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CHAPTER I

INTRODUCTION

Cl) Financial control; The control of subordinate
elements to insure that public funds are spent only for
those objects and purposes specified by law and that appro-

Observance of restrictionspriations are not exceeded.
imposed by statutes, adherence to the fund provided in
legislative appropriations acts and avoidance of corruption
are the basic objectives of financial control.

12) programming the use ofManagerial control;
resources to include manpower, minerals, transportation,
equipment, and the like to carry out an approved course of

Also included among theaction in an efficient manner.
typical activities of the management control function are
procurement regulations that minimize purchase costs, work
measurement programs designed to improve output per man
hour of labor and the introduction of equipment that reduces
labor costs.

1

A governmental budget has three distinguishable major 
roles ;1

1This three-fold classification was taken from 
Charles L. Schultze, The Politics and Economics of Public 
Spending, pp. 5-6.
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(3) Strategic planning; identifying and specifying
objectives, choosing among alternative programs to achieve
those objectives and allocating resources among alternative
programs to achieve those objectives. Strategic planning
involves the determination of the kind and level of activ
ities that managerial control seeks to carry out efficiently.

A budget may therefore be defined as a financial plan
that serves as a basis for expenditure decision-making and
control. To facilitate periodic (usually annual) decision
making on expenditures, the federal government and some
state and local governments have developed budget systems
which provide for systematic presentation or recommendations

The major function of the budget system is to facil
itate evaluation of proposals and to compare the relative
merits of various requests. The traditional method of
presenting material in budget documents has not made the
fulfillment of this task possible. There are three reasons

(1) the usual budget is organized on thefor this failures
basis of agencies without regard to the overlap and inter
dependency between agencies, (21 the budgets are organized

stress inputs without reference to the programs or outputsto

2John F. Due, Government Finance, p. 48.

for expenditures by the executive to the legislative branch 
2of government.
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produced with them, and (3) the typical traditional budget
fails to regard future commitments arising from the current
year's budget.

A suggested alternative approach is the replacement
of the traditional agency budget and emphasis on inputs with
a program budget. The program budget stresses the end
product, such as eliminating unemployment or improving
health, rather than inputs of materials and manpower.
Program budgeting stresses the relationship between various
output programs and the inputs required to produce them.
Alternate programs that will attain the same goals are

The program budgeting approach seeks to be allanalyzed.
inclusive, recognizing all contributions that the activity

Accompanying the introduction of program budgeting
has been the growing use of planning, programming and
budgeting systems (PPBS). These systems attempt to integrate
long-range planning of governmental activities and program
ming of specific activities with annual budgeting, making use
of the program budget structure, and a variety of quantita
tive techniques in the evaluation of proposals. Systems
analysis and cost-benefit techniques are used with
quantification of costs and benefits to aid in the selection

3Due, Government Finance, p. 59.

makes and all costs incurred, regardless of the organiza
tional structure.3



4

of the best alternatives. This approach seeks to assist in
defining the goals and in choosing among goals, in speci
fying alternative programs to attain the goals, in choosing
the best alternatives and subsequently in measuring perfor-

Planning is projected forward for several years withmance.

the specific budget for each year is developed. Programming
involves the presentation of the relationship of inputs and

Necessarily, these systems (PPBS) contain a consider
able amount of subjectivity. Answers to such questions as
MWill Congress pass bill X in the coming year?" or "Will the
executive branch continue to give strong support to health
programs for the next three years?" are subjective at best.

Therefore, the limitations and objections are in
part related to the basic weakness of the program budget.
In many fields, ultimate objectives are not clearly defin
able, and priority of goals cannot be determined except on

Even more fundamental, PPBSthe basis of value judgments.
cannot estimate benefits from various activities in the face

5E. !
Programming Budgeting, 
Miller, p. 308.

reconsideration of the overall plan at frequent intervals as

4Due, Government Finance, p. 60.
S. Quade, "Systems Analysis Techniques," Planning 

ed. by Fremont J. Lyden and Ernest G.

One of the criticisms of PPBS has been its inherent subjec
tivity.5

outputs, under various alternatives, to achieve the desired 
results.



5

Many of the
problems contain too many intangible (e.g., political,
psychological and social) considerations that cannot be
adequately taken into account in the analytical process,
especially in a quantitative sense. In other words, PPBS is
not capable of solving many of the basic issues determining
optimal government activities; it merely facilitates
decision-making.

Purpose and Scope
There is, however, a method whereby many of these

of the subjective decision-making required in PPBS. This
method is the Bayesian decision theory model. The purpose
of this study is to develop a general Bayesian model for
estimating unknowns in planning, programming and budgeting

Bayes' theorem is incorporated into thesystems (PPBS).
PPBS process to provide a method for estimating unknowns
that occur during the systematic budget re-evaluation pro
cedure .

A Bayesian decision theory model makes use of the
concepts of utility, personalistic (subjective) probability

subjective problems can be analyzed in an orderly, quanti
tative fashion, which can subsequently improve the quality

6Due, Government Finance, p. 61.

of future uncertainty—of particular importance in the 
fields of national defense and foreign policy.
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and Bayes' theorem for the revision of prior probabilities
or judgments. In the Bayesian model, the decision-maker's
notions of the probabilities of the relevant events and the
desirability of the possible consequences are represented by
sets of numbers combined to compute an expected value for
each of the acts under consideration. The Bayesian principle
for decision-making is then to perform an act which has max-

The fiscal policy approach, the welfare economics approach,
the systems approach, and the systematic approach. This
study focuses on the systems approach, except for a brief
description of the other three approaches. Within the sys
tems approach, the primary method of analysis is cost-benefit
analysis (.sometimes called cost-utility analysis, operations
research, etc.).

Cost-benefit analysis embodies two types of uncer-
(1) uncertainty about the state of the world in thetainty:

future and (2) statistical uncertainty (hereafter referred to
Type 2 uncertainty can be

mentj 
pp. 130-140.

as type 1 and type 2 uncertainty).

gThere are four generally accepted approaches to PPBSs

imum expected value (an act rather than the act, since two 
or more of the acts may have the same maximum expected 
value).7

7R. C. Jeffrey, The Logic of Decision, p. 1. 
g Donald Ray Escarraz, "PPBS and the National Govern- 
A1ternative Approaches," National Tax Journal,
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predicted using classical statistical techniques (implying

Current writers in the field of PPBS have
suggested such methods as sensitivity analysis, contingency
analysis and a fortiori analysis to account for type 1
uncertainty. This study is directed towards building a
general Bayesian model for treating the first type of un-

Cost-benefit analysis is explained in morecertainty.
detail in chapter three.

Limitations
In any study of a concept such as PPBS, a brief

background presentation must inevitably fail to cover the
There is always the problem of what emphasisentire field.

is to be placed on the mass of material contesting for
The student interested in an in-depth backgroundattention.

on PPBS should consult the books, periodicals and documents
listed in the bibliography.

This study is limited to a presentation of a general
Bayesian model for estimating uncertainty in PPBS. This
study is not concerned with specific applications except for
illustrative purposes.
cerned with fitting Bayes’ theorem for revising prior prob
abilities into cost-benefit analysis in PPBS.

The model considers only tangible unknowns. It has
not been built with the intent of predicting unknowns that

Further, the model is primarily con-

a lack of subjectivity} such as regression analysis, Monte
Carlo, etc..
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cannot be measured at some point in time such, as the social
value of governmental welfare programs. Also, the study
only deals with type 1 uncertainty, as indicated in the
previous section.

Finally, the examples and background of PPBS have
been directed towards the federal government. This does not
mean that the concepts presented herein apply only to the
federal decision-maker. The contrary is true. The concepts
within PPBS and this study apply equally as well to state
and local governments. Since the majority of the literature
available on PPBS has been written with the federal govern
ment in mind, the "federal route" was taken. Only recently
have publications begun to appear that are concerned with
state and local applications.

Format
This study is divided into six chapters. Chapter two

presents a background on planning, programming and budgeting
This chapter further explains the naturesystems (PPBS).

and procedures within PPBS.
In chapter three, cost-benefit analysis is discussed

in detail and a general model of the PPBS process is con
structed to indicate how and where statistics fits into
PPBS.
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Subjective probability is covered in chapter four,
along with Bayes’ theorem and its use to revise prior
probabilities,

The general model for utilization of Bayes' theorem
in estimating unknowns in PPBS is presented in chapter five.
The general model presented in chapter three is altered to
include the use of Bayes' theorem and subjective probabili
ties for estimating unknowns in PPBS.

Chapter six contains the conclusions.



CHAPTER II

THE BACKGROUND AND CHARACTERISTICS
OF PPBS

The purpose of this chapter is to briefly trace the
development of PPBS from its foundations in the development
of early budgetary reform to the present widespread attempt
to integrate the concept into all levels of government.
Also, PPBS is defined in detail and several approaches to
the process are highlighted.

Governments, like firms and consumers, have limited
resources in relation to their requirements for goods and

Consequently, governments inevitably must makeservices.
difficult choices in allocating resources. One of the
"machines" providing assistance in the allocation process

Periodically, improvements on the machinery

The federal budgetary system has been molded by the
nature of governmental and political institutions. The

10

^■William Gorham, "Sharpening the Knife that Cuts the 
Public Pie," Public Administration Review, p. 236.

Highlights of Early Budgetary 
Development

is the budget.
are made.1
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working relationships between branches of government and
between the agencies of each branch have been and continue
to be complex, subtle and in a state of continuous change—

The following paragraphs present
some of the highlights of early budgetary development.

In 1789, the first Secretary of the Treasury,
Alexander Hamilton, affirmed and successfully established

Hamilton's proposals on revenues, banking and thefinance.
assumption of prior debts of both national and state govern
ments were manifestations of his philosophy that federal
fiscal policies should be oriented towards improving economic

Hamilton's successors, however, and the Presidentsgrowth.

Congress soon became unhappy with the Hamiltonian
Partly because of lack of attention by theapproach.

executive branch, the legislative branch assumed the respon
sibility for all facets of fiscal policy. Initially Congress

small that cohesive action was possible. Estimates of

a strong executive leadership position in the area of public

was so

2Committee for Economic Development, a statement of 
the Research and Policy Committee, Budgeting for National 
Objectives, p. 16.

3See Charles L. Schultze, The Politics and Economics 
of Public Spending, p. 7 and Committee for Economic Develop- 
ment, National Objectives, p. 16.

they served failed to follow his theory of executive respon
sibility for financial planning.3

conditioned by partisan politics, social forces, personal-
2 ities and public opinion.
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expenditures were first considered in the Committee of the
Whole but were later transferred to the Committee on Ways
and Means. Expenditure proposals continued to be subdivided
among committees until in 1885, appropriations bills were
handled by no less than twenty-nine committees, each dealing
directly with the administrative departments.
branch played only a minor role in the budgetary process.

By the turn of the twentieth century there was an
obvious need for federal financial reform.
was the only major country without a budgetary system.
Several actions contributed to the eventual breakthrough in
federal budgeting. In 1907, the New York Bureau of Munici

classification by function, classification
by work programs and classification by objects of expenditure.
This presented a considerably advanced theory of budgeting.
It recognized the three different functions of budgeting--
control, management and planning. In 1912, President Taft's

The United States
5

The executive
4

Commission on Efficiency and Economy presented a farsighted 
federal budget proposal. The Commission declared:

Budgeting Systems," Schultze, Public 
,  r  ‘ , "The Road to PPB; The Stages

budgetary Reform," Planning Programming Budgeting, ed. by

4Committee for Economic Development, National Objec
tives, p. 17.

5Eugene B. Crowe and Delmas D. Ray, "Planning- 
Programming-Budgeting Systems," Economic Leaflets.

6Crowe and Ray, "
Spending, p. 9, Allen Schick, 
of r \ _ _■ ~~ _____________
Fremont J, Lyden and Ernest G. Miller, p. 27.

pal Research recommended a threefold set of budgetary 
classifications:$
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As a result of their study, the Commission recommended that
the budget be comprehensive and prepared and presented by
the executive branch (an executive budget). The commission
also recommended that the budget be presented in terms of
programs or functions and that a systematic review of the

be initiated.budget These recommendations
were along the lines of the proposals of the New York Bureau
of Municipal Research.
budgeting reform until the Budget and Accounting Act of 1921

"after the fact"

Congress, however, failed to act on

7Arthur Smithies, "Conceptual Framework for the Pro
gram Budget," Program Budgeting, 2nd ed., ed. by David 
Novick, p. 30.

The best that a budget can do for the 
legislator is to enable him to have expert 
advice in thinking about policies to be 
determined. His review of the economy and 
efficiency with which work has been done 
should be based on facts set forth in the 
annual reports of expenditures which would 
supplement the budget.

To the administrator li.e., the head of an 
executive department] the advantage to be gained 
through a budget is the ability to present to 
the legislature and the people, through the 
Chief Executive or someone representing the 
administration, a well-defined, carefully con
sidered, lucidly expressed welfare program to 
be financed, and in presenting this, to support 
requests for appropriation with such concrete 
data as are necessary to the intelligent consid
eration of such a program.

To the Executive li.e., the President] the 
advantage to be gained lies in his ability to 
bring together the facts and opinions necessary 
to the clear formulation of proposals for which 
he is willing actively to work as the responsi
ble officer. To the people the advantage is the 
fact that they are taken into the confidence of 
their official agents. Therein lie the practical 
use and purpose of the budget.'
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Thia act established the first federal executivewas passed.

budget since Hamilton’s. The Bureau of the Budget was
established in the Treasury Department. The Bureau was
charged with the responsibility of preparing an annual
financial statement and investigating the operation and
organization of government with a view towards efficiency
and economy. The Budget and Accounting Act of 1921 requires

integrated program for each fiscal year and to submit this
program to Congress.

Initially, the Bureau of the Budget was primarily
It was concerned more with the "listing"a agency.

or presentation of data than with research into problem
areas.

