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INTRODUCTION

State vocational rehabilitation agencies are increasingly being
called upon to do cost-benefit analyses of their rehabilitation programs.
State legislatures want such analyses done so that the desirability of
rehabilitation programs can be gauged and compared to other programs.
Also, the federal agencies involved in vocational rehabilitation want
cost-benefit analyses dore, for much the same reason. Often the State
agency itself wants a cost-benefit analysis available for use in decision-
making and program evaluation.

This paper is written to help State agencies use cost-benefit
analysis. The paper attempts to present cost-benefit analysis as clearly
as possible, without too much detail. In addition to presenting cost-
benefit analysis, a model for doing cost-benefit analysis of rehabilitation
programs is discussed. The model is also presented without too much
detail. The mathematical formulation is presented in an appendix; a fuller
statement of the model and some improvements on it will appear in a
subsequent publication. Data specifications and new directions for the
improvement of the model round out the paper. An appendix of selected
(not comprehensive) readings on cost-benefit analysis in general and on
the application of cost-benefit analysis to vocational rehabilitation
programs is included for those who desire to read further.

The cost-benefit model itself requires for its use a minimal
amount of data from the State agency. (See subsequent section on data

specifications.) The model is also very flexible. Any additional data
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or different ways of handling any of the parts of the model can easily
be incorporated. The model and its parameters have been tested. A sen-
sitivity analysis has been performed on all the parts and parameters of
the model. The model has also been used to analyze the rehabilitation
program at the federal level, for the years 1960, 1963, 1966, 1969, and

1970.l

lChristian Averous, with Konrad Stahl and Charles B. Cole, '"Cost-Benefit
Analysis of Rehabilitation Services Programs: A First Model and Its
Sensitivity Analysis," Working Paper No. 163/RS001, Institute of Urban and
Regional Development, University of California, Berkeley, November 1971.



CHAPTER 1

INTRODUCTION TO COST-BENEFIT ANALYSIS

In order to introduce cost-benefit analysis the following topics
are covered: cost-benefit analysis and its use, approaches to cost-
benefit analysis, numerical results, costs, benefits, and social discount

rate.

I.1. Cost-Benefit Analysis and Its Use

Cost-benefit analysis is a method for decision-making. The de-
cisions are decisions on which programs or projects governments should
undertake. Given several alternative projects or programs, how can the
decision-maker choose among them? The choice among projects may be im-
portant because some of the projects may not be "worthwhile." Or,
the choice among projects may be important because only enough money is
available to undertake a certain dollar amount of projects.

Cost-benefit analysis is not an artificial way of looking at
things. In fact, it is often implicit in day-to-day affairs. For example,
you have arrived at the airport for a large city. The airport, however,
is thirty miles from the downtown area, where you have a meeting. You
ask at the information desk and find there are several ways to get from
the airport to the city. You could take a taxi, helicopter, bus, limousine,
monorail, or rent an automobile. Each of the different modes of trans-
portation costs a different amount, each provides a different amount of
comfort and speed, and each lets you off in the city with different degrees

of closeness to your destination. You certainly would not want to just



take the cheapest mode. Although you would spend the least amount of

money, you might get delivered on the other side of town two hours later.

On the other hand, you might not want to take the fastest, most comfortable,
closest-delivery mode, since that mode might be too expensive. In fact,

the fastest mode might not be the most comfortable, and so on. What you
would do would be to balance the costs and the multiple benefits and

choose the mode of transportation on the basis of a comparison of the

costs and benefits of all the modes. In a sense, you have done cost-
benefit analysis, intuitively.

Several results come out of a cost-benefit analysis. Of course,
there is the numerical result, for example, the cost-benefit ratio. More
importantly, there is a list of assumptions and data used to get the numer-
jcal result. The numerical result is only as good as the assumptions
made and the data employed. An important side result of a cost-benefit
study is some additional understanding of the program being analyzed. For
example, in doing a cost-benefit analysis an exhaustive list of program
benefits is required. In making such a list, benefits that may not
previously have been recognized as benefits come to be recognized as
such.

What is the use of cost-benefit analysis? Cost-benefit analysis
is certainly not a substitute for the judgment of the decision-maker. Nor
is the economic emphasis of cost-benefit analysis designed to supplant
the very important social and political considerations of a decision.
Rather, cost-benefit analysis is an aid to decision-making, one more tool
for the use of the decision-maker.

Two types of decisions are amenable to cost-benefit analysis. At

one level there is the decision to undertake a program at all. Cost-
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benefit analysis can be used to decide which alternative projects should
be undertaken. However, the projects being compared should be projects
that have the same goal. For example, it is not proper to use cost-
benefit analysis to justify providing services to one group while denying
services to another group, if Congress and state legislatures have shown
that they want both groups served. Cost-benefit analysis is more properly
used in deciding between alternative programs for serving the barticular
groups.

