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