As federal expenditures increased
during the 1930's, so did the role of the Budget Bureau,
culminating in its transfer in 1939 from the Treasury

of budgetary reform was initiated in that year, for a new

the President to formulate all budget estimates into an

"listing"

However, it did promote some studies in the area of 
economy and efficiency.8

g
David Novick, Efficiency and Economy in Government 

Through New Budgeting and Accounting Procedures, pp. 94-95.
QLargely due to the Report of the President's 

Committee on Administrative Management (the Brownlow 
Committee, appointed in 1937).

In a sense, a new era
Department to an independent position in the newly created 

9 Executive Office of the President.
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budgeting procedure was developed during World War II--
program budgeting.

Program budgeting in the federal government had its

duction Board in the early 1940's. David Novick played a
major role in formulating the Controlled Material Plan and
has continued to advance the concept of program budgeting
during subsequent years. Isolated attempts at program

11budgeting within industry can, however, be traced to 1924.
Despite continuing criticism that governmental

budgets were input oriented, the typical budget remained an
object-of-expenditure document within an organizational
framework until the end of World War II. The main concern
was with expenditure control based upon an accounting

In 1949, the first Hoover Commission recommended that
the objective-of-expenditure budget be replaced with a

The Emergence of the 
Program Budget

beginning in the Controlled Material Plan of the War Pro-
10

object-of-expenditure classification—material and supplies, 
personal services, contractural services, and so forth.^2

10Werner Z. Hirsch, "Toward Federal Program Budgeting," 
Public Administration Review, p. 259.

11General Motors, in 1924, had a financial plan which 
identified major objectives, defined programs to meet these 
goals and identified resources to the specific objectives. 
See David Novick, "The Origin and History of Program Budget
ing," Program Budgeting, 2nd ed., ed. by David Novick, 
PP. xxv-xxvi.

12Crowe and Ray, "Budgeting Systems."
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"performance budget," an interesting and early forerunner of
the program budget. The recommendations of the Concluding
Report of the Commission are partially summarized as
follows s

During the next few years, performance budgeting was
instituted in several federal activities, one being the

Performance budgeting was a majorDepartment of Defense.
issue in the 1949 controversy over the proper organization
of the Department of Defense. As a result of the contro
versy, a section in the National Security Act Amendments of

'Harold A. Hovey, The Planning-Programming-Budgeting13> - - 
Approach to Government Decision-Making, pp. 77-78; thia 
recommendation is almost identical inscope and context to 
the current justifications of program budgeting in the ppbs 
context.

In our report on budgeting and accounting we 
support far-reaching changes in these areas. 
In order to produce a budget plan which will 
be a more understandable and useful instru
ment, both to the President and to Congress, 
we recommend that the budget documents be 
completely recast along the lines of work 
programs and functions. Such a document 
which we designate as a "performance budget" 
would analyze the work of Government depart
ments and agencies according to their major 
functions, activities, or projects. It would 
thus concentrate attention on the work to be 
done or service to be rendered rather than on 
things to be acquired such as personal services, 
contractual services, supplies, materials and 
equipment. A performance budget, moreover, 
would facilitate congressional and executive 
control by clearly showing the scope and 
magnitude of each Federal activity. It could 
also show the relationships between the volume 
of work to be done and the cost of the work, 
a measurement which cannot be made under the 
present system.13
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1949 provided for performance budgeting in the Defense

The critical part of the section stateds "TheDepartment.
budget estimates of the Department of Defense shall be
prepared, presented and justified, where practicable, and
authorized programs shall be administered . . . so as to

budgeting and accounting considered the first commission's
recommendation for
the basic concept was sound. The second commission rec
ommended, however, that the conceptual difference between
the review of proposed new programs and that of performance
of previously authorized activities be emphasized by
renaming the performance budget concept "program budgeting"

As a result of the recommendations of the two Hoover
Commissions, several federal agencies, such as the National
Park Service of the Department of Interior, developed their

A major adoption did notown versions of program budgeting.

"performance budgeting" and agreed that

14Hovey, Planning-Programming-Budgeting, p. 79.
15Ibid., p. 80.

In 1955, the second Hoover Commission's task force on

come, however, until the 1960's when program budgeting became 
an integral part of planning, programming and budgeting 
systems. An example of a hypothetical program budget is 
presented in Table 1.

account for, and report, the cost of performance of readily 
identifiable functional programs and activities.

(which was also the title of a Rand publication edited by 
David Novick and published in the same year, 1955),15
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TABLE 1

Totalt $101,383
I. MAINTENANCE OF NATIONAL SECURITY $ 63,908

A.

B. 1,150
C. 2,735
D.

E. 380
F.

HYPOTHETICAL FEDERAL PROGRAM BUDGET, 
FISCAL YEAR 1965

1,756
18,523
1,425
2,043
5,487

14,785
1,613

560
90

1,900
280 
390 
130

50,962
5,330

4,940
1,590

3,741
494

3,247

U.S. Military Forces2
Strategic retaliatory forces 
Continental air and missile 
defense forces

General purpose forces
Airlift and sealift forces
Reserve and National Guard forces
Research and Development
General support
Others3

Scientific International Competition— 
Non-military Space Exploration 
Manned space flight 
Scientific investigation and 

exploration
Civilian applications 
Space launch capability 
Flight mission support 
Advanced R&D 
General support

Military Forces of Friendly Nations 
Atomic Energy Development^
Foreign Non-military ActivitiesForeign relations3 

Economic assistance"
Domestic Non-military Activities7

CMillions of Dollars)1
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TABLE 1—-Continued

II, $LAW AND ORDER 815

Judicial Functions®G. 139
H. 676

III. SOCIAL DEVELOPMENT AND WELFARE $ 16,487
I.

145

J.

K.

128
L. - 41

616
60

355
733

40
37

5,142
1,364
2,713

901
36

8,695
1,656
3,821
1,152
1,636

348
46
36

2,691
1,380

Education
Primary and secondary education
Higher education
Adult education
Library servicesResearch19
International education

20Housing and Community Development

Public Safety
Crime prevention, detection and 

protection9
Custody and rehabilitation

HealthProvision of health services10
Improvement in quality and organ

ization of community services11 
Research11
Health protection and disease 

prevention11
Environmental health protection and control14
General support15

Welfare16
Farmers
Veterans1'
Family and children services18
Aged
Blind and disabled
Other
Training and research
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TABLE 1—Continued
$ 6,831IV. ECONOMIC DEVELOPMENT

M.

2,431N.

407
Business Aid and Incentives 1,2730.

191P.
$ 13,342V. GENERAL GOVERNMENT OPERATIONS

Executive Office of the President 14Q.
Legislative Functions 120R.

S.

T.

Source;

Central Fiscal Management 
Interest on the Public Debt 
Tax and Customs Collection 
Minting and Engraving 
Other fiscal management

Natural Resources
Land resources 
Water resources 
Forest resources 
Recreational resources 
Non-oceanic fish and wildlife 
Oceanic resources2!
Mineral resources 
Air resources

1,416
212
100
296

11,940
11,000

805
25

110

2,936 
660 

1,562 
339 
138 
73 
34

111 
19

1,268 
475 
578 
50 
47 
30 
88

22Transportation Facilities 
General intercity domestic 
development

Improvement of rural access 
Urban commutation 
Defense-standby
National prestige and trade 

promotion

Controls and Regulations23

W. Z. Hirsch, "Toward Federal Program 
Budgeting," pp. 10-15.

HousekeepingMail2’
General Services Administration
Central Personnel Management
General Accounting Office
Printing25
District of Columbia
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TABLE 1—Continued
^Dollar figures are expenditures in most cases; the 

divergence of the $101 billion total for this program budget 
from the $98 billion expenditure total of the Federal budget 
for 1965 is due to the occasional use of obligational 
authority figures to secure better detail; for example, data 
for the Department of Defense are total obligational author
ity or program costs which exceed budgeted expenditures by 
$1.2 billion; welfare data are new obligational authority 
which exceed expenditures by $219 million. Detail may not 
add to totals due to rounding.

^Taken in the main from the statement of Secretary 
of Defense Robert S. McNamara before the House Armed 
Services Committee on the Fiscal Year 1965-69 Defense 
Program and the 1965 Defense Budget, January 27, 1964.

^includes retirement pay, undistributed items, and 
Selective Service System recruiting efforts, the latter as 
reported in the Federal budget.

^About one-third of this amount can be related to 
peaceful applications of atomic energy.

5Includes $322 million from the Department of State 
and $172 million from the United States Information Agency.

6Includes Agency for International Development 
($2,040 million), Peace Corps ($82 million), Food for Peace 
($1,920 million), International Development Association 
($62 million), and Export-Import Bank (-$856 million).

7Includes the services of the Arms Control and 
Disarmament Agency ($9 million), civil defense in DOD 
($358 million), and the Office of Emergency Planning 
($12.5 million).

8Includes functions of the Judiciary ($72 million), 
preparation and presentation of cases by the Department of 
Justice ($64 million), the Tax Court ($2 million), and the 
Civil Rights Commission ($1 million).

^Includes activities of the FBI ($149 million), the 
Immigration and Naturalization Service ($71 million), the 
Coast Guard ($380 million), the Secret Service ($10 million), 
and the Bureau of Narcotics ($6 million).
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TABLE 1—Continued

°Includes Public Health Service (PHS) ($160 million), 
St. Elizabeth’s Hospital (.$13 million), American Printing 
House for the Blind C$1 million), Freedmen's Hospital 
($4 million) , Vocational Rehabilitation Administration (VRA) 
($92 million), and Veterans Administration (VA) ($1,110 
million).

11lncludes PHS ($253 million), VRA ($15 million), 
and VA ($87 million). Education activities of the National 
Institutes of Health C$214 million) would bring this total 
to $569 million.

■‘■^includes PHS ($672 million) , Food and Drug Admin
istration (FDA) C$8 million), VRA C$18 million), and VA 
($36 million).

13Includes PHS ($46 million), FDA ($35 million), 
and Department of Agriculture inspections ($64 million).

^Environmental Health activities of PHS included 
in Natural Resources C$124 million) would bring this total 
to $165 million.

15National Library of Medicine ($3 million), 
included in Education, would raise this total to $40 million.

I6Excludes social security payments, unemployment 
insurance, and retirement benefits for railroad workers and 
Federal civilian and military personnel. Data for the 
welfare program are chiefly obligations.

■‘•^Excludes $1.1 billion of health services found in 
the health program.

18Includes public assistance in the form of maternal 
and child welfare grants by the Children's Bureau.

19Research in educational institutions and research 
centers of $1,227 million is included in other programs.

2 0 Includes activities of the Housing and Home 
Finance Agency C$49 million), the Area Redevelopment Agency 
($130 million), the rural housing and development activities 
of the Department of Agriculture ($129 million) , and the 
Federal Home Loan Bank Board C-$349 million).

21The National Oceanographic Program, involving 
$138 million in obligations, is not included here, but is 
included in other programs such as Military Research.
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TABLE 1—-Continued

The Evolution of PPBS
During the 1950's, the Rand Corporation did a con

siderable amount of research in the area of budgeting,
generally under the auspices of the Department of Defense.

program budget to be applied to the Air Force. Although
not stated as such, this document recommended a planning,
programming, and budgeting system.

The Air Force unenthusiastically accepted this
document and as a result the concept was "discussed" for

■^Novick., Accounting Procedures.

As a result, in 1953, a Rand publication proposed the first
16

22Excludes highway construction, trust funds, 
military airlift and sealift, national forest roads, and 
Coast Guard activities. When these items are included 
Transportation Facilities total $7.6 billion, General 
Intercity Domestic Development ($3.8 billion). Improvement 
of Rural Areas C$0.6 billion), Urban Commutation ($0.8 
billion), Defense-Standby ($1.7 billion), and National 
Prestige and Trade Promotion ($0.7 billion).

23Controls and regulations include activities of the 
National Bureau of Standards, Patent Office, National Labor 
Relations Board, Federal Mediation Service, National 
Mediation Board, Wage and Labor Standards, Labor-Management 
Relations, Federal Trade Commission, Securities and 
Exchange Commission, and Commodity Exchange Authority.

^Difference between the Post Office's expenditures 
and receipts.

2 S Difference between the Government Printing Office's 
expenditures and receipts.



24
Although the Air Force did not readilyseveral years.

accept the idea, they did not hinder Rand's efforts to
further develop the concept.

which was brought to the attention of persons in the incom
ing Kennedy administration. They agreed that the new

With the appointment of Mr. MacNamara in 1961 as the
Secretary of Defense, a new era of governmental budgeting

Secretary MacNamara, through his comptroller,began.
Corporation), initiatedCharles Hitch (formerly of the Rand

planning, programming and budgeting systems within the
This was the first major breakthroughDepartment of Defense,

for PPBS.
President Johnson was so impressed with the use of

planning, programming and budgeting systems within the
Department of Defense, that in August 1965 he directed that
all federal agencies adopt the PPBS procedure in their

In his news conference of August 25, 1965,budget requests.
President Johnson stated:

mers.
17David Novick, New Tools for Planners and Program-

This resulted, in 1960, in a 
new doc umen~t—New Tools for Planners and Programmers^ ? - -

concept had merit and perhaps could improve current tech- 
18 niques, especially in the Department of Defense.

18 David Novick and Daniel J. Alesch, "Program 
Budgetings Its Underlying Systems Concepts and International 
Dissemination," report P-4462, Rand Corporation, Santa 
Monica, Calif,, 1970, p. 15.
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Since 1965, PPBS has received widespread attention.

Interest has also been ex
pressed by foreign countries.

PP.

At least twenty-eight states, twenty cities and eight
20 counties have acted on PPBS.

19Novick and Alesch, "International Dissemination," 
11-12.

20Ibid., pp. 18-19.

This morning I have just concluded a 
breakfast meeting with the Cabinet and with 
the heads of federal agencies. I am asking 
each of them to immediately begin to intro
duce a very new and very revolutionary system 
of planning and programming and budgeting 
throughout the vast federal government, so 
that through the tools of modern management 
the full promise of a finer life can be 
brought to every American at the lowest 
possible cost.