At another level, cost-benefit analysis is helpful in deciding
on project scale. Cost-benefit analysis can be used to decide whether to
contract or expand a program, and to decide how much to contract or ex-
pand a program. (Note that marginal, and not average, costs and benefits
must be used for decisions involving program expansion and contraction.
See subsequent discussion on marginal and average costs.) However, if
a cost-benefit analysis shows that the costs of a program are greater
than the benefits, then there is no necessary reason to contract the pro-
gram. Rather such results indicate that new program strategies must be

developed and implemented.

I.2. Approaches to Cost-Benefit Analysis

The heart of cost-benefit analysis is the enumeration of costs and
benefits and the comparison of costs and benefits. The enumeration of
costs and benefits depends mainly on what approach is taken toward cost-
benefit analysis. These approaches are discussed immediately below. The
comparison of costs and benefits can be accomplished several different
ways, depending on the viewpoint taken and on the purposes for doing the
analysis. These comparisons will be discussed below in the context of

numerical results of a cost-benefit analysis.
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There are two similar, but not exactly equal, dichotomies of types
of approaches within cost-benefit analysis. One dichotomy is between real
resource and financial approaches. The other dichotomy is between social
and taxpayer approaches. The real resource approach is similar to the
social approach, and the financial approach is similar to the taxpayer
approach.

The real resource approach to cost-benefit analysis considers
only costs and benefits that involve the use of real resources. For
example, a cost such as the purchase of physical restoration services in-
volves the use of real resources; that is, medical skills and supplies
are consumed. Trainee remuneration in a manpower training program that
trains unemployed individuals does not involve real resource costs, since
the individuals were not previously employed. No previously engaged
resources are taken from their use by the expenditure of the trainee
allowances. The expenditure of the trainee allowance does not cause
any opportunities for other actions or activities to be foregone. The
financial approach includes all costs and benefits, regardless of whether
they are real resource costs and benefits or not. For example, for an
operating agency any expenditure made is considered as a cost.

The social cost-benefit approach takes the viewpoint of society
at large; whereas, the taxpayer approach takes the viewpoint of taxpayers.
That a rehabilitant earns more money as a result of the rehabilitation
process does not benefit the taxpayer directly. Of course, society as a
whole benefits by the amount of the rehabilitant's earnings; the total
earnings of the society increase. (Often the social approach is likened
to a "GNP" [Gross National Product] approach, because it counts costs and

benefits in a way that the accounting methods of national income accounts



do.) On the other hand, the taxpayer does benefit somewhat by the re-
habilitant's earnings. If the rehabilitant were on public assistance
prior to rehabilitation, then the taxpayer would benefit from the reha-
bilitation program due to reduced public assistance payments. The
taxpayer would also benefit by the increased taxes the rehabilitant would
pay on his increased earnings. In the social approach, however, taxes
are not a social benefit, since they involve only a transfer of money

and not a net gain in production to the society.

To get an idea of the interplay of these two dichotomies and of
the importance of the perspective involved, consider three levels of
concern: society, central budget bureau, and operating agency. At the
societal level only real resource costs and benefits are of concern. How-
ever, for the central budget bureau and the operating agency, any savings
in expenditures that a program causes must be counted as a benefit, since
those saved monies can be used for additional programs. For example,
if manpower training programs lead to reduced public assistance payments,
then these payments should be included as a benefit, from the perspec-
tive of the central budget bureau. From the society's viewpoint these
reduced payments are not a benefit, since no additional production is
generated. In addition, the operating agency concerned with the manpower
training program does not benefit from reduced public assistance payments;
the operating agency does not get any additional monies to spend. Thus,
whether the benefits are counted as such depends on the perspective for
the cost-benefit analysis. It should be noted that the legislature is

often calling for a social perspective.



I.3. Numerical Results

The numerical results from a cost-benefit analysis come in many
different forms. However, there are three important and generally used
types of results:

1. the cost-benefit ratio

2. the discounted net present value

3. the payback period.

The cost-benefit ratio is simply the ratio of benefits to costs,
that is B/C (BiC), where the costs and benefits are discounted (see section
on social discount rate). If the ratio is greater than one, then the
project should be undertaken, provided that it can be afforded. The dis-
counted net present value is the difference between the discounted benefits
and the discounted costs, that is, B ~ C. Often the term "discounted net
present value" is shortened to "discounted present value" or even 'present
value." If the present value of a project is greater than zero, then the
project should be undertaken, provided that it can be afforded. When
comparing two or more projects, projects with the higher ratio or present
value are the preferred projects. The time that it takes for a project
to pay back its costs is the payback period. The calculation can be
viewed as follows: C = §§Bi, where Bi is the amount of benefits in the
ith time period, and P i;—ihe payback period. For example, if the cost

