by

the proposed project? Will there be a risk of subjecting existing

facilities to too much use or will the project provide for new and



better facilities ? Will the residents of the region receive a

greater monetary return from the rise in the tourist level?

9. Property values. Will the project increase property valuation

in the region? Is it possible that the project will make a region

less desirable and hence lower the valuation? Is the expected change
" in valuation a long-run or short-run change? Will the change in

valuation be local or regional?

10. Competing projects. Are there other projects which cannot

be started until this one is completed? If so, what is the nature

of these projects? Are they sufficiently important to necessitate

starting the proposed project? If not, are there '"ground floor"

projects which should be started in place of the proposed project?

It was mentioned earlier that proposed projects may be compared
only with others of the same class, in which case a separate list of criteria
should be developed for each class. If each project were to be considered
against every other project, regardless of class, it would be necessary to
use the same set of criteria for all projects. It can be shown that if proposed
projects are compared only with projects in the same class the selection
decision will hardly ever be optimal in terms of the general criteria. One
should realize, however, that an agency responsible for evaluating a large
number of projccts probably has neither the tirmme nor the available talent
to consider broad questions about a wide varicty of projects. It is possible,

and much easier, to compare projects with similar characteristics. The



loss that occurs in theoretical optimality because of this decision is probably

recovered in the saving of time and expense in connection with the ranking

procedure.

Measurement of intangibles

The third step of the research proposal was:

3. Special steps should be taken to collate materials
on economic theory with data on the contribution
that the various types of development projects
make to the long-run economic growth. Such
information would be reviewed carefully and
used as background by the individuals chosen
to judge the proposed economic development
projects.

A method to account for the differences in the contribution of
various classes of economic development projects was introduced to the
agency and will be reviewed later in this section. A measure of these
differences can be used advantageously by the agency in the ranking
procedure, and the development of the measure should therefore be given
special emphasis. Like the selection of criteria, the specification of
differences in contribution can be reasonably permanent if the agency is
careful to define the measure in accordance with available information
concerning the long-run economic effect of various classes of projects.

The rationale for calculating differences between the long-run
economic effects of the project classes is not difficuitl 1o expiain. For

example, from past experience in the region it might be determined that

more lasting and impressive economic development effect is generated by
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building an industrial plant than by building a hospital. It is not possible
for the commission to compare all the effects of these two types of
buildings, since many of the effects may be intangible. Nevertheless,
one should try to measure the intangible benefits subjectively so that they
can be considered in the judging and selection process.

It is apparent that no method exists whereby the agency can evaluate
all the economic characteristics of a proposed project. Certainly some of
the long-run effects of a proposed project cannot be measured exactly. It
is also apparent, however, that by careful examination of historical data
the agency can make a good, and valid, attempt at measuring the long-run
effects on the economic development of a particular region.

Perhaps the most reasonable and the most easily implemented
method is that the decision-making body in the agency establish its own
subjective judgmeﬁts regarding the differences in long-run economic
gains expected for each class or, at the very least, its own subjective
ordering of the classes in terms of thesé: differences. It will be necessary
to establish a numerical standard specifying the relative difference in the
long-run economic effect in each class in order that the ranking procedure

be used most effectively.

Scoring

The fourth step of the research proposal was:

4. Develop a quantitative method of scoring economic
development projects.



The scoz.'ing process can be separated into three segments. The
first segment is determining the differences in long-run economic gains
expected from varijous classes of proposed projects (partially discussed
in the previous section of this report); the second segment is weighting
the criteria in terms of their importance to the agency in the ranking process;
and t‘he 'third segment is ranking each proposed project within its class
according to each of the criteria. We will consider these three segments
singly.

There are two reasons for separating proposed projects into different
classes. As was mentioned earlier, by grouping similar projects and then
scoring them only in relation to others in the same class, it is possible to
reduce the conceptual problems in the scoring system. Also, this break-
down into classes will allow the agency to include some of the intangible
long-run effects of each class in their considerations.

Once the list of classes is determined, the work of the agency should
proceed in the following manner. Choose the class of projects which has
been judged by the agency to promise the least long-run economic behefit
to the region. Assign 1000 points to that class. Now choose the class
that has been judged by the agency to be next to the lowest as far as long-
run economic benefits are concerned and assign to it a proportionately
larger numBer of points. For example, if the conservation class of pro-
posed projects was judged by the agency to have the least long-run effect,
it would be assigned 1000 points; and if health care projects were chosen

as the class next above it, with the difference in their effect estimated at



5 i)er cent, the health care class would be assigned 1050 points. When
each class has been assigned an appropriate number of points the first
segment of tﬁe scoring procedure is complete.

Members of the agency may believe, however, that there are no
differences in long-run economic effects of the various classes. In that
case each class would receive 1000 points. It is probable, however, that
differences do exist, and if the scoring system is to be accurate these
differences must be considered.

Because the second segment of the scoring system can, and should,
be completed independently of the first segment, work on the second
segment could be finished before the first is complete. The second segment
consists of ranking and weighting the criteria in terms of their importance
in judging the economic benefits expected from the class of projects. In
this segment of the scoring procedure the points assigned to each class
are divided among ;che criteria; thus, part of the final score assigned to
each project will represent the expected performance of the project with
respect to each of the criteria. By allocating a certain number of points
to each of the criteria, we set an upper limit on the number of points a
project may gain if optimum resulls are foreseen with respect to that
criterion. The points should be divided among the criteria in such a way
that the nurﬁber of points a proposed project may gain with respect to each
criterion will be an index of how important the cyriterion is in the judping

and selection process.
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What is the most important criterion when the agency judges each
class of proposed projects? Is it employment, education, or environmental
qualities ? The agency must answer this question. Next it should assign
a score of 10 units to this criterion. The second most important criterion
in each class must then be chosen, and the agency will show its relative
importance by assigning to it some score less than, or perhaps equal to,

10. Fractional values of units are allowed in the scoring, and it is certainly
reasonable to give the same unit total to several of the criteria if they are
thought to be equally important in the judging and selection process.