Under this new system each Cabinet and 
agency head will set up a very special staff 
of experts who, using the most modern methods 
of program analysis, will define the goals of 
their department for the coming year. And 
once these goals are established this system 
will permit us to find the most effective and 
least costly alternative to achieving American 
goals.

This program is designed to achieve three 
major objectives* It will help us find new ways 
to do jobs faster, to do jobs better and to do 
jobs less expensively. It will insure a much 
sounder judgment through more accurate infor
mation, pinpointing those things that we ought 
to do more, spotlighting those things we ought 
to do less. It will make our decision-making 
process as up to date, I think, as our space
exploring programs. . . .

So this new system will identify our national 
goals with precision and will do it on a con
tinuing basis. It will enable us to fulfill 
the needs of the1American people with a minimum 
amount of waste. ’
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PPBS further Defined
Planning, programming and budgeting systems have been

described in a variety of ways.

The planning element in PPBS refers to problem iden
tification, issue analysis, the defining of objectives,
posing alternative means for getting from "where we are to

and evaluating alternatives in terms
of resource requirements, effectiveness, probable conse-

This part of PPBS reliesquences and inter-relationships.
on a network of indicators to describe the current state of

Here is where major choices are madevarious systems.
about the issues to be addressed and the procedures to be
used to institute the changes desired within the systems.

It includesPlanning does not cease when goals are defined.

More detailed planning and feasibility testing is
It is a processthe programming portion.required in

whereby individual programs are scheduled and available
allocated to these programs over a period of

Programming involves decision-making on priorities,time.

PP.

where we want to be,"

resources are

the development of an "action-oriented" plan for attaining
22these goals.

21See Novick and Alesch, "International Dissemination," 
8-10.

22Ibid.

One of the better methods
21 is to describe PPBS in terms of its major components.
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on relative emphasis among programs, on program inter

specific time periods.
Within PPBS, budgeting means rendering firm decisions

as to how resources are to be allocated for the first year
of a multi-year program. Resource requirements are expressed
in terms of programs rather than by the traditional line
items. Budgeting, therefore, is transformed from simply
expressing expenditures as inputs to an administrative
system, to expressing a framework of outputs or products
that the budget is intended to produce. The budget, when
placed in program terms, is a means of translating resource
inputs to the administrative system into terms expressing

mental problem areas.
Program budgeting can be viewed as a set of concepts

When program budgeting is integrated intoand approaches.
a government's policymaking system it becomes a planning,
programming and budgeting system. When a government adopts
the concepts of program budgeting as
procedures by which they make decisions on the allocation
of public resources, the "system" designator is added.

relationships and on the availability of resources in
23

a part of its regular

what will be accomplished in social, economic and environ- 
24

23Ibid.
24Ibid.
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First, PPBS requires careful identification and examination
of goals and objectives in each major area of governmental
activity. Government agencies are forced to step back and
reflect on the fundamental aims of their current programs.
The second task of PPBS is to analyze the program outputs
in terms of their objectives. The third task is to measure
the total program costs for the current year and for several

A fourth and closely related goal of PPBS isfuture years.
the formulation and extension of objectives and programs
beyond the single year of the annual budget submission. The
fifth and probably the most important goal of PPBS is the
analysis of alternatives to find the most effective methods
of reaching basic program objectives, and to achieve these

The sixth and final goal ofobjectives at minimum costs.
PPBS is to establish as a systematic part of budget review
the analytic procedures outlined in the first five goals.

Approaches to PPBS
There are as many approaches or ideas as to the

nature of the planning, programming and budgeting system as
there are individuals who have supported or opposed its

This section is devoted to a brief explanation ofadoption.

25Schultze, Public Spending, pp. 19-23.

25There are six major goals or tasks within PPBS.



29

the fiscalmore generally accepted approaches:the four

Fiscal Policy Approach
The fiscal policy approach has its foundations in the

macroeconomic theory that fiscal policy issues of high
employment, price stability and economic growth are prepon-

This approach incorporates PPBS as a means ofderent.
improving fiscal policy implementation by establishing a
tool to account for resource allocation. In this sense,
PPBS is used in government to provide a method for fixing
priorities of programs so that decision-making concerning
the establishment of fiscal policy can be improved. For
example, if fiscal policy dictates more spending, then high
priority programs can be stepped up and if fiscal policy
requires less spending, low priority programs can be cut
back.

PPBS is used only to determine the allocation of
resources among programs with an externally determined total

Under this approach, PPBS isto be spent for resources.
The Council of Economicviewed as a tool of the President.

Advisors serves the President by making studies and furnish-
The Bureau of the Budget (Office ofing policy advice.

This section is based on the concepts brought forth 
I a 'vvn in H i c ari-irlb MPPR£ _____ n-PPBS and the National 

National Tax Journal.

26,. . 
by Donald Ray Escarraz in his article 
Government: Alternative Approaches,"

policy approach, the welfare economics approach, the systems 
26approach and the systematic approach.
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Management and Budgetingl serves the President by eval
uating PPBS program analyses and advising him on other
allocative problems. PPBS can be used at other levels, but
under this approach its primary function is that of assist-

Welfare Economics Approach
The theory that the economic role of government is

to bring about an optimum allocation of resources in the
total economy is the basis of the welfare economics approach.
"PPBS is seen as a means of obtaining a better allocation of
resources between the private and public sectors of the

Therefore, under this approach, the total ofeconomy.
government expenditures should be determined within the PPB
system and not external to it. Employment, price stability
and economic growth provide benefits to society and therefore

With this approach, all levels of government,
including Congress, must use the system to assure proper
allocation of resources.

Systems Approach

131.

The systems approach to PPBS has its basis in the 
theory that PPBS provides a better method of making decisions

27Ibid., p.
28Ibid., p. 133.

simply constitute a part of the program analysis necessary
2 8for PPBS."

ing the President, since it supports fiscal policy decisions 
27that are made in the Office of the President.
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significantly affecting the allocation of resources among

objectives. This approach, therefore, is very similar to
the fiscal policy approach. Since there is no externally
determined total of government spending, this approach is in
another sense similar to the welfare economics approach.

A major difference between the systems approach and
the fiscal policy and welfare economics approaches is that
in the systems approach PPBS is considered to be internal to

PPBS is viewed as athe executive branch of the government.

national goals as interpreted by the agency.
"The centralization resulting under this approach is

within the present agency structure. Program analyses are
to be conducted in order to make decisions on problems which

the agency budget request."
One of the most recognizable differences between

this approach and the previous two is terminology and place-
The systems approach stresses objectives,

135.P.

1966, pp. 6-8.

29Ibid.,
30Ibid.
31E. S. Quade, "Systems Analysis Techniques for 

Planning-Programming-Budgeting," report P-3322, Rand Cor
poration, Santa Monica, Calif., 1966, pp. 6-8.

tool of agency heads which is used to help in accomplishing
29

the agency headquarters level deems desirable and to justify
30

ment of emphasis.

alternatives, costs, models, and analysis (sometimes called 

criterion) , whereas the other two stress, primarily, 

marginal and opportunity cost analysis.
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Systematic Approach
The idea that PPBS provides a better means for making

operational decisions is the basis of the systematic approach.

Under this approach,
many of the aspects emphasized by the welfare economics
approach, the fiscal policy approach and the systems approach

An appropriate program structure cannot be determined
under this approach. Any program structure is sufficient

long as there is an indication that the agency hasas
systematically classified its activities. This may result
in the agency program being biased towards problems rather
than towards agency goals.

As Donald Kay Escarraz has stated: "The key to the
systematic approach is the use of program analysis to solve

It isoperating problems at all levels of the agency.
therefore consistent with both of the economic approaches
and the systems approach to the extent that these approaches
make use of program analysis to improve operating efficiency.

Generally, the program analysisof managerial economics.

P. 137.
138.P.

The techniques used in PPBS are considered to be more appro
priately used at the operating level.

Economic concepts are important but generally in the context 
*33

3 2Escarraz, "Alternative Approaches,"
33Ibid

are seen as just a means for generating support for the use 
of analytical techniques in the management of government.
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utilized in a more restricted sense.

Summary
These four approaches to PPBS are indicators of the

The approaches "presentdiverseness of views towards PPBS.
alternative views of PPBS which an individual at any level

This study, however, is
directed towards the systems approach and its allied ana
lytical technique—cost-benefit analysis. The systems
approach and cost-benefit analysis are further investigated
in the next chapter.

130.P.

of the systematic approach may not differ greatly from that 
utilized under the other approaches, but it would be

34Ibid.,

of government might see when he attempts to look at his 
individual place in the system."34



CHAPTER III

STATISTICS, COST-BENEFIT ANALYSIS AND THE
SYSTEMS APPROACH TO PPBS

As may be inferred from the highlights in the pre
ceding chapters, the systems approach to PPBS involves
several important aspects. The most important ones can be
grouped under three major headings* the structural phase,
the analytical phase and the administrative phase (reporting

The latter phase is required to support the

The structural phase of PPBS is concerned with
arranging cost data in terms of programs and subprograms
that can be oriented to specific outputs and goals, which
can be expressed, at least in part, in quantified terms.
Also, programs are clearly delineated, with minimum over
lapping and interaction with other programs. Components that

Programs and sub-are in close competition are grouped.

programs are broken down into operationally useful building

blocks (manpower, material, equipment) which can be combined

34

and control). 
first two.l

1See Werner Z. Hirsch, "Toward Federal Program 
Budgeting," Public Administration Review, pp. 260-262.
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to yield various alternative subprograms. Expenditure and
obligational authority information, as well as social cost
information where possible, is presented. Emphasis is

These orientations ofplaced on an extended time horizon.
the structural phase of PPBS are clearly different from the
traditional organization of budgeting data which rarely
offers a profile of the future expenditures linked to
current program decisions.

The analytical phase involves the use of analytical
tools in systematically examining alternative courses of
action in terms of costs and benefits "with a view to

Obviously, cost-benefit analysis, a tool that uses expendi
ture information appearing in the program budget, plus
additional information (indirect costs, benefits, spill
overs) , is an example of an appropriate analytical tool.
The analysis within the analytical phase also includes
considerations of various uncertainties and their implica-

ing the structural and analytical phase. This phase is
concerned with progress reporting and control. In addition

2

tions for planning and budgeting.
The administrative phase is directed towards support

clarifying the relevant choices (and their implications)
2 open to the decision-makers in a certain problem area."

Gene H. Fisher, "The Role of Cost-Utility Analysis 
in Program Budgeting," Planning Programming Budgeting, ed. 
by Fremont J. Lyden and Ernest G. Miller, p. 181.
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to devising a program budget and using available analytical
tools to help the decision-maker arrive at a decision,
means must also be available to administer and revise
budgetary decisions already made. This is the function of
the administrative phase. Progress reporting and control
serves as a basis for the structural and analytical phases.

This study is concerned primarily with the analytical
phase of PPBS. Numerous analytical techniques may be used
within this phase to support the total PPBS process. This
study focuses on one of them: Cost-benefit analysis. Prior
to discussing this topic, however, some of the other ana
lytical methods should be noted.

Alternate Analytical Tools
The types of analytical problems encountered in the

PPBS process are varied, ranging from those inherent to the
allocative process on one extreme to those of progress

The allocative processreporting and control on the other.
is plagued with problems such as deciding whether more
resources should be allocated to the national health programs
or to housing and community development programs. Theoreti
cally, this is a simple microeconomic problem easily resolved

Given an efficiency criterion.through marginal analysis.
the decision-maker should allocate resources between the two
programs until the net marginal returns from the last dollar

Unfortunately, application of marginalexpended are equal.
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analysis is not readily feasible. Currently, no method

exists whereby these marginal returns can be effectively

measured quantitatively.

The primary problems associated with progress report
ing and control are keeping abreast of programs where major
decisions have been made, diagnosing problems as new programs
are implemented, and initiating corrective measures through
an information system (feedback mechanism) when a program
appears to possess characteristics that may become uncon
trollable in the future. Numerous analytical techniques
can be used to deal with these types of problems; network
analysis, program evaluation and review techniques (PERT)
and linear programming.

There is a wide gap between the two extremes
presented in the two previous paragraphs, which obviously
allows a variety of analytical techniques to be used. In
general, these techniques are concerned with problems that
fall short of broad optimization, that is, where the range
of alternatives is narrow or perhaps unofficially narrowly

These techniques can, however, be used toprescribed.
improve the intuition and judgment of the decision-maker

183.

This method requires an extensive 

reliance on judgment and intuition.

•^Ibid., p.
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concerned with, broad allocative problems. In instances
where a wide range of alternate future courses of action

main topic of this chapter, is a good analytical tool.
In some instances, the techniques previously mentioned

macroeconomic models. This is especially true when the
indirect economic consequences (commonly referred to as
spillover effects) must be accounted for. For example, in
the case of selected national security and space decisions,
especially at the higher levels of decision-making, possible
regional or industrial sector economic impacts associated
with alternative weapon system development and procurement
choices must be considered.

Cost-Benefit Analysis
Analysis of the utility of governmental programs,

with maximum emphasis placed on quantification, has increased

currently with the development of program budgeting and PPBS
activities. Such analyses have placed particular emphasis
on estimating the benefits and costs of governmental programs.
The initial large-scale applications were in the field of
water resources, but more recently, the analysis has extended

184.P.

need to be broadly examined, cost-benefit analysis, the
4

4Ibid

in importance during the past few years, to some extent con-

in this section must be supplemented by other tools such as
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Increased emphasis on cost-benefit

analysis has been due in part to the increased scope of
governmental activities and greater interest in applying
scientific techniques to governmental budgeting. Computers
have also contributed to this increased emphasis by making
possible faster and more thorough analysis.

Cost-Benefit Analysis Defined
Semantics play an important role in delineating the

scope and nature of cost-benefit analysis. The variety of
terms in current use convey the same general meaning but
have important different meanings to different peoples

"systems analysis," operations research. In this study
is used as a synonymous alternative

A variety of definitions ofto these currently used terms.
cost-benefit analysis have been presented. Charles J. Hitch
claims that
analysis applied to the public sector. Economic analysis is

Its basic maximconcerned with the allocation of resources.
maximize the value of objectives minus the value ofis?