of a project were $100 and the benefits were $70 in the first year and $10

a year thereafter, then the payback period would be 4 years, since,

$100 = $70 + $10 + $10 + $10
that is,
u
$100 = > B

When comparing two or more projects, projects with the shorter payback

periods are preferred.
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The choice of a numerical result depends on the properties de-
sired in a result. The ratio approach has a straightforward and intuitive
meaning, the rate of return per dollar invested. For example, a cost-
benefit ratio of 20 (20/1) suggests that twenty dollars is the return
for each dollar invested. However, the discounted present value approach
has the advantage of indifference to the definition of costs as costs or
as negative benefits, or the definition of benefits as negative costs or
as benefits. This is not true for the ratio calculation. For example,
the change in custodial costs as a result of the rehabilitation program
can be counted as a benefit or as a negative cost. The advantage of the
payback calculation is that it gives a time perspective, by stating the
amount of time required to return an investment.

Although there is no necessary correspondence between the cost-
benefit approach and the numerical result, quite often the social approach
is linked with the calculation of a cost-benefit ratio or of the present
value. On the other hand, a payback calculation is often performed
within a taxpayer model. In fact, any of the three calculations could

be made for any group, not just society at large or taxpayers.

I.b. Costs

The enumeration of costs depends on the program. Generally there
are two types of costs: fixed costs and variable costs. Fixed costs are
costs that occur regardless of the level of output. For example, certain
administrative tasks must take place no matter how many rehabilitants
are offered services. The same is true of building-rental costs.
Variable costs are costs that can be varied. For example, the amount of

vocational training available to those undergoing rehabilitation can be
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varied. In a sense, all costs, including fixed costs, are variable costs
in the long run.

Also, the enumeration of costs depends on the viewpoint chosen for
the cost-benefit analysis. Maintenance payments paid to clients during
rehabilitation are not a real resource or social cost but are indeed a
financial or taxpayer cost.

Another important concept in discussing program costs -- or costs
of any kind -- is the distinction between average and marginal costs.
Average costs are costs over the entire range of output. Marginal costs
are costs for adding the last increment or margin of output. For example,
suppose that a decision is to be made concerning whether to try to help
a particular group of clients. Furthermore, suppose that these clients
will be very difficult (costly) to rehabilitate. If the average costs
are considered, then the costs of the new group will be averaged in with
the costs of all other rehabilitants. Average costs would probably not
show a sharp increase. However, the costs of concern are not average
costs but rather marginal costs. The costs that must be considered are
the costs for adding this group. This marginal cost will be much higher
than the average cost. The marginal versus average cost distinction is

important when considering program expansion or contraction.

I.5. Benefits

The enumeration of benefits depends on the program. In the case
of manpower training programs, a major benefit is the increase in earn-
ings of the trainees, where this increase is due to the program. How-
ever, not all benefits are monetary benefits; that is, not all benefits
can be readily quantified in dollar terms. For example, if a trainee were

able to get a job as a result of the manpower training program, the trainee
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might gain in self-esteem or might participate in the larger society ~- for
example, by voting -- to a greater degree. In the case of the rehabili-
tation program some very important additional non-monetary benefits in-
clude the reduction of attitudes linked to dependency and the change in
the quality of life of the rehabilitant's family.

The enumeration of benefits also depends on the framework used
for the cost-benefit analysis. One benefit of a manpower training program
might be a reduction in unemployment compensation. As noted previously,
unemployment compensation is a transfer payment and thus does not involve
a change in resources. As such, in a social model a reduction in un-
employment compensation is not a benefit. However, in a taxpayer model,
a reduction in unemployment compensation is certainly a benefit, since
costs to the taxpayer are reduced.

One major problem in identifying and measuring the benefits of
a program is the problem of cause and effect. What does the program really
change? For example, take the increase in earnings a rehabilitant ex-
periences from acceptance to closure. Does the program bring about all
of this change? Changes in general social and economic conditions could
have occurred, such as a decrease in the unemployment rate or inflation.
Would the rehabilitant unemployed at acceptance have found a job without
the program? Perhaps he would have. On the other hand, would the re-
habilitant with earnings at acceptance have lost even those earnings if
he had not entered into rehabilitation? The problem is that time passes
during the training process, often more than one year, and something may
have happened to the client had he not come to the rehabilitation agency.

There are some ways to handle the cause and effect problem. The

use of a control group may enable the determination of cause and effect.
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Rehabilitants can be compared with a group similar in every way to the
rehabilitants, except that the control group does not receive services
akin to those provided by the rehabilitation program. However, control
groups most often are generated through the denial of services, and it is
ethically very difficult to justify the denial of services to those who
need them. On the other hand, it may be possible to find a control

group that is not generated through the denial of services. Some agencies
have used 28 and 30 closures as control groups for evaluating program im-
pact on rehabilitants. Such an approach often ignores that there may

be significant differences between these groups in terms of disability
and demographic characteristics, that the control group may receive
services from other agency sources, and that some of the gains of the
control group may be attributable to rehabilitation services received.
Clearly, control groups are still a very difficult conceptual problem

to handle. Another approach is to look at differences between programs
already in operation. By comparing the results of programs to accomplish
similar goals, program impact may be ascertainable. Quite often, however,
in the absence of control groups or different programs, a before and

after approach must be adopted. The differences between conditions after

the program and prior to the program are assumed to be the result of the

program.