After each of the criteria has been given a unit score it is easy to
see how the points given to each class of proposed projects are distributed
among the criteria. Simply add the total units assigned to all of the criteria
in a class and find what proportion of the total number of units has been
assigned to each of the criteria for that class. Let us say, for example,
that in a judgment involving the conservation class, employment received
10 units, and education received 7 units; the total of the units assigned to
all of the criteria within the class was 40. Employment would then receive
25 per cent of the points assigned to that class, and education would receive
17.5 per cent. If the conservation class of proposed projects was assigned
a total of 1000 points, a proposed project in that class will receive a
maximum of 250 points for its expected contribution to employment and 2
maximum of 175 points with respect to its educational benefits. Simnilarly,
if a class of proposed projects has been assigned a total of 1500 points and

the same criteria are used, employment benefits would be worth, at most,
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373 points, and educational benefits, at most, 262.5 points.

Points are assigned to each of the criteria to give the agency a bench
mark when it awards points to a perject for each of the criteria. Ifa
proposed project is the best in its class with respect to a criterion, that
proposed project will receive all the points allocated to that criterion. If
the proposed project's expected performance with respect to a criterion is
something less than the best, it will receive a smaller number of points.

It \a;ould be advantageous at this point to recall what has been done
on the scoring process thus far. First, each class of proposed projects
has been assigned a total possible number of points, as an index of its
long-run economic effect compared with other classes. Second, the total
possible number of points allotted to each class has been divided into sets
of points assigned to each of the criteria. The points assigned to each
criterion reflect the relative importance of the criteria in the judging and
selection process.

A sample of the division of points that could be developed for one
class of proposed projects might be helpful; the conservation class has

been chosen for the example.

CONSERVATION--1000 points

Points
Employment 250
Per capita income 250
Public services 125
Private investment 125
Education 175

Dependent projects ' 75



-15-

!

The third segment of the scoring procedure was stated to be '"ranking

each proposed project within its class according to each of the chosex

criteria.'" This procedure can be carried out as follows:

1. Choose the project judged to promise the best performance
among all projects within its class with respect to the
criterion under consideration. Assign to that project the
highest number of points that a project in this class, judged
according to this criterion, can receive. These maximum
figures were generated in the second segment of the scoring
procedure.

2. Rank all the other proposed projects in the class similarly,
in terms of their relative performance, assigning to each
project a smaller number of points corresponding to the

lesser benefits expected from them.

3. Complete this process for each class by project and by criterion.
and record the points received by each project.

4, Total the number of points that each project has received
and assign this number to the project as a score.

This number represents the relative contribution a proposed project
could be expected to make toward the economic development of the region
under consideration, according to the criteria that the agency considers

to be most important as a basis for judgment and selection.

Conclusion

What is accomplished by a scoring method that ranks a set of proposed
projects on the basis of individual scores? How do these scores assista
selecting agency in choosing a set of projects to be {funded? These queslious

must still be answered.
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The agency is seeking to optimize the welfare of the region that will
be affec:;ted by these public works projects. A handy way to do this, given
the scoring of the projects, would be to select for implementation those
projects which have the highest scores. Except in rare instances this is
not the optimal solution, however, because it does not take into consideration
the costs of the projects. There are several mathemathical programming
techniques which can be helpful in solving the selection problem. The
choice of the proper technique depends on the constraints placed on the
agency.

If the agency is awarded a large sum of money in one installment and
is required to commit all this money to the completion of projects, some
of which might take ten years or more, the allocation of funds becomes a
"knapsack' problem. The common solution to such problems is well known:
maximize the total score in each class, subject only to a budgetary constraint.

When time becomes an added constraint on the selection procedure
more difficult procedures are called for, such as dynamic programming
and possibly dynamic Markov Programming Solution. Whether these are
available will depend on the complexity of constraints under which the
agency must operate.

Thus with any method of scoring proposed projects the problems of
selection are far from solved even when the scoring is completed. As a
part of the research which developed the scoring procedure discussed here,

work has begun on an integer programming algorithm to solve certain
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classes of all_ocatio;m problems, and this attempt will be described later,
The main result of the research so far has been to develop a procedure
to provide inputs to a further selection procedure. The scores developed
are by no means ends in themselves.

Some obvious problems come to mind immediately when one considers
a scoring method such as the one described in this paper. What if a person
cannot tell you exactly what income effect a proposed project will have on
the region, but can give only a probability distribution of possible effects ?
Who is to state what the employment effect of a project will be? Where
will the funds for working up reliable statements come from? What loss
is taken by judging projects of the same class only against each other and
not against all other projects ?

Many more questions of this type could, and should, be raised. The
method proposed here does not answer all questions, nor was it developed
with that lofty goal in mind. It does, however, suggest to a federal agency
a reasonable set of standards to use when doling out federal funds. It is
also an improvement on the decision-making techniques which are being
used at present by some of these agencies. The needs of communities
and the sums set aside to satisfy them make it important to allocate rnoney

wisely. Any effort toward this end is a step in the right direction.
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