"cost-effectiveness analysis," 
n6

"cost-benefit analysis"

"cost-utility analysis,"

to other fields.5

"it is nothing more or less than economic

5John F. Due, Government Finance, p. 62, also see 
John V, Krutilla and Otto Eckstein, Multiple Purpose River 
Development.

^Fisher, "Cost-Utility Analysis," pp. 184-185; also 
see U. S. Congress, Senate, Committee on Government Oper
ations , Planning-Programming-Budgeting: Selected Comment, 
"Decision-making in Large Organizations," by Charles J. 
Hitch, p. 14.
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He further asserts that it is

problems of decision-making thatname for an approach to
good management has always practiced . . . it is a reasoned
approach to highly complicated problems of choice character
ized by much uncertainty; it provides room for very differing

orderly study aimed at identifying a preferred course of
action from among possible alternatives .... As applied to
complex problems of today, however, it includes a variety
of disciplines and methods ranging from marginal economics
and mathematics to the systematic collection and synthesis
of expert opinions. In its simplest form, systems analysis
[Bradley equates systems analysis to cost-benefit analysis]
involves
decision alternatives.

Harold A. Hovey describes cost-benefit analysis rather

uniquely by comparing it with cost-effectiveness analysis;

D. Bradley, "Prog:

Government 
Selected

"just one

a comparison of the costs and effectiveness of 
.,9

B. D. Bradley describes cost-benefit analysis as "an

values and judgments; and it seeks alternative ways of doing 
jobs."8

7 resources used."

7U. S. Congress, Senate, Committee on 
Operations, Planning-Programming-Budgeting; _____ 
Comment, "Decision-making in Large Organizations," by 
Charles J. Hitch, p. 14.

9U. S. Congress, Senate, Committee on Government 
Operations, Planning-Programming-Budgeting, Hearings before 
a subcommittee of the Committee on Government Operations, 
p. 72.

9B. D. Bradley, "Program Budgeting," report P-3859, 
Rand Corporation, Santa Monica, Calif., 1968, pp. 4-5.
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be presented as an eclectic alternative to the above.
Cost-benefit analysis is a systematic examination of the
benefits and costs of a particular governmental program
where both costs and benefits are expressed in dollar

Factors that should enter into the evaluation ofamounts.
the desirability of the program are duly noted. Frequently,
several alternatives for attaining the stated objective are

the result 
The

Perhaps a succinct, yet comprehensive definition can
11

Cost-benefit analysis, like cost-effectiveness 
analysis, involves attaching to models values 
or prices that reflect the impact of program 
inputs on valued outputs. In cost-effective
ness, the input side is translated into dollars 
while the output side is left in non-dollar 
units (.deaths prevented, children educated, 
families housed, etc,). In cost-benefit 
analysis, both the inputs and the outputs are 
given dollar valuations. Because both inputs 
and outputs are measured in the same dimension, 
cost-benefit analysis by its nature is a system 
for recommending program decisions. It does 
not necessarily eliminate the political value 
judgments necessary to translate cost
effectiveness studies into decisions. Instead 
it incorporates those value judgments into the 
analytical criteria, thereby making 
a single simple answer .[emphasis added), 
end result of cost benefit analysis is a 
determination that the benefits are (a) greater 
than, (b) equal to, or Cc) less than the costs. 
The first outcome argues that the program 
should be undertaken, the third that it should 
not, and the second is ambiguous (and highly 
unlikely).

10Harold A. Hovey, The Planning-Programming-Budqeting 
Approach to Government Decision-Making, pp. 55-56.

l^This definition is essentially that of John F, Due, 
Government Finance, pp. 62-63.
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analyzed. As Due has stated; "Cost-benefit analysis is
designed to determine whether or not a particular program
is justified, to ascertain the optimal alternative for the

Cost-benefit analysis attempts to incorporate
both a long-range view of benefits and a broad view,
including, where possible, consideration of all costs and
benefits, both direct and indirect, rather than merely
concentrating on the obvious direct benefits.

1. One basic characteristic is the systematic evaluation
and comparison of alternative courses of action that
might be selected to achieve goals in a future time

Assumptions are challenged and additionalperiod.
alternatives are created if those assumptions examined

The creation of additionalare found to be inadequate.
alternatives can be of more value than an extensive
comparison of the given alternatives if none of the

Characteristics of 
Cost-Benefit Analysis

Calif.
" PP.

attainment of the desired goals, and to rank other altern
atives."12

12Due, Government Finance, p. 62.
13See E. S. Quade, "Systems Analysis Techniques for 

Planning-Programming-Budgeting," report p-3322, Rand Corpo
ration, Santa Monica, Calif., 1966, pp. 12-14 and Fisher, 
"Cost-Utility Analysis," pp. 185-186.

Cost-benefit analysis, as presented in this study, 
can be identified by the following characteristics:13
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original are satisfactory. Attention is paid to
problem formulation. Extensive effort is made to
ascertain the true nature of the problem, with much
of the analyst's efforts being invested in mental
consideration of the problem.
The main consideration involved in examining alterna-2.
tives is assessment of the cost and benefits pertaining
to each of the alternatives.
The time frame is future oriented-—often the distant3.
future (5, 10, or more years).

4. Because of the future-oriented time frame, uncertainty
(often great uncertainty) is paramount. Since uncer
tainty is an important part of the problem, an attempt
is made to explicitly take it into account. Most
governmental decisions are laden with uncertainty.
For example, in urban development, uncertainty exists
about city growth patterns, the extent to which free
ways or rapid transit systems will be used, costs,
amounts of tax revenues, and the demand for services.
No method currently exists whereby an analyst can say
with confidence that a given estimate is correct.
Only ordinal estimates may be possibles "The analyst
attempts to identify these uncertainties and evaluate

Often he can say the value of a parametertheir impact.
Sometimes it iswill be more than A but less than B.
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impossible to indicate how the uncertainty can be

More importantly, however, the analysis
should indicate how uncertainty will affect the
results. Procedurally, the use of subjective probability
distributions and Bayes' theorem for revising prior
probabilities offers some assistance, as is discussed
in detail in chapter five.

5. Cost-benefit analysis attempts to utilize scientific
methods traditional to natural science:
obtained by processes that can be duplicated by others
to attain the same results; C2) explicit calculations,
assumptions, data and judgments that are thus subject

where possible.
6. Although "quantitative methods of analysis should be

used as much as possible . . . purely quantitative

that is, an analysis that embodies a

narrative description flavored with judgment, intuition

Emphasis should be placed on an appropriateand logic.
combination of qualitative and quantitative methods.

"Systems Analysis," p. 13.

Fisher, "Cost-Utility Analysis," p. 185.

to checking, criticism, and disagreement; and 

C3) objectivity"^

"(1) results

14Q̂uade,
15_, . . Ibid.
16

work must often be supplemented by qualitative 
analysis,"16

reduced by further testing and how long that will 
take."14
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Timeliness is critical. An excellent analysis is of7.
no value (except possibly for review purposes) if it
is completed after the major decision-making date.

Purpose of Cost-Benefit Analysis
Cost-benefit analysis should play a modest, though

significant, role in the overall decision-making process
(although many quantitatively oriented analysts may feel

Many major long-range-planning decisionotherwise) .
problems must be eventually solved by using intuition and
judgment, since many aspects of governmental programs defy

The actual assistance
cost-benefit analysis can offer the ultimate decision-maker

At least, it can help himcan be easily exaggerated.
comprehend the relevant alternatives and the significant
interactions by providing cost estimates, estimates of risk

It may direct the decision-maker
Cost-benefittowards more beneficial courses of action.

It can,
analysis attempts to inform and sharpen the intuition of the

19 decision-maker; it does not make the decision.
17

and estimates of the period of time associated with each 
18 course of action.

adequate quantification, especially those of a political, 
psychological and/or social nature.17

Fisher, "Cost-Utility Analysis," p. 186.
18Quade, "Systems Analysis," p. 19.
19U. S. Congress, Senate, Committee on Government Oper

ations , Planning-Programminq-Budgeting: Selected Comment, 
"Decision-making in Large Organizations," by Charles J. 
Hitch, p. 15,
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however, certainly broaden his basis for judgment, thereby
enabling him to make a better decision. The presence of
value judgments, intuition, imprecise knowledge and un
certainties about the future means that an analysis "can do

Consequently, the decision
maker should not expect cost-benefit analysis to demonstrate
that a particular course of action is superior beyond all
reasonable doubt.

In sum, cost-benefit analysis is an attempt to clearly
define the issues and alternatives, and to provide
responsible officials with a full, accurate and meaningful
summary of as many of the relevant facts as possible so that

If the analyst views cost-benefit
analysis in this way, he is more likely to be in a frame of
mind that will permit him to be more useful to the decision
maker than if he takes a narrower point of view. Generally,
if an analyst approaches his job with an inflexible, narrow
frame of mind, he is destined for difficulties. He may end
up with a model too simplified to be useful; or his conclu-

little more than assess some of the implications of choosing
20one alternative over another."

20 Quade, "Systems Analysis," p. 19.
21U. S. Congress, Senate, Committee on Government 

Operations, Planning-Programming-Budgeting, Hearings before 
a subcommittee of the Committee on Government Operations, 
p. 72.

they can exercise well-informed judgment; it is not a sub- 
21 stitute for judgment.
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sions may not be available for presentation until after the

A final facet of the role of cost-benefit analysis
should be noted. When a fairly complete set of calculations
of cost and utility is possible and a resulting conclusion
reached, the conclusion itself may not be the most useful
item to the decision-maker. As Fisher states:

secondary importance.

Specific rules for conducting cost-benefit analysis
cannot be set forth, since each analysis is in itself a

In reality, cost-benefit analysisunique investigation.

187.

Considerations Involved in 
Cost-Benefit Analysis

For one thing, . . . the analysis usually 
cannot take everything into account— 
particularly some of the nebulous non- 
quantitative considerations. The decision
maker has to allow for these himself. But 
more important, most high level decision
makers are very busy men who do not have 
time to structure a particular problem, think 
up the relevant alternatives (especially the 
subtle ones), trace out the key interactions 
among variables in the problem, etc. This 
the analyst, if he is competent, can do, and 
should do. And it is precisely this sort of 
contribution that may be most useful to the 
decision-maker. The fact that the analysis 
reaches a firm conclusion about a preferred 
alternative may in many instances be of 
.qprnnHArv i mnfttf.ance - 23

22Fisher, "Cost-Utility Analysis," pp. 186-187.
23Ibid., p.

critical decision time; or he may simply give up from 
frustration.22
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remains more an art than a science. With this in mind, the
following paragraphs present some of the more important

Structure and Design. Proper formulation of the problem
and design of the analysis are by far the two most important
considerations. All factors relevant to the problem at
hand must be included and those not relevant must be
excluded. Rigid formality is not a requirement. The best
tools are experience, skill, imagination and intuition.
"It is at this point—the design of the analysis—that most
cost-(benefit] studies either flounder hopelessly or move
ahead towards success.

well on the way toward a good analysis. In addition, the
problem and design of the analysis may occassionally have to
be re-structured as initial considerations may turn out to
be relatively unimportant. this process maySimilarly,
result in new questions and alternatives.

With the structure and designThe Conceptual Framework.

established, an appropriate approach must then be chosen.

8-
pp. 187-192.
p. 186.

problem so that the right questions are asked, we shall be 
,25

In sum, if we can structure the

guidelines to be followed when conducting a cost-benefit 
analysis.24

Fisher, "Cost-Utility Analysis,"

24See E. S. Quade, Military Systems Analysis, pp.
24, and Fisher, "Cost-Utility Analysis,"

25
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There are two principal approaches to cost-benefit analysis:
the fixed benefit approach and the fixed budget approach.
The fixed benefit approach attempts to determine, for a
given level of desired benefit, that alternative most likely
to achieve that level at minimum economic cost.

The fixed budget approach attempts to determine, for
a specified budget level, that alternative most likely to
produce the highest level of benefits from the given
expenditure. Fisher feels that "either of these approaches
may be used. In any event, the objective is to permit

The structure, design and conceptual frameworkThe Model.
of the problem are generally incorporated into a model. A
model is an extension and formalization of the statement of
hypotheses.
zation of a real world system or event. The model may be
formal or informal, very mathematical or only moderately so,
depending upon the type of problem being analyzed. A
mathematical model of a system generally "consists of a set

the state of the system.

It is an abstraction, simplification or ideali- 
27

26Ibid., pp. 188-189.
2?ciaude McMillan and Richard F. Gonzales, Systems 

Analysis, p, 9.
28Ibid

of equations whose solution explains or predicts changes in 
„28

p. 11.

comparisons to be made among alternatives, and for this 
26purpose something has to be made fixed."
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Schematic models (.the type presented in this study)

are representations in pictorial form, varying in degree of
abstraction. Examples are flow diagrams and organizational
charts. These models are characterized by marked abstrac
tion.

The model does not have to be highly formalized and
rigidly mathematical to be useful. The following are basic
points:

1.

2.

5.

Fisher, "Cost-Utility Analysis," pp. 189-190.

These assump- 
____ If they are not, 
as a defect in the model

Model building is an art, not a science. 
It is often an experimental process.

The main thing is to try to include and 
highlight those factors that are relevant to 
the problem at hand, and to suppress 
(judiciouslyI) those that are relatively 
unimportant. Unless the latter is done, the 
model is likely to be unmanageable.
3. The main purpose in designing the model 
is to develop a meaningful set of relation
ships among the objectives, the relevant 
alternatives available for attaining the 
objectives, the estimated cost of the 
alternatives, and the estimated utility for 
each of the alternatives.

Since by definition a model is an 
abstraction from reality, the model must be 
built on a set of assumptions, 
tions must be made explicit, 
this is,to be regarded design.30

29Ibid.
30

Their components include lines, symbols and so on,
. 29which are not found in the physical world.