I.6. Social Discount Rate

The concept of a social discount rate is very important in cost-
benefit analysis. Using discounting reflects two simple facts, each of
which is the flip side of the other. A dollar in your possession today
is worth more to you now than a dollar in your hands tomorrow. As a

result, you will pay additional money -- interest -- to get a certain
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amount of money now, and pay back the principal and the interest at a
later time. On the other hand, you can put your money in the bank now
and get more back for it at a later time; that is, you get interest on
your deposited money.

The social discount rate is similar to the interest rate but
applies to the society as a whole. The discount rate handles the time
dimension of the program analysis. The future costs and benefits of a
program are brought to the present -- expressed in their present value --
because that is where the decision is to be made. In addition, the social
discount rate can be viewed as having three basic components: time
preference, opportunity cost, and uncertainty. The time preference com-
ponent refers to the inclination of people to postpone present con-
sumption for future consumption and vice versa. For example, some people
are willing to put off buying a car and a home in order to continue
their education, in the hope that their education will pay off in higher
earnings in the future. The opportunity cost component refers to a con-
cept frequently used in economics, that of opportunity cost. The oppor-
tunity cost of an action is the next best action that could have been
undertaken, but was foregone. Opportunity costs are involved in the
social discount rate since opportunities change with time. Also, by under-
taking a project in the public sector, a project in the private sector
may be foregone. Opportunity costs, then, are revealed in a comparison
of public and private investment. The third component, uncertainty,
takes into account the uncertainty of costs and benefits in the future.
The uncertainty factor is especially crucial when costs and benefits are
projected twenty or more years into the future, as is often done in

cost-benefit analyses of programs.
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The choice of a discount rate is important, since when one rate
is used a project may seem to be justified, but when a higher discount
rate is used it may not be justified. The social discount rate can be
chosen on the basis of the particular program involved, on the basis of
guidelines from some central budget bureau for a governmental unit, or
on the basis of an examination of the three components of the discount

rate. In any event the choice of a proper discount rate is not an easy

matter.
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CHAPTER II

A MODEL FOR COST-BENEFIT ANALYSIS OF
VOCATIONAL REHABILITATION PROGRAMS

Several models have been developed to do a cost-benefit analysis
of vocational rehabilitation programs. A social model is presented
herein. A taxpayer payback model has also been developed but is reported
elsewhere. The model presented is within the context of a one-year
period. Most costs occur in this year, and all closures in this year
define the group of rehabilitants. (However, benefits do continue into
the future.) Only those closed into status 26 are considered to benefit
from the program, since it is assumed that only status 26 closures rep-
resent program successes.2 The model and the parameters used in the
model are essentially conservative. Costs are probably overestimated, and
benefits are probably underestimated. Thus, the numerical results are
minimum not maximum values. Even so, the numerical results indicate very

substantial returns to vocational rehabilitation programs.

II.1. Costs

The major costs of the vocational rehabilitation program are of
course the program costs. However, several adjustments have to be made
to the program costs. First, some components of program costs must be

deleted. Second, some additional costs must be included.

2Some state agencies treat increased earnings of 28 closures as additional
benefits, while others use 28 closures as a control group to reduce the
amount of earnings of 26 closures that are assigned causally to the re-
habilitation program.
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Program costs are the basic costs. For the federal level these
costs are expenditures under sections 2 and 3 of the Vocational Rehabili-
tation Act and from Social Security Trust funds for the rehabilitation of
Disability Beneficiaries. Program costs include both case service costs
and overhead costs.

Costs that must be subtracted from program costs include carry-
over costs and maintenance costs. The analysis is for a one-year period,
but some rehabilitants closed in that year incurred expenditures the
previous year, and some rehabilitants incurring expenditures in the year
were not closed in that year. In a program in which the same number of
rehabilitants are closed each year, the two departures from the one-year
accounting scheme cancel each other out. However, in an expanding pro-
gram, more rehabilitants incur costs in the year without being closed in
that year than are closed in the year with costs incurred in previous years.
Thus, the carryover cost adjustment is made for increases in expenditures
in the year under analysis not the result of that year's closures. Main-
tenance costs are transfer payments, and thus are not real resource or
social costs. The portion of program costs that are associated with main-
tenance payments must be excluded from consideration.

Additional costs that must be estimated include:

1. repeater costs

2. program costs not borne by the agency

3. research, demonstrations, and training costs

4, foregone output.

Repeater costs are future costs. Some rehabilitants closed in 26 status
do come back for additional services. Although these costs may not be

incurred in the year under analysis, these are costs attributable to the
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closures in that year. Of course, future repeater costs only can be
estimated on the basis of past repeater costs, if the analysis is being
made on the current year's program. Some services are provided under
the rehabilitation plan for which the rehabilitation agency does not pay.
However, these costs borne by parties other than the rehabilitation
agency are part of the overall social cost of rehabilitation. The addition
of research, demonstrations, and training costs reflects the fact that
closures in a given year benefit from previous research, demonstrations,
and training. For example, the counselor receives training which bene-
fits the rehabilitant. For part of the rehabilitation process, the reha-
bilitants are without earnings. If the rehabilitant had earnings at
acceptance, then the rehabilitant must have foregone these earnings to
enter the rehabilitation program. Moreover, these earnings are a loss
to the economy and must be counted as a cost of rehabilitation.

One very real problem with costs occurs under disaggregation.
Quite often, a cost-benefit analysis is performed for the part of the
program dealing with a specific subgroup of the total population of clients.
Case service costs for the subgroup are readily available from R-300
sources. The problem comes in allocating the overhead costs to the sub-
group. The case service costs are variable costs, but there are also
fixed costs involved in the rehabilitation of members of the subgroup,
costs such as counselor salaries and administrative support. Deciding
how much of the overhead coststo distribute to the different subgroups is
a difficult problem, for which several not fully satisfactory approaches
are available and are being studied. Furthermore, since case service
costs are less than half the total costs incurred in rehabilitating
clients, the allocation of fixed costs assumes great importance in de-

termining the cost-benefit results for client subpopulations.
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IT.2. Benefits

The benefits of the vocational rehabilitation program include:

increase in earnings

increase in homemaking services and care of children

other nonpaid work, for example farming

unpaid work beyond normal occupation, that is, work after hours
savings in medical and custodial costs incurred by the client

savings in medical, custodial, and institutional costs in-
curred by the state

changes in the output of other family members; for example,
if a rehabilitant gets a job, another family member may
leave the labor force

psychic benefits, such as

a. improvements in functional capability for non-earnings-
related activities, for example recreation

b. improvements in the family situation

c. insurance for the effects of disability for society in
general

Additional taxpayer benefits include:

1.

2.

increased taxes onthe increased earnings

savings in transfer payments, such as Social Security, public
assistance, and Workman's Compensation

The benefits used in this model are the increase in earnings

and the increase in nonpaid output, including homemaking and other nonpaid

work. The other benefits are not included, either because additional

work is being done to enable their estimation or because the benefits

are difficult to quantify in dollar terms. Also, taxpayer benefits are

left out since the model is a social one. By including only part of the

benefits of rehabilitation, the total benefits are underestimated.
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The paid earnings are a major benefit in a social model. On the
other hand, nonpaid earnings are also an important component of the
benefits of the rehabilitation program. However, the rehabilitation
program shows significant returns even when paid earnings are the only
benefit.

The increase in earnings computation is based on a before and
after approach. Average weekly earnings of rehabilitants at closure are
higher than average weekly earnings at acceptance. This difference is
the increase in earnings attributable to the program. Nevertheless,
the higher earnings of the rehabilitant at closure do not continue
through time unchanged, nor do these increased earnings continue indef-
initely. To get the total stream of earnings for all rehabilitants,
the following modifications must be made to the increased earnings at
closure:

1. retirement

2. mortality

3. labor participation

4., increases in earnings

5. time spent in rehabilitation, without earnings

6. discounting.

The earnings stream of a rehabilitant stops at retirement. For
the purpose of this study, 65 was assumed to be the age of retirement.

The modification for mortality recognizes that the earnings
stream of a rehabilitant might be cut short due to death. To calculate
the number of surviving rehabilitants at any time, the cohort-survival
method of population studies is used. To perform such a calculation the

ages of the rehabilitants at acceptance and the probability of surviving
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from one time period to the next for each age group must be known.
(The probability of surviving is one minus the mortality rate.)

The concept of labor participation is used to denote the number
of rehabilitants who have earnings at a particular time. Some clients
closed in status 26 do not have earnings at closure. Of those that do have
earnings at closure, some quickly, within a year or two after closure,
lose their jobs. These job losses can be considered to be an indicator
of the failure of the program, failure in the sense that services were
not sufficient in removing vocational handicaps so that the rehabilitant
could continue to be employed, even though he had been employed for at
least thirty days after closure. Over a longer period of time, some
additional rehabilitants will drop out of the labor market, for example
due to the worsening of disability or changes in family situation.

The wages of rehabilitants may rise due to one of two factors:
learning or secular rises in wages. The younger rehabilitant or the
rehabilitant entering a new profession may show sharp increases in wages
due to his mastering his new job. In addition, wages in general in-
crease in the economy; some suggest that data for the United States shows
that the annual increase in productivity has been around 2.5%.