4. Provision must be made for the explicit 
treatment of uncertainty. . .
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Treatment of Uncertainty. Cost-benefit analysis must pro
vide techniques for treating its inherent uncertainty. As
indicated in chapter one, there are two types of uncertainty:
(1) "Uncertainty about the state of the world in the future.
In a national security context, major factors are technologi-

and (2) statistical uncer
tainty. Statistical uncertainty arises from chance elements
in the real world and would exist even if uncertainties of
the first type were zero.

Uncertainties of the first type are frequently found

take into account in a cost-Ibenefit] analysis. Several
techniques are available for treating these uncertainties:
sensitivity analysis, contingency analysis, a fortiori

and Bayesian decision models.

in long-range decision problems and "are most difficult to
■ 32

analysis, creation of a new alternative, the Delphi method,
33

31Ibid.
32Ibid.
33For a discussion of sensitivity analysis see 

J. D. McCullough, "Cost Analysis for Planning-Programming- 
Budgeting Cost Benefit Studies," report P-3479, Rand Cor
poration, Santa Monica, Calif., 1966, pp. 31-37; for a 
discussion of the Delphi method see E. S. Quade, "Cost- 
Effectiveness: Some Trends in Analysis," report P-3529, 
Rand Corporation, Santa Monica, Calif., 1967, pp. 9-17; 
and for a discussion of contingency analysis, a fortiori 
analysis and creation of a new alternative see Fisher, 
"Cost-Utility Analysis," pp. 190-191. Bayesian models are 
discussed in the next chapter.

cal uncertainty, strategic uncertainty and uncertainty about 
the enemy and his reactions"31

p. 190.
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Time Related Problems. Most cost-benefit studies are
dynamic in nature, or at least contain dynamic aspects,
thereby limiting the effectiveness of a static analysis.
This does not imply that a static analysis is invalid.
Static analyses should, however, be augmented with analyti
cal work incorporating a time element if the problem has
dynamic facets. If the analysis forecasts streams of costs
over time from several alternatives, then the problem of
discounting arises. The determination of a proper discount
rate can become a conceptual problem, but in practice, not
one that is impossible to solve, at least to a reasonable
degree of satisfaction.

Generally, a price must be paid for explicitly intro
ducing time into an analysis:

2.

Validating the Model. An often neglected important consid-
The model design and the

35under consideration, not how far we push the computation."

14

eration is validity checking.
faithfulness with which it portrays those aspects of the 
phenomena being modeled "are significant for the question

1. It complicates the analysis by increasing 
the number of variables and hence the number 
of calculations. If we put time in, we may 
have to take something else out. . . .

It complicates the selection of a criterion 
for evaluating alternatives: solution X may be 
better for 1966 and wors^for 1970; solution Y 
may be just the reverse.

^Fisher, "Cost-Utility Analysis," p. 192.
35E. S. Quade, "Methods and Procedures," Analysis for 

Military Decisions, ed. by E. S. Quade, p. 168.
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The cost-benefit analyst does not have and should not be
expected to have the precise and flexible means available
to the physical scientist for checking his model experi-

He might, however, try to answer the followingmentally.
questions:

2.

3.

4.

Qualitative supplementationQualitative Supplementation.

may appear as an integral part of the total analytical
effort, as an
discussion of relevant non-quantitative considerations that
could not be taken into account in the formal analysis.
The latter can be extremely important to the decision-maker.
This involves presenting and interpreting the quantitative
results then declaring that this is the limit of quantifi-

This should be followed by a listing of the relativecation.
qualitative considerations that the decision-maker should

take into account.

169.P.

When the principal parameters involved 
are varied, do the results remain consistent 
and plausible?

Can it handle special cases in which there 
is some indication as to what the outcome 
should be?

Can it assign causes to known effects?36

36Ibid

interpretation of the quantitative or as a

1. Can the model describe correctly and 
clearly the known facts and situations?
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Limitations. All cost-benefit analyses are plagued with
shortcomings. Some of these limitations are problems in
herent to choice and others are a consequence of the diffi
culty and complexity of the question. There are two

37generally accepted limitations to cost-benefit analysis:
1. Many costs and benefits cannot be measured with accuracy,

requiring a subjective choice between different sets of
costs, thereby making the problem insusceptible to
rigorous economic analysis.

2. A second limitation of cost-benefit analysis results
from imperfect information. Some problems defy quanti
fication altogether. If these problems are completely
ignored, the analysis can be severely deunaged.

Problems under study must often be projected far
The specifications of suchbeyond the range of experience.

problems cannot be precisely defined in the early stages of
Many of the components of future systemsconsideration.

have never been constructed before, and therefore no cost-

Emphasis must be placed onbenefit experience exists.

37 
Efficiency:

Statistical Techniques and 
Cost-Benefit Analysis

See Aaron Wildavsky, "The Political Economy of 
Cost-Benefit Analysis, Systems Analysis, and 

Program Budgeting," Planning Programming Budgeting, ed. by 
Fremont J. Lyden and Ernest G. Miller, p. 376, A. R. Prest 
and R. Turvey, "Cost-Benefit Analysis: A Survey," Economic 
Journal, pp. 729, 731, Quade, "Systems Analysis," pp. 19-22, 
and U. S. Congress, Senate, Committee on Government Oper
ations, Planning-Programming-Budgeting: Selected Comment, 
"Decision-making in Large Organizations," by Charles J. Hitch, 
p. 18.
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analytical processes to project the cost beyond the range of
experience. The employment of statistical methods will
assist in this analysis. Data on past and existing systems

between costs and the program characteristics identified at
the outset. "The purpose of such analysis is to develop
cost-[benefit] estimating relationships . . . suitable for
projecting costs of future systems. Scatter diagrams,
regression analysis, and correlation analysis are examples

cost-estimating techniques.

of past data are available and applicable.
are useful for explicitly predicting costs and benefits when
no past experience is available.

The
use of the Bayesian model as a predictive tool in cost
benefit analysis is the general theme of chapter five where
it is developed in detail.

Statistical techniques which do not involve the use
These techniques

39 For a discussion on the Monte Carlo method, see 
Robert Schlaifer, Probability and Statistics for Business 
Decisions , pp, 320-327,

of statistical techniques useful in the development of such 
„38

can be analyzed statistically to derive relationships

38McCullough, "Cost Analysis," p. 19.

They include such tools as 
39 the Monte Carlo method and Bayesian decision models.
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StructuralPhase

Objectives are statements of
national direction which the government has decided to

Since there are various levels of objectives, itpursue.
is necessary to identify the proper level for analysis.

PPBS objectives become operational only after quan
titative criteria have been established. The second task
is, therefore, to develop quantitative measures of objec
tives . When quantitative criteria are established, each

objective becomes a unit of measure, i.e dollars, pounds,

After the objectives have been chosen, requirements

(needs) must be defined quantitatively. This can be accom

plished simultaneously with the determination of quantitative

The purpose of identifyingmeasures of the objectives.

quantified requirements (needs) is to present a clear picture

For example, if a transportation program is to

achieve its objectives, information must be available on the

A General Model for the Systems 
Approach to PPBS

40See U. S. Department of Commerce, Office of the 
Under Secretary for Transportation, Study of a Planninq- 
Programming-Budqetinq System for Transportation.

41Ibid

miles, and so forth.

P. 15.

of the nature and size of the work required to achieve each
41 objective.

The first task in the PPBS process is to identify 
governmental objectives.4®
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requirements that will be placed on the program. Additional
information would be desired about the size and amount of
people and commodities that move through the system.

After the total requirements associated with each
objective have been quantified, the desired goals for each
year in the program should first be stated in terms of
identified objectives. Program level statements should not
be confused with goals, since such statements are notor
iously devoid of consideration of effectiveness.
however, be used as inputs in the goal selection process.
For example, a statement presenting the number of missiles
produced does not convey the effectiveness of the defense
program in which they are to be used.

The next step in the PPBS procedure is to establish
a program structure that will facilitate comparison. In

the program structure is the backbone of the PPBSessence,
The agency or activity performing the study shouldprocess.

activities into PPBS programs which serve only onemold its
The current goals are converted to programobjective.
that can be analyzed for costs.structures

Analytical Phase
Following the establishment of the program structure,

This is a refinealternate solutions must be identified.
ment of the tasks accomplished in the previous step. These

21-22.

They can,
42

42Ibid., pp.
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alternatives are then taken and analyzed for costs and
benefits. The costs and benefits of each alternative are

then related and compared. Finally, the alternative that

presents the best solution at the minimum cost or the "most

program" for a given budget is selected.

Administrative Phase
When the optimum solution has been determined by

cost-benefit analysis, a descriptive report is required.
This document should be a narrative description of the
analysis, the program and the determinations. It should be

a concise analytical document which dissects, supports and

Thisrecommends alterations in the proposed program.
document should pull together the program analysis for each
category in detail sufficient enough to support fully the
program goal, costs and funding proposed in the financial
plan.

A program and financial plan should also be presented,
summarizing goals and outlining the direct governmental
costs to be incurred over a multi-year (usually five years)
period.

Finally, the PPBS costs should be translated into

The program costs should be convertednormal budget terms.

to costs that fit into the framework of budgeting procedures

of the governmental activity performing the analysis. In
financial plan must be trans-other words, the program and
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lated into the traditional budgetary framework for presen
tation to the legislative branch for approval.

The Iterative Process
The PPBS process is iterative in nature. A single

attempt or pass at the problem is seldom adequate. The key
to successful analysis is a continuous cycle of formulating
objectives, designing better alternatives, collecting data,
building models, weighing costs against benefits, question
ing assumptions and data, re-examining objectives, opening

The information flow
may be reversed at any step in the process if new information
is discovered which has a bearing on the previous steps
(see figure 1 and Table 2).

The iterative process is one of the foundations of
the Bayesian decision model and thereby forms a basis for
the discussion presented in the following chapters.

43Quade, "Systems Analysis," pp. 8, 10, 11.

new alternatives, and so on, until satisfaction is obtained 
or time or money forces a cutoff.43
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CHAPTER IV

THE BAYESIAN APPROACH TO STATISTICS

The main purpose of this chapter is to present a
brief overview of several of the more important character
istics of Bayesian statistics. Before discussing Bayesian

Probability Theory

Objectivitist Approach

The objectivitist or relative frequency approach to

probability theory is that of the so-called "classical"

school and is

It is characterized by
"levels of significance" for tests of hypotheses and

This objectivist"confidence coefficients" for estimates.
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statistics, however, a brief comment on the two generally

1For a detailed discussion of Bayesian statistics see 
Robert Schlaifer, Probability and Statistics for Business 
Decisions.

2Ward Edwards, Harold Lindman and Leonard J. Savage, 
"Bayesian Statistical Inference for Psychological Research," 
Psychological Review, p. 195 and Jack Hirschleifer, "The 
Bayesian Approach to Statistical Decision: An Exposition," 
Journal of Business, p. 472.

associated with the works of R. A. Fisher,
2 Jerzy Neyman and Egon Pearson.

accepted approaches to probability is necessary to establish 

the proper dimensions to the Bayesian concept.^



tributions for the unknown parameter. It relies solely on
decision-making procedures based on objective evidence,

maker is willing to accept. The objectivist approach to
probability theory requires the statistician to identify
probability with long-run frequencies. According to the
objectivist theory, long-run frequencies should not be
computed unless their values fall within the realm of
certainty. However, in the majority of problems involving
samples, the only long-run frequency distributions which are
known with certainty are the conditional distributions of
sample statistics, given specified values of the parameters
of the population from which they were drawn. As a result,
techniques such as hypothesis testing and confidence inter
val construction have been devised,

Obviously, the objective approach does not refer to
For this reason, the objectivistordinary isolated events.

cannot assign values to the probability, say, that an object

Subjective/Personalistic 
Approach

65
approach invalidates any statements about probability dis-

given certain prespecified risks of error that the decision-
3

3
Hirshleifer, "The Bayesian Approach," p. 42.

4 For a detailed discussion of the objectivist 
(classical) approach, see Schlaifer, Probability and Sta
tistics , pp. 606-668.

since they require
4 only a look at these conditional distributions.
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The subjective approach to probability becomes
important at this point. Subjective factors, such as
opinion, personal judgment, feeling or degree of belief
about the event under consideration enables the decision
maker to formulate statements about the isolated events

Probabilities assigned under thesereferred to above.
conditions are referred to as personalistic or subjective.
The decision-maker's experience bears heavily on the assign-

Experience is the majorment of subjective probabilities.
factor that allows a decision-maker to quantify his judgments
or beliefs about the possibility of a particular event
occurring or the existence of a particular state of nature.

Despite the essential differences between the two
approaches to probability theory, a close relationship
between the weight or degrees of belief held by "reasonable"

Relationship Between 
Approaches

5Paul S. Britt and Edward Ibbotson, "A Bayesian 
Approach to Determining the Sample Size for Maintainability 
Demonstration," (masters' thesis, Air Force Institute of 
Technology, Wright-Patterson Air Force Base, Ohio, 1969), 
p. 24.

6For a detailed discussion of the two approaches to 
probability, see William Fellner, Probability and Profit, 
chap. 2.

weighs more than a given weight or that a train will arrive 

late.5

Subjective probabilities are one of the foundations of the

Bayesian decision model.5
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men and relative frequencies can be expected. To explain
this relationship, a reasonable man must be defined as a
person whose weights or degrees of belief are consistent in
the sense of probability theory. Accordingly, whatever his
initial opinion may be, a reasonable man will modify his
opinion in the face of objective evidence in such a way
that his weights or degrees of belief tend to approach
relative frequencies. The following can therefore be
generalized:

Reasonable men who have been exposed to similar exper-1.
normally hold similar opinions.iences should

2. Provided sufficient data or experience can be obtained,

an initial opinion or assignment of weights may become

quite unimportant, since the effect of this initial

opinion will be negligible when modified by additional

experience.
A disagreement between reasonable men may be the result3.

as
discussed above, but until a series of relevant observations
have been made of a particular event, an objective (relative

The subjective approachfrequency) value cannot be obtained.