An additional adjustment to the earnings stream recognizes that
the time spent in rehabilitation is also time spent without earnings.

The amount of earnings that would have been made in the period during
rehabilitation without earnings (during the last few months of rehabili-
tation the clients often have earnings) must be subtracted from the earn-
ings stream.

Furthermore, the earnings stream must be discounted, for reasons

previously discussed.
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To illustrate these several modifications, a hypothetical group
of rehabilitants will be taken through time, and some of the modifica-
tions will be made to their earnings stream, using hypothetical data.
Suppose that 1000 clients between the ages of 20 and 24 are closed into
26 status in a specific year. Furthermore, suppose that the average
annual earnings of those with earnings at closure are $2500. However,
only 95% of the rehabilitants have paid earnings at closure. From
past follow-up data it is thought that earnings will go up by 25% by
the fourth year after closure. After that, earnings will increase at a
rate similar to that of the general increase in wages in the economy,
2.5%. Also, follow-up data suggests that it is likely that 20% of those
with earnings at closure will leave the labor force by the fourth year
after closure. From the fifth year on it is estimated that .5% of the
rehabilitants will leave the labor force each year. A discount rate of
% is used.

The results of the modifications are displayed in Table 1. Note
that no adjustment has been made for time spent in rehabilitation. Also,
total earnings for the 5-year period are not shown due to some further
modifications that have to be made for the distribution of mortality
over the S5-year period. Without such a modification total 5-year earn-
ings could easily be calculated, by multiplying total annual earnings
by 5. What is shown is the total annual earnings of all rehabilitants.
Furthermore, only nine 5-year periods are shown, since after U5 years
all of the rehabilitants are over 65. The formulas used to make these
calculations are given in Appendix I.

Several things are apparent from looking at the figures. Even
though average annual earnings increase a great deal over the 45 year

period, this increase is more than offset by the effects of mortality
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and by the decline in labor participation. In addition, once the dis-
counting adjustment is made, earnings in the later years are much smaller
than in the earlier years. To get the total increased earnings stream
the discounted earnings for the nine periods must be added. Instead,
since only one-year earnings are portrayed, this addition is not done.
Anyhow, this earnings stream is not the benefit stream. The earnings
that the rehabilitants would have had (had they not entered into rehabili-
tation), the before-rehabilitation earnings, must be subtracted from the
after-rehabilitation earnings -- part of whose calculation is shown -- to
get the total benefits assigned tothe rehabilitation program.

The current approach taken to estimate the benefits of nonpaid
work (including homemaking) relies on an analysis of the relationship
between the productivity of paid output and the productivity of nonpaid
output. The results of this analysis are then applied to the calculation
of paid output to get the amount of nonpaid output benefits. While this
approach is useful, further work is being done, as discussed in a sub-
sequent section, to estimate the benefits of nonpaid output in some other,

better ways.

I1.3. Numerical Results

To give an idea of the results obtained from a cost-benefit
analysis using actual program data with a model very similar to the one
discussed in this paper, the following numerical result is presented.
Using fiscal year 1969 data for the federal level, and a social discount
rate of 8%, an analysis of the vocational rehabilitation program produced

a cost-benefit ratio of 8.3.
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CHAPTER III

DATA

Most of the data needed to calculate a cost-benefit ratio or
net present value figure is available from an analysis of the R-300
forms. Additional information is available from follow-up studies of
rehabilitants -- studies to find out the subsequent earnings and labor
participation experience of rehabilitants after closure -- and from
other studies.

The data specifications for the present cost-benefit model are
contained in Appendix II. Note that the minimum necessary data require-
ments refer only to data normally available from analyses of R-300
forms, except for program costs. Program cost information should be
available from budget sources. Other types of refinements of the model
can be accomplished through the provision of additional data, as shown
in the Appendix.

Some of the parameters in the model, however, depend on infor-
mation from other studies. For example, some of the additional cost
components are expressed as proportions of the total program cost.

These proportions are presently gleaned from federal analyses, although
information from any source could be used. Another example is mortality;
the Railroad Retirement Board and private insurance and actuary com-

panies are the sources of mortality data.
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CHAPTER IV

NEW DIRECTIONS

The model presented herein is not a final product. Much more

work is being done on the cost-benefit analysis of vocational rehabili-

tation programs. Within the context of a social cost-benefit model,

new directions of analysis are being explored in the following areas:

l.

9.

lo'

valuation of homemaker and other nonpaid output

control group use in the estimation of benefits attributable
to the program

costs for disaggregated groups
earnings profiles

labor participation profiles
repeater, costs

changes in labor force participation and homemaking
activities of other family members

avoidance of loss of earnings
custodial, medical, and institutional costs

displacement of other job-holders due to rehabilitants
entering the labor market.

A revised cost-benefit model incorporating the above research

will be available for state agency use.

Also, models for estimating the payback period to the public

sector from rehabilitation program investments are being developed for

use by state and federal agencies.



APPENDIX I. MATHEMATICAL

In this appendix the formulas for
benefits of the vocational rehabilitation
understanding of the formulas, both notes

a glossary (in alphabetical order) of the

I.1. Formulas
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FORMULATION

the calculation of costs and
program are given. To aid the
on the individual formulas and

terms used are included.

Costs
DC = R - DRC - DRM + DRR + DRP + RRT + OF 1)
=R ~CDRC * R - CDRM * R + CDRR * R + CDRP + R + CRRT * R + OF  (2)
where,
10
OF = TIMREH . [W1Al + NPP - W2Al] + ERA + > P0P1j (3)
j=1
Benefits
DB = DOR (4)
= DER + DNPOR (5)
DER
where,
10
DER = Ez: DERV, (6)
=1
where,
DERV, = EARN, ° DIs2 YRSLIF2 =1,. .,10 (7)
where,
EARNl = [wml * ERC ° (PRODCl - TIMREH/5)] - [w1Al * ERA -

(PRODA., - TIMREH/5)] (8)

1l



EARNQ = [WlCz * ERC ° PRODCz - WlAz * ERA ° PRODAz]

2=2,...,10

222,...,10

2=1,...,10

2=2,." ’10

2=l,... ,lo

£=1,...,10

2=l,.Q. ,g

where,
Wic, = (N+1)-W1C1l + (10-N-1)-WICN
10
5%
Wic, = WICN - 1
5%
WA, = WAl . :E:: 1
5 k-1
k=584 (1+P)
where,
PRODC, = (M+1)+(10-M-1) - PRODCM
10
5% el
PRODC, = PRODCM . 23 (1+a)""
b=
k=584
52 kel
PRODA, = 1 . (1+8)""
viic >
k=52-4
vhere,
5%
1
pDIS, = 1 —ree
g :EZ: (1+1)<"L
k=52-4
vhere,
10
= P . » [5-(2.5°MORT,
YRSLIF, :E:. OPR’J [5-( 3)]
j:ﬂl
YRSLIF, ;= POPlO,lO . [2.5-(1.25-M0RT10)]
where,
POP, . = POP1,
i,3 j
POPy 5 = POPp 3 5.1 ° (l—MORTj_l)
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(9)

(10)

(11)

(12)

(13)

(1)

(15)

(16)

(17)

(18)

(19)

(20)



where,

DNPOR =

where,

DNPORV
where,

NEARNl

NEARNz

where,

W2C2

W2A2

%

DNPOR

10
DNPORV
& "

= NEARN, °* DIS, - YRSLIFQ 2=1,...,10

) L

NPP ’([WQCl'BRC'(PRODCl-TIMRBH/S)] -

[w2Al'ERA'(PRODAl-TIMREH/S)])

NPP - [WQCQ'ERC'PRODCQ-W2AQ'ERA'PRODA2] 2=2,...,10

5%
W2cl Z{: 1 2=1,...,10
5 k-1
5%
W2Al 1 2=1,...,10
5 E T

k=5%-4
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(21)

(22)

(23)

(24)

(25)

(26)
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I.2. Notes on Formulas

(2) all costs except R are expressed as a proportion of R
(4) model considers as benefits only changed output of rehabilitants
(8),(23) divide TIMREH by 5 since want average for 5 years
(10) N = 1,2,3,4; if data is for 5 years after closure, still N = U;

this equation simply allows a linear interpolation between W1Cl

and WICN to get an average; the decrease in labor participation in-

volved in WlCl includes both failure of the program and normal
attrition of labor force (besides death and retirement)
(11) the decrease in labor participation involved in chl includes only

normal attrition of the labor force

(13) M = 1,2,3,4; if data is for 5 years after closure, still M = 4; this

equation simply allows a linear interpolation between 1 and PRODCM

to get an average; the change in earnings reflected in PRODCl includes

both the effects of learning and normal productivity increases
(14) the change in earnings reflected in PRODCZ includes only normal
productivity increases

(17),(18) rehabilitants live 5 years in the time period, except in the

last age period, 60-64, where rehabilitants spend an average of 2.5

years before reaching 65, where earnings stop; however, rehabili-

tants dying in a period spend on the average only 2.5 years in the

period, except for the last period, where they spend only 1.25 years

(17),(20) the j index goes only from £ to 10 since, for example, in
the ninth 5-year period there are only those in ninth and tenth
age categories

(21) a method similar to the one for DNPOR can be used to estimate the

value of homemaker services separately
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I.3. Glossary for Formulas

A at acceptance; not a variable but used in variable names
C at closure; not a variable but used in variable names
CDRC ratio of DRC to R

CDRM ratio of DRM to R

CDRP ratio of DRP to R

CDRR ratio of DRR to R

CRRT ratio of RRT to R

D change in a quantity due to the program; not a variable

but used in variable names

DB total benefits ascribable to the program
DC incremental social costs of the program
DER total discounted present value of the increase in earnings

ascribable to the program

DERVQ discounted present value of the increase in earnings ascribable
to the program, in the f£th period