The assignment of weights or degrees of belief can be 
made without the availability of any explicit experience,

^William T. Morris, Management Science, pp. 29-30.

of a lack of substantial common experience or shared 
7data.



Bayesian Statistics

Bayesian statistics, a currently controversial

approach to statistical inference, involves the explicit

use of a priori information in the form of a subjective

probability distribution for the unknown parameter under

investigation. The subjective probability distribution
describes the decision-maker's state of information or
degree of belief as to the various conceivable values that
the unknown parameter may take. The beliefs represented by
the prior probability distribution are those held by the
individual initially. These subjective beliefs, however,

may be based partially upon previous objective evidence. No

matter how the subjective values are formed, the Bayesian

approach requires that for rational action, the decision

maker or expert must have a personal state of belief

attaching a fractional probability to each value of the

unknown parameter prior to acting—this is the prior distri

bution. The state of belief or knowledge may not be

p. 472.

immediate and in explicit form, but it can be elicited by a 
suitable evaluation of the individual's choices among various 

Q 
combinations of outcomes and rewards.

®Britt, "Maintainability Demonstrations," 
Morris, Management Science, p. 30.

9Hirschleifer, "The Bayesian Approach,"

p. 27 and

68 
to probability theory, therefore, facilitates the handling 

of "one-time" decisions, utilizing whatever relevant
Q 

experience is available.
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The posterior probability distribution summarizes

the state of knowledge or belief of the decision-maker after
making use of new information obtained by sampling tech
niques . The overall approach is called Bayesian because of
the crucial role played by Bayes' theorem in indicating how
specified prior probability distribution, when combineda

with sample
bution for the unknown parameter.

In sum, the key elements of Bayesian statistics are
that probability is nothing more than orderly opinion and
that inference from data is simply the revision of such
opinion in the light of new information. Theoretically,
the Bayesian approach involves little more than common

It is merely a set of techniques for orderly exsense.
pression and revision of opinions with due regard for

"The Bayesian approachAs stated by Paul E. Green:
to decision-making under uncertainty provides a framework
for explicitly working with economic costs of alternative
courses of action, prior knowledge or judgments of the 
decision-maker and modification of these judgments as 

12 additional data are introduced."

evidence, leads to a unique posterior distri-
10

internal consistency among their various aspects and for 
data.11

10Tbid.
11Edwards, Lindman and Savage, "Bayesian Statistical 

Inference," pp. 194-195.
12Paul E. Green, "Bayesian Decision Theory in Pricing 

Strategy," Journal of Marketing, p. 5.
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After the decision-maker's judgments have been scaled
in a manner permitting use of the logic of probability
theory, Bayes' theorem may be applied to modify these

new data gained by sampling.opinions in face of Two
general expressions of Bayes' theorem are presented below,

(1)

• •> FJ

P(B) / 0,B is any event defined over S, and

PCB/FJ • PCFJP CFj^/B) =
(2)pCb)

13

T. R. Dyckman, S. Smidt and A. K. McAdams, Manage-

New 
Probability 
Concerning 
Specified 
Hypothesis

Prior Probability 
Concerning Specified 
Hypothesis

Probability of 
Observed Outcome 
Under Hypothesis
Total Probability of 
Observed Outcome 
Under All Possible 
Hypotheses

Bayes' Theorem and the Revision 
of Probabilities

f2, . .

Britt, "Maintainability Demonstration," p. 25.
14, - - ■ -• -- -- --

ment Decision Making Under Uncertainty, pp. 80-81.

over S, 
then1^

or if S is any sample space, (F^, F2, . . ., F^, .
is a set of mutually exclusive and exhaustive events defined

with the second stated in terms of conditional probability 
notation:13
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where

(3)

The prior distribution can be revised in light of
conditional probabilities or likelihoods to obtain posterior
probabilities by means of Bayes' theorem. The term
"likelihood" is used for the conditional probability of

specified value of the basic random variable.
Bayes' theorem and prior and posterior distributions

in no way replace judgment and experience. Judgment and
experience, however, are made more effective by their use

by assigning probabilities to those events on which the

decision-maker's Cor expert's) experience and judgment bear

most directly, rather than to events which will directly

These are concepts that can be readily

applied to problems involving uncertainty about future events

A suggested application is presented

general model in the following chapter.

p. 26 and

n
PCB1 = E 

i=l

drawing the sample which was actually drawn, given some
15

in the form of a

PCB/Fp • PCFJ.

for which no past data are available, given that certain 
assumptions are met.^?

determine costs but with which he has had relatively little 
direct experience.^

^Britt, "Maintainability Demonstration," 
Schlaifer, Probability and Statistics, p. 338.

l^Schlaifer, Probability and Statistics, p. 333.
■'•^These assumptions are applicable to each specific 

model. The assumptions for the model presented in this 
study are discussed in the following chapter.



CHAPTER V

A BAYESIAN APPROACH FOR ESTIMATING UNKNOWNS
IN COST-BENEFIT ANALYSIS

The purpose of this chpater is to present a Bayesian
model for estimating unknown costs within the analytical

More specifically, the model is directedphase of PPBS,

towards the prediction of unknown costs in cost-benefit

Before the model is presented, however, theanalysis.

relevance of Bayesian statistics to cost-benefit analysis

In addition, cursory mention ismust be briefly discussed.

required of the categories of costs inherent to cost-benefit

analysis.

Invariably, during a cost-benefit study, the analyst
is confronted with the problem of estimating costs and
benefits of proposed programs for which no past data are

Further, even if previously gathered data foravailable.

similar programs are available, the astute analyst will

avoid being led into assuming that extrapolations from this

data will adequately predict all future costs and benfits.

72

Cost-Benefit Analysis and 
Bayesian Statistics
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Certain types of costs and benefits arise in most programs

that defy objective anticipation.

Generally, no information superior to subjective

estimates is initially available for estimating unantici

pated costs and benefits. An attempt must be made, however,

to predict these costs and benefits, even if the prediction

is subjective in nature. The ultimate decision-maker must

be fore-warned of the possible eruption of unanticipated

costs and benefits. In other words, the decision-maker must

not be led to believe that the objective portion of the

analysis is the entire picture—a simple, but crucial point

that is extremely important during the early stages of a

new, untested program.

The crux of the problem, therefore, is not whether to

treat unanticipated costs and benefits subjectively, but

Bayesian statistics offers

explicitly, and modified as objective information is avail

able.

There are several reasons why Bayesian statistics can
appropriately be applied to cost-benefit analysis. However,

two are more predominant. ' First, as indicated previously,

cost-benefit analysis bristles with subjectivity and

intuitive judgment, especially during the early stages of

At some time during the analysis, theprogram evaluation.

decision-maker must be confronted with this subjectivity.

how to treat them subjectively.

a method whereby subjective costs and benefits can be treated
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Mere presentation of non-quantitative judgment will not

The real issue in cost-benefit studies is notsuffice.
numbers or computers. Clarity of understanding and

expression are of much greater importance, for the analyst

must be able to clearly and succinctly present the results

of his analysis to the decision-maker. Numbers are an

integral component of modern language. When cost-benefit

studies are being discussed, the greatest clarity of thought

This does not
Contrarily, it implies thatnegate judgment and insight.

expressed with clarity if they are to be useful.

The point about uncertainties should be emphasized.
Many intelligent and reputable scholars and practitioners

tive if there are any subjective probabilities involved.
This view, is narrow and incorrect. As previously mentioned,
rather than conceal uncertainties, regardless of their
nature,
clarify them.

is achieved by using numbers instead of avoiding them, even 

when uncertainty or subjectivity is present.

judgment and insight, like everything else, needs to be
1

feel that quantitative cost-benefit analysis is not produc-
2

a good cost-benefit analysis will bring them out and

•*■0. S. Congress, Senate, Planning-Programming- 
Budgeting: Selected Comment, "Tne Systems Analysis 
Approach,” by Alain C. Enthoven, p. 4.

2F. S. Timson, Measurement of Technical Performance 
in Weapons Systems Development Programs, p. 43.
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Second, cost-benefit analysis is an iterative

Programs are continually being reviewed, withprocess,

costs and benefits being re-computed as experience and

information are gained about the program involved. The

initial magnitude of subjectivity, combined with a continu

ing requirement for revision as new program information is

available, makes cost-benefit analysis a prime candidate

for the application of Bayesian statistics. Bayesian

statistics, therefore, offers a means to explicitly account
for some of the subjectivity inherent to cost-benefit
analysis (and therefore PPBS1 and to capitalize on the
iterative nature of the PPBS process.

Cost and Benefit Categories
Prior to discussing the Bayesian model, some mention

must be made about the cost and benefit categories within
As implied in the previous section,cost-benefit analysis.

various cost and benefit categories must be addressed in a

The types of costs and benefits mustcost-benefit analysis.
be identified, for all do not lend themselves to Bayesian

Three major categories of costs and benefits areanalysis.

known costs and benefits, antipresented in this section;

cipated unknown costs and benefits and unanticipated unknown

costs and benefits.
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Known Costs and Benefits

Known costs and benefits are apparent and easily
explained. These are known with certainty when cost-benefit
analysis begins. An example of such costs would be a union-
negotiated wage rate that extends for several years into the
program being evaluated. If, for example, the program under
scrutiny requires a specific number of union workers re
quiring union wages, and if the skill levels are prespecified,
then the costs of these workers would, for all practical
purposes, be known for the period of the union contract—

The same logic applies for theassuming a forty hour week.
known benefits.

Anticipated unknown costs and benefits are those of
which the cost-benefit analyst is aware at the outset and
expects to solve through use of a variety of techniques,
including classical statistical methods. These are the
unknowns associated with type 2 uncertainty, previously

Examples of anticipateddiscussed on pages 6 and 51.
unknown costs could include the maintenance costs of proposed

Theseconventional metropolitan transportation systems.

estimated by classical statistical techniquescosts can be

regression analysis and correlation, using pastsuch as
available data.

Anticipated Unknown 
Costs and Benefits
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There are unknown costs and benefits which are bound
to surface unexpectedly, and for which the cost-benefit
analyst may not be prepared. These can be referred to as

Unantici
pated unknown costs and benefits are associated with type 1
uncertainty, as referenced on pages 6 and 51. Examples of
unanticipated costs and benefits that have appeared during
the development of various programs can easily be cited:

The Van Allen radiation belt defied anticipation, but1.
its discovery required extensive research to determine
the type and extent of radiation shielding required
in manned space flights, thereby presenting costs that
were initially unknown and unanticipated.
Lockheed Aircraft Corporation found it necessary to2.
develop beryllium brakes for the C-5A aircraft (part
of a major Air Force program) in lieu of the carbon
or alloy-steel brakes that it expected could be used.
Lockheed justified their expectations by projecting

from recently developed large aircraft.data gathered
The expectations proved to be inaccurate and the
company had to undertake considerable unanticipated

Thisresearch to perfect the beryllium brake.
resulted in a substantial increase in costs in an

Unanticipated Unknown 
Costs and Benefits

the "unanticipated unknown costs and benefits."
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Air Force program.

evolved into an

Nothing can crumble the program pyramid so rapidly

and thoroughly as the emergence of important unanticipated

Lockheed's sequence of financial problemsunknown costs.

that beset its development and production of the C-5A
aircraft is a classic example. Recent evidence has shown
that there was nothing "wrong" with Lockheed's planning

The program was simply plagued with unanticipatedapproach.
As these unantici-unknown costs again and again and again.

pated unknown costs surfaced, schedules slipped, communica
tions short-circuited and the whole structure, from the

By the time all of the problems
the program cost overrun was an accomplishedwere sorted out,

fact.
Anticipated unknown costs and benefits can seldom

although a considerable degree ofbe predicted exactly,
Unanticipated unknown costs andprecision is possible.

benefits are actually totally unknown quantities and
therefore cannot be estimated at all in the classical sense.
A cost-benefit analysis will be substantially improved,
however, if the analyst is cognizant of the fact that

126.

3
Hudson B. Drake, "Major DOD Procurement—At War With 

Reality," Harvard Business Review, p. 124.
^Ibid., p.

Department of Defense down to the lowest subcontractor,
4 suffered shock after shock.

An anticipated unknown cost had 
"unanticipated unknown cost."^
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Ignoring the possibility

of action.

Unanticipated costs generally defy even subjective

estimation except as a total dollar amount for the program

or subprogram under consideration, for the task becomes

truly Herculean if the analyst attempts to associate the

subjective unanticipated costs and benefits with specific

"unanticipated incidents" (theoretically, if the latter were

done, the costs and benefits would not truly be unanticipated).

At best, the analyst can recognize the possibility of these

costs and benefits arising and can attempt to predict them in

terms of total dollars.

The Bayesian decision model offers the cost-benefit

analyst a tool for estimating and revising unanticipated

In the following section, a general Bayesianunknown costs.

model for estimating these unanticipated unknown costs and

benefits is presented.

Assumptions and Distributions

Four important distributions are incorporated into

the model presented in this sections the distribution of

the population from which the sample is drawn, the prior

unanticipated costs are going to surface and if the analyst 

takes steps to try to predict them.

of unanticipated costs and benefits is an unacceptable course

A General Bayesian Model for Estimating 
Unanticipated Unknown Costs 

and Benefits
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distribution, the distribution of sample means and the

posterior distribution. There are also some significant
sampling considerations that must be delineated. The
above-named distributions and sampling techniques, along
with their associated assumptions, are discussed in the
following paragraphs.

Sampling. As indicated in chapter three, cost-benefit
The initial selection ofanalysis is iterative in nature.
not signal the terminationa program over alternatives does

The existing program is periodicallyof the investigation.

Often the revision
must take place prior to receipt of normally scheduled

Also, the governmental reporting systembudget reports.
within the program being analyzed is frequently not rapid

able.

5Department of Commerce, Office of the Under Secretary 
for Transportation, Study of a Planning-Programming-Budqeting 
System for Transportation, p. 73.

reviewed to see if it remains the best alternative to reach 
the outlined governmental objective.5

enough to give the analyst a complete and timely account of 
the magnitude, in dollars, of budget expenditures to date 
that have been for goods and services not previously antici
pated. Further, governmental reports may fail to present 
adequate data in the proper form even when they are avail- 

Large quantities of cost and benefit data are either 
currently not recorded or buried in the private or other 
sectors of the economy from which extraction is often both
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difficult and expensive. The analyst, therefore, is left

Normally this is not feasible, especially in an analysis of
a large program. Time and money generally prohibit can-

Estimates of unanticipated
however, by sampling randomly thecosts can be obtained,

This leads tosubelements of the program concerned.
random sampling is used to gainassumption number one:

information about the magnitude of unanticipated costs.
For the purposes of the model, sampling is assumed to be

The formulas presented herein reflect thissimple random.
assumption.

Further, since the ultimatesampling can be used however.
desire is to gain as much accurate information as possible,
the sample size will be determined by the amount of money
available to conduct sampling and the speed required in

The elements

Other methods such as stratified and cluster
8

obtaining the sample information.

6A11 programs are generally divided into subprograms 
and the subprograms are divided into elements. The element 
can be divided into subelements.

^Department of Commerce, Office of the Under Secre
tary for Transportation, Study of a Planning-Programming- 
Budgetinq System for Transportation, p. 104J

8For a thorough discussion on sampling techniques, 
see William G. Cochran, Sampling Techniques, 2nd ed., or 
Morris H. Hansen, William N. Hurwitz and William G. Madow, 
Sample Survey Methods and Theory, Vol. 1.

with no choice but to directly contact all program sub

elements if he desires timely and accurate information.®

vassing all program subelements to find the dollar amounts 

of all unanticipated costs.?
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sample is drawn fromThe a population comprised of

elements in the real world lin the case of this study these
elements are referred to as "program subelements") which can
be classified by a particular characteristic—cost or bene
fits expressed in dollars. By sampling these subelements,
the cost-benefit analyst can obtain information which will
assist him in making his overall recommendations. Partic

ularly, the sample mean, x, gives an estimate of ji, the

unknown mean unanticipated cost or benefit of the total

That is, x is an estimatepopulation of program subelements.

of the true mean unanticipated cost or benefit for all

The distribution of the population canprogram subelements.
the right in thetake any shape, often being skewed to

phenomena such as unanticipated costs and
The standard deviation, a, of the population is

also usually unknown and is usually estimated from the
If the sample is large in size, the use of thesample data.

sample standard deviation, S, instead of a causes little

error in subsequent computations dependent, theoretically,

upon a.

The prior distribution is a distri-The Prior Distribution.

bution representing the decision-maker's uncertainty about

the unknown value of the mean unanticipated cost, p, of the

9William H. Spurr and Charles P. Bonini, Statistical 
Analysis for Business Decisions, p. 378.

case of economic
Q 

benefits.
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The

best estimate of p, the true mean unanticipated cost or
benefit of the population of program subelements. The

standard deviation, represents a measure of the decision

maker's uncertainty about his estimate of “p.

The second assumption of this study is that the prior

distribution is normal with mean, , and variance^ a«2.

There are two primary reasons for choosing the normal dis

tribution. First, the normal distribution is easy to
manipulate. of mathematical skill is notA high degree
required to discover the normal distribution which best

Personnel with relatively limited quantitative
backgrounds can easily be trained to gather and work with

Since the normal distri-data from normal distributions.
bution is symmetric, it is easy for the analyst, expert or

visualize his beliefs about the meandecision-maker to
unanticipated costs or benefits of the population of program
subelements •

The second reason has, however, more significance:

a normal prior distribution can lead to an extremely simple

population of program subelements prior to sampling.

mean, p0, of this distribution, is the decision-maker's

10Robert Schlaifer, Probability and Statistics for 
Business Decisions, p. 436.

expresses the judgment of the person responsible for a 
, . . 10decision.
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The Sampling Distribution. The sample mean, x, is utilized

to estimate -p, the mean unanticipated cost or benefit of the

population of program subelements. The distribution of

sample means is a theoretical frequency distribution con

sisting of all possible sample means of a given size, n,

drawn from the population of subelements.

The third assumption of this study is that the samp

ling distribution of x is normally distributed. This

assumption does not impose a very severe restriction. The

Central Limit Theorem can be relied upon to show that for

moderate to large samples the distribution of the sample

mean, x, is approximately normal with mean, p, and standard

is small.precise information about p when a. However, when

An important observation should be interjected at

The standard deviation of the population, c, isthis point.

Its value can, however, be estimatedgenerally unknown.

from the standard deviation of the sample, S. If the sample

size is moderately large (n is greater than 25 or 30), the

i^Ibid.; see the Appendix for the derivation of the 
relationship of the prior to the posterior distribution.

a_
x

deviation,a , where a
* 5c

measure of sampling error of x.

2
is large, the value of the sample information diminishes.

posterior distribution when the basic random variable is a 
mean of a population.11

The value a* presents a
The sample contains fairly
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standard error of the sample mean can be computed as

sampling distribution,

The Posterior Distribution. Like the prior distribution,
the posterior distribution is a decision-making distribution.
It portrays the analyst's, expert's or decision-maker's
uncertainty about the unknown value of v, the mean unantici
pated cost or benefit, after sample evidence has been

If the prior distribution and the distributionpresented.

That is, if

deter-

(4)

a_. x

-^ +

The standard error of the sample mean, S_, 
can then be used to approximate the standard error of the

. . ,-y, . x
2 + 2

distribution is normal with mean y, and variance ai
* ,, 14mined as follows:

the second and third assumptions are valid, the posterior
2

of sample means meet the normality criterion, then the 

posterior distribution is likewise normal.^3

1
a_2 x

S - S/V n, where S has been computed using n - 1 degrees
- 12of freedom.

12Spurr and Bonini, Statistical Analysis, pp. 260-264.
13Ibid., p. 379.
l^por a derivation of this relationship, see the 

Appendix; also see T. R. Dyckman, S. Smidt and A. K. McAdams, 
Management Decision Making Under Uncertainty, pp. 507-509 
and William T. Morris, Management Science, pp. 72-74.
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and

+ (5)a

or
a

(6)
a

The posterior mean is a weighted average of the prior
mean and the sample mean, with the weights being the recipro
cals of the variances of the two distributions. A higher

degree of precision is indicated by a smaller variance. A

2is smaller than (indicating that 1/a is greatera

is smaller than a The weight

decreases and the

If

If the variance reciprocals attached to the prior
and sample estimates can be thought of as representing the

smaller variance produces a higher weight.
2

1
2

2

2

1
a—2 x

a-2 x
than 1/a—2) , the prior mean receives the greater weight.

x
The converse is true if a—2 is smaller than ao2

a-2 x

a-2
x

received by the sample mean varies with n, the sample size.
■2 = a2/n. as n increases, a—2

x
Therefore, the influence of

+ a—2 x

^see Spurr and Bonini, Statistical Analysis, p. 380.

x 
sample becomes more precise, 

the sample variance (1/a—2) increases with sample size, 

the sample size is considerably large, the effect of the

a,2 =

Since a.

If, therefore,

prior distribution on the posterior distribution becomes 

negligible.

1
°i2

a2/n, as n increases,
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quantity of information on the variance of the mean avail
able from each source, then a conception of the variance of
the posterior distribution may be obtained. The amount of
information available about the variance of the posterior
distribution is, then, the sum of the information supplied
by the prior and the sample variances. Consequently, the
information about the posterior variance of the mean is

taken alone, indeed it is their sum.

The basic assumptions of the model can be summa-Summary.

rized as follows:

Additional information will be sought by taking a simple1.

random sample of the program subelements.

The prior distribution is normally distributed.2.

The distribution of sample means is normally distributed3.

(implying a sample size of at least twenty-five or

thirty).

The standard error of the sampling distribution, is4.

known or can be adequately estimated.
The parameters of the four distributions are recapitulated
in Table 3.

and McAdams,

greater than that supplied by either the prior or the sample
16

•^For a thorough discussion about the information 
furnished by the posterior variance, see Schlaifer, Probability 
and Statistics, pp. 443-446 and Dyckman, Smidt and McAdams, 
Management Decision Making, pp. 486-487.
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TABLE 3

DISTRIBUTION PARAMETERS

Distribution VarianceMean

1. 2x a
P 22. Prior distribution J*. a

3. Distribution of sample means x P

4. Posterior distribution Pi

*

A Bayesian Model

Eight general steps are necessary for a cost or

benefit analyst to use the Bayesian decision model as an

aid in treating unanticipated unknown costs or benefits in

(1) identify costs and benefits bya cost-benefit study:

categories, (.2) generate a prior distribution of unantici

pated costs or benefits, (3) obtain additional information

by sampling, (4) revise the prior distribution using Bayes'

(6) combine all categories of cost and benefit estimates,

(7) identify cost with benefits and (8) compare costs and

benefits of the program under investigation with alternative

programs,

Population from which sample 
is drawn

Random 
Variable

a2/n

v_2‘ x
a.2

theorem, (5) construct a Bayesian probability interval,

a_2 x
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Categorization of Costs/Benefits, The first step in any
cost-benefit analysis should be a careful segregation of
the various types of costs and benefits: known costs and
benefits, anticipated unknown costs and benefits and un
anticipated unknown costs and benefits (see Figure 3, step
1) . This is a very important step, for much of the remaining

analysis is based directly upon what is accomplished here.

For example, if some of the anticipated unknown costs that

can be predicted with a high degree of precision from

existing data are inadvertently included with unanticipated
unknown costs, which are generally subjective in nature,
information is wasted. An oversight such as this could lead
to catastrophic budget overruns.

The model only presents an analytical technique that
is applicable to the estimation of unanticipated unknown
costs and benefits, since statistical methods are currently

costs and benefits.
The known and anticipatedto an elimination process.

unknown costs and benefits are identified, allowing all
others to fall into the unanticipated unknown cost and

Such a procedure is logical and necessary,benefit category.

for unanticipated costs and benefits, as implied by their

title, defy prior specification. At best, they can be

expressed initially as a percentage of the total program

budget or as

being used that adequately predict the other two types of

Step One, therefore, reverts essentially

a dollar amount without attachment to a specific
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program expenditure. The known and anticipated unknown
costs and benefits must be sifted out before the unantici
pated unknown costs and benefits can be addressed.

An obvious, but important, facet of the analysis
deserves attention at this point. Although unanticipated
costs and benefits are both expressed in terms of dollars
and are predicted by the same analytical techniques, they
should generally be estimated by different analysts,
perhaps even different sections (such as a cost analysis
section and a benefit analysis section) , to allow originality
and singleness of purpose to flourish. Further, segregation
of tasks will tend to reduce the effects of bias on the part
of the individual analysts. Specialization on the part of
the analysts allows a narrowing of responsibility and a

The analyst will haveconsequent "deepening" of ability.
an opportunity to sharpen his skills in a specific area
(costs or benefits) and thereby improve the quality of the

Therefore, once the program is presented forprediction.
cost-benefit analysis, and all alternative solutions have
been identified, it should then be presented to the cost
section or analyst and the benefit section or analyst for

The separate considerations,their separate considerations.
however, generally occur during the same period of time.

Establishing a Prior Distribution. After the costs and
benefits have been categorized, the next step is to arrive
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at a prior estimate of the unanticipated unknown costs and

benefits (.see Figure 3) . If the program being evaluated is
an untested proposal, the initial estimate of the costs and

benefits will necessarily be subjective. If, however, the

analysis is a review of a previously investigated program,

the prior distribution may be the posterior distribution of

the previous iteration. If the analysis is in the first

iteration of the cost-benefit study, then the problem is how

best to arrive at a subjective estimate of the unanticipated

unknown costs and benefits.

who is ultimately going toFirst, the individual
decide what the estimate of the unanticipated cost or benefit
is to be must be identified. He could be a cost analyst,

one who chooses the best alternative among all proposals) .
If this individual is willing to visualize his estimate of
what he expects the unanticipated unknown costs or benefits
to be in terms of a normal curve with his estimate at the

is willing to disclose how uncertain he ispeak, and if he

of his estimate, then the assumption of normality for the

prior distribution will have been met.

On the other hand, since the tails of the normal

curve never fall completely to zero, a normal prior distri

bution may contradict the "decision-maker's" belief that

certain values of the variable are impossible. If the

assignment of some small probability to impossible values of

a budget expert or even the ultimate decision-maker (the
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the variable will materially affect the expected unantici

pated costs or benefits, then the use of a normal prior

distribution, and thereby this model, may be invalidated.

Generally, the small tail probabilities have virtually no

effect on expected costs; and in many cases the assignment

seem impossible may actually be desirable.

Suppose, for example, that a proposed national

welfare program is being evaluated for costs and benefits.

Clearly, since this is a new proposal with no past experience

available, unanticipated unknown costs and benefits are

completely subjective at the outset and must rest purely on

the judgment of some expert, analyst or decision-maker.

Further, imagine that the individual who must decide

what the estimated value of the unanticipated costs is to be,

asserts that his best estimate is that the average unantici

pated cost Cor benefit) is going to be 10 thousand dollars

per program subelement per quarter for the first year of the

program, but that he believes that there is only a 50-50

chance that this guess is within plus or minus 1.5 thousand

dollars of the true value. Since the peak of the normal

distribution is at its mean, the parameters of the distribu-

The mean of the priortion can be determined as follows, 
distribution is;

l^Schlaifer, Probability and Statistics, p. 436.

of some small probability to values of the variable which
17
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PQ = 10.

The middle half of the probability distribution lies between
8.5 and 11.5. Therefore, the lower and upper quarters are

below 8.5 and above 11.5, respectively. Consequently, ao,
the standard deviation of the prior distribution must have

a value such that

PCw > 11.5) = P (z >n

(7)

.67) = .25

therefore (see Figure 2)

.67S3

By going through this selection process, the analyst,
expert or decision-maker has implied that his own mind
operates as a random process which in situations similar to
the example above will generate estimates which are correct
on

This completes the construction of the prior distri

bution, since the mean and standard deviation completely

18See any table containing the cumulative unit normal 
distribution; Schlaifer, Probability and Statistics, p. 704.