DISQ discounting factor in 2th period

DNPOR total discounted present value of the increase in nonpaid

output ascribable to the program

DNPORVZ discounted present value of the increase in nonpaid output
ascribable to the program, in the £th period

DOR increment of output due to rehabilitants, ascribable to the
program

DRC carry over costs

DRM maintenance costs

DRP costs borne by parties other than the rehabilitation agency

DRR repeater costs

EARNQ average increase in earnings, ascribable to the program, in

the %th period

ERA, average annual earnings at acceptance (at closure) of 26
ERC closures with earnings at acceptance (at closure)
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I social discount rate

3 subscript for 5-year age group, for example, j = 1 means
15-19, j = 10 means 60-64

k subscript for calculating the average of a quantity in a
5-year period

'3 subscript for 5-year periods into the future (years after
acceptance by S5-year time periods), for example, £ = 1 means
years 1-5; £ = 10 means years u46-50

M number of years after closure follow-up earnings data was
collected

MORTj mortality of jth age group

N number of years after closure follow-up labor participation

data was collected

NEARNQ average increage in nonpaid output, ascribable to the program,
in the #th period

NPP ratio of productivity of nonpaid output to paid output

or output foregone during the rehabilitation process

POPSL,j age structure of 26 closures in the #th period, in the

jth age group
POPlj age structure of 26 closures at acceptance, in the jth age group

PRODA , productivity factor to adjust for increase or decrease in
PRODC average earnings at acceptance (at closure), in the fth periocd

L

PRODCM productivity factor to adjust for increase or decrease in
average earnings at closure, M years after closure

R program costs

RRT vesearch, training, and demonstrations costs

TIMREH time spent in rehabilitation process without earnings, expressed
as a proportion of a year

WlAz proportion of 26 closures who would have had earnings in the
2th period, without the program

chg proportion of 26 closures with earnings in the th period

W1Al, proportion of 26 closures with earnings at acceptance (at

Wicl closure)



W1CN

W2A

wac

W2Al,
w2cl

YRSLIF
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proportion of 26 closures with earnings N years after closure

proportion of 26 closures who would have had nonpaid output
in the #th period, without the program

proportion of 26 closures with nonpaid output in the 2th period

proportion of 26 closures with nonpaid output at acceptance
(at closure)

man-years of life of surviving 26 closures below age 65 in
2th period

annual rate of change in the yearly earnings of 26 closures

annual rate of change in the yearly earnings of 26 closures,
without the program

annual rate of change in the labor participation of 26 closures

annual rate of change in the labor participation of 26
closures, without the program

annual rate of change in the proportion of 26 closures with
nonpaid output

annual rate of change in the proportion of 26 closures
with nonpaid output, without the program
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APPENDIX II. DATA SPECIFICATIONS

Minimum Necessary Data

1.

Age at acceptance, of 26 closures

Age group Number

15-19

20-24

25-29

30-34

35-39

LO-Lk

45-149

50-54

55-59

60-64
Number of 26 closures with paid earnings at acceptance
Number of 26 closures with paid earnings at closure
Average weekly earnings at acceptance, of 26 closures with
earnings at acceptance
Average weekly earnings at closure, of 26 closures with
earnings at closure
Program costs, i.e., expenditures under sections 2 and 3 of

the Vocational Rehabilitation Act, and from Social Security

Trust funds for the rehabilitation of Disability Beneficiaries.

Optional Data

A.

Data for valuing nonpaid output, if desire any valuation of
nonpaid output (supply data only for categories for which desire
valuation):

1. Number of 26 closures who were classified as homemakers

at acceptance; at closure
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Number of 26 closures who were classified as sheltered
workshop workers at acceptance; at closure
Number of 26 closures who were classified as nonpaid
workers (other than homemakers or sheltered workshop work-

ers) at acceptance; at closure

Data for Further Sharpening of the Calculations:

1.

Followup data on the number of 26 closures with earnings
some period after closure, i.e., number with earnings, and
the period of time after closure the data was collected
Followup data on the earnings of 26 closures some period
after closure, i.e., average weekly earnings, and the
period of time after closure the data was collected

Number of program repeaters, i.e., current 26 closures

who have received rehabilitation services and have been
closed in the 26 status previously

Average weekly earnings of female 26 closures with earnings
at closure (supply only if the valuation of homemaker
services is desired; however, this piece of data is optional
in the valuation of homemaker services, and homemaker ser-
vices can be valued without it)

Percentage of program costs that are used to provide

maintenance support to clients

Data for Calculation for Disaggregated Groups:

l.

Average case service costs for the program subpopulation
of interest

Total overhead costs for the program

Average case service costs per rehabilitant in the overall

program
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