— )= .25 
a .

P (z > n

) = pn(z

the average, but varying by 1.5 thousand dollars or more 

on fifty percent of all individual occasions.

11.5 - 10

%

and since18

1.5/%

- 1.5/.67 = 2.2
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describe a normal distribution. If this is the first

iteration of the analysis (implying that the program is not

yet in effect and therefore subelements are not yet avail

able to sample) , then steps three through five can be

omitted (see Figure 3) .

Sampling. After a program has been adapted and operating

for some time, cost-benefit analysis procedures dictate

that a periodic review must be conducted to see if the

program still offers the best solution to the stated

in the model is,governmental objective. The next task
therefore, to obtain additional information about the
unanticipated costs and benefits so that the prior estimate

Additional information is gained by takingcan be revised.
a random sample of the program subelements to obtain an
estimate of the unanticipated costs and benefits.

To continue with the example of the previous section,
suppose that the national welfare program has been adopted
and it is now time for the first quarterly review. A

random sample of size n =» 30 is taken from a population, N,

of 200 program subelements with the following results:

x = 15 thousand dollars

S = 8

From the sample information, an estimate of the variance can

be calculated. Since the sampling ratio, n/N = 30/200 = .15,
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is rather large, the finite population correction factor
must be applied. The following is obtained:

2
(8)x

1.81

Revision of the Prior Distribution. After the estimate of
the unanticipated costs per program subelement and its error
is obtained by sampling, the next step is to use this
information to revise the prior distribution. The revised
prior distribution represents the estimate of the true
value of unanticipated costs and benefits after additional
information has been obtained.

Again, continuing with the previous example, the
following estimates have been identified:

= 10

S2 - 1.81x

parameters of the

posterior distribution can be computed.

S2 = C8) (1 .. 30 )
X 30 200

Using this information, and formulas (4) and (6) , presented 
in the first part of this chapter, the

s2x

S- = x

«o

x = 15

=. d Cl - 2) n N

= 2.2
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= 13.64 (9)Pi = ■
1

(1.81)
= 1.32 (10)

+ 1.81

The posterior or revised estimate after sample evidence has
been presented is now 13.64 thousand dollars with a variance
of 1.32. Notice that the sample variance is somewhat

smaller than the prior, giving more weight to the sample

evidence than the prior distribution.

Although the posterior mean andInterval Construction.

variance are extremely useful to the analyst or decision-

if some degree of

probability can be expressed about the revised estimate of
unanticipated costs or benefits. Obviously, merely re
porting one specific number as a best estimate of the

unknown cost or benefit will not be satisfactory, since any

such estimate will almost certainly differ by some amount

from the true value of the unanticipated cost or benefit

being estimated and the user of the estimate will want some

indication of its reliability. Therefore, construction of a

Bayesian probability interval of the general form

(11)’t

1 
+ -------

1.81

a,2 =

P <

15
+ 1.81

(2.2)2

10 

(2.212

P(p, - z

maker, a better decision can be made

p, + zc() = desired probability level

C2.2)2
(2.2) 2



98
The con-

unanticipated cost or benefit falls, should accompany the
quantitative and narrative portion of the analysis to give
the ultimate decision-maker a perspective of the reliability
that he can place on the estimate.

A probability interval for the previous example is
constructed as follows if the desired probability is assumed

to be 0.95;

< P < + 1.96 ct,) = .95 (12)P ( P, - 1.96 a, Pt

.95

costs of the fictional federal welfare program subelements

be 95% certain that the true mean unanticipated costwould

will fall in the interval 11.39-to-15.89 thousand dollars.

an intervalBy multiplying the probability interval by N = 200,

for the total cost can be constructed, where costs are ex

pressed in thousands of dollars!

He must not be led to believe thatval should be cautioned.

it will solve all of his decision-making problems. The

^•9For a discussion on classical interval estimation, 
see Spurr and Bonini, Statistical Analysis, pp. 265-268; for 
a discussion on the Bayesxan probability interval, see 
Dyckman, Smidt and McAdams, Management Decision Making, 
pp. 545-547.

P(13.64 - 1.96(1.15) < p < 13.64 + 1.96(1.15)) = 
PQ1.39 < p < 15.89) = .95

The decision-maker estimating the quarterly unanticipated

struction of this interval, within which the true mean

P(2278 < Total Cost < 3178) = .95
The decision-maker using a Bayesian probability inter-

is appropriate, where p is a random variable.19
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point that must be emphasized is that the interval provides

reasonable betting odds for values of v or Np, but it does

not assure the decision-maker of winning the bet. If the

decision-maker does not fully understand this prior to

making use of the interval, he may subsequently lose faith

in the procedure if he discovers later on that the true

mean in fact does not fall in this interval.

Combination of Costs and Benefits. The next step in the

cost-benefit analysis should encompass all three types of

The estimates of the known and anticicosts and benefits.

pated unknown costs and benefits should be combined with

the estimate of the unanticipated unknown costs and benefits

estimate of total costs (see Figure 3,

Although the ultimate goal is the prediction ofstep 6).
total costs and benefits, the report should include specif
ically the cost and benefit estimates per category and the

Full disclosure mustreliability that is attached to each.
be made to the decision-maker who is required to evaluate
the costs and benefits of the program as compared to the
costs and benefits of competing alternatives.

Identification of Total Costs with Total Benefits. After
the total costs and total benefits have been calculated, the

The seventh stepcost and benefit studies are matched.
Csee Figure 3) is
of a particular program are identified with the corresponding

an identification process where the costs

to arrive at an
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benefits of the same program.

the final step.

sections and benefit analysis sections, the identification
process would necessarily involve a collation whereby each
section presents and discusses its analysis so that the
proper costs can be identified with the proper benefits.
Step seven is where differences between the cost analysis
and the benefit analysis can be discussed and hopefully

The final phase of this step should includeresolved.

preparation of the cost and benefit analysis for presenta

tion to the ultimate decision-maker. All costs and benefits

should be specified by category. The reliability of the

estimate should accompany the cost and benefit estimates.

Those estimates that are subjective in nature, such as the

estimates of unanticipated costs and benefits, should be

Any differences between the cost analysislabeled as such.

and benefit analysis should be explicitly treated and in

In fact, the entire analysis shouldeluded in the report.

be open and explicit. Anyone should be able to take the data

of the analysis and compute the estimates using the same

assumptions and arrive at the same estimates.

In a cost-benefit analysis 

section that is not concerned with a number of programs 

simultaneously, this step would probably be combined with

However, where a number of programs are 

being evaluated at the same time, with separate cost analysis
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Comparison of Costs and Benefits. The cost-benefit model

concludes with a comparison of the costs of a particular

program against the benefits of the program. The program

costs and benefits are further compared with the costs and

benefits of alternative programs. After the program costs

and benefits are compared, the various alternatives are

ranked and submitted to the ultimate decision-maker, along

with their supporting documents—especially those that

This, insupport subjective cost or benefit estimates.

The decisionessence, culminates the cost-benefit study.

maker must now decide which program of the variety presented

will best achieve the stated governmental objective. The

cycle now repeats, as new programs are investigated or

existing programs reviewed.
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CHAPTER VI

CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY

Conclusions

logically consistent general Bayesian model for estimating

unanticipated unknown costs and benefits within cost-benefit

analyses of planning, programming and budgeting systems.

The model is another analytical tool that the decision-maker,

to assist in arriving at sounder decisions concerning the

adequacy or adoption of governmental programs. It is

designed to assist the decision-maker in arriving at logical

conclusions. The model is not a panacea for cost estimating,
a fact that must be understood and accepted by the user.

procedure whereby judgment, in the
form of unanticipated costs and benefits, on the part of the

gained by a sampling process,
Numerous possibilities appear to exist for applying

the model. The most appropriate seem to be applications

103

decision-maker may be incorporated explicitly into the 
analytical process, being revised as new information is

The purpose of this study has been to present a

The model furnishes a

or more specifically, the cost-benefit analyst, may employ
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the larger govem-

The smaller
governmental activities, such as small city governments,

will probably not require sampling as a pre-requisite for

quickly and cheaply, negating the sampling requirement.

activity seems to be quite susceptible to the application of

The Department ofthe model:

One of the biggestdeeply into the economy of the nation.

problems•

far reaching

scheduled program revisions. All of the unanticipated 

unknown costs and benefits can probably be determined fairly

with, large-scaled governmental activities, that is, the 

federal government and large state and local governments.

This rests on one major consideration:

mental activities will normally be more likely to require 

sampling techniques than smaller activities.

cost overrun mentioned on page 77.

unknown costs appear to have caused the majority of the

Also, the Department of Defense decision-makers 

have a host of technical experts available to advise and 

help them to arrive at subjective cost and benefit estimates.

problems within the Department of Defense has been cost over

runs in various large programs, such as the C-5A aircraft 

Further, unanticipated

Department of Defense programs are so broad and 

that sampling techniques would seem to be applicable, in 

certain instances, to obtain unanticipated cost and benefit

Within the large-scaled governmental activities, one

the Department of Defense.

Defense is the largest single federal governmental activity, 

housing a multitude of broad federal programs that reach
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benefits.

The Department of Defense is not the only possible

point of application, but should receive emphasis because

The model of course, is just as valid as the assump

tions on which it is based. The prior distribution used in

the model is assumed to be normal, thereby eliminating
restrictions on sample size, since means of samples from
normal distributions are normally distributed regardless of

However, even if the normal prior assumptionsample size.

especially if sample size is moderately large.

In some situations, the decision-maker may hesitate to make

Finally, the decision-maker may be unable or unwill

ing to make estimates of the unanticipated costs and benefits.

estimates, as opposed to a thorough canvassing of all program 

subelements to determine total unanticipated costs and

pressed in writing may leave him open

later date, especially if his estimates are found incorrect.

very real consideration if the decision-maker

^See Robert Schlaifer, Probability and Statistics for 
Business Decisions, pp. 446-44IH

his feelings known explicitly, especially in federal programs.

The decision-maker may fear that any explicit judgment ex- 

to criticism at a

cannot be met, the model can be used as an approximation,
1

This could be a

of its size and depth. Also, unanticipated costs and 

benefits have recently been a major problem therein.
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is a political appointee.

If, in instances such

as mentioned above, the prior distribution can be assumed

approach infinity), then the following is true:

and

= x

therefore, the decision-makerIn the diffuse case,

would probably be better off if he diverts his time and

and relies

if prior information is poor.

Suggestions for Further Study

The Bayesian model presented in this study is

To truly vali-supported primarily by logical consistency.
date the model, that is, to see if theory can be effectively

is assumed to
2

Limit a,

Limit 11, 
a. * - :

The important aspect of

diffuse, that is, if the amount of information furnished by
the sample, l/cr_2, is far greater than that furnished by x
the prior distribution, l/a02, (or if a

and a„

the diffuse case is that the model is not invalidated even

2In practical use, the prior distribution can be 
assumed diffuse if .10 o—•

3See Schlaifer, Probability and Statistics, p. 445.

This does not, however, necessar
ily invalidate the use of the model.

effort from assessment of the values of
3 totally on the sample information.

4’x
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transformed to practice, an
be made.

These initial estimates should be re

vised in light of sample evidence.

These are only suggested possibili-

This topic appears ripe for further investigation.

The PPBS concept is relatively new and the theory unfixed.

Major cost overruns have jeopardized themental programs.

cost-benefit studies a method whereby estimates of unantici

pated costs and benefits can be logically and explicitly

integrated into the analytical phase of the PPBS process.

The real point is that some type of empirical evidence 

is needed, now that the model has been generated.

production tied to governmental contracts.

In summary, the model appears to be logically con

sistent and to offer the decision-maker concerned with

More study is desperately needed to determine methods of 

estimating unanticipated costs and benefits within govern-

empirical investigation should 

The investigation should be made using the model 

presented in this study, incorporating actual estimates of 

decision-makers.

predictive techniques, 

ties.

Perhaps the procedure 

could be compared to a "control group" that uses other

credibility of some governmental activities and have con

tributed significantly to economic unrest within the 

community of corporations that are primarily involved in
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RELATIONSHIP OF THE PRIOR DISTRIBUTION

TO THE POSTERIOR DISTRIBUTION

Consider the basic random variable p, a mean of a

normal distribution with variance a2. Assume that m(p) has

Further, a random sample of

(13)

Since the prior and samplemean.

P and variances oo

109

Utilizing the continuous form of Bayes' theorem,
J

^This derivation is essentially that of T. R. Dyckman, 
S. Smidt and A. K. McAdams, Management Decision Making Under 
Uncertainty, pp. 507-509.

by the laws of normal probability.

for x is normal with mean

where f o ( p) discloses the values of the prior density func

tion over p, f (j/x) the values of the revised density m
function and h_(x) the values of the marginal density 

x ■
function for the sample

m' ( li = fm (p/x)
f„ (p)h_(x/ p)

density functions are normally distributed with means p0 and

2 and <?—2, then x

The density function

E(x) = p and variance a—2 = a2/n, 
x

The task is to find the revised (posterior) density function,
m’( p) , given a value of x.

a prior normal probability density function with mean 

Eo (m) = po and variance oo2.

size n is selected from a universe in m(p) that is described
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exp I - 1/2 C (14)
IT

and
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Further
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(16)

Now consider the exponent of e in equation (16),
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Completing the square for the polynomial in p results in

P, + xa 2a
]2+ RIp-
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where
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Substituting this result into equation (16) gives

P. + xa
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'/2dzl =/2 r (a

since the term in the brackets is the standard normal and

therefore equals unity. Therefore

hjjbc) =

In formulating equation (.17) ,

x +
a

can be written using R as
i
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JJ.
/2 ir

This is the posterior probability density function for M,

and it is normal with mean

+a

(18)

and variance

a

a

or

(19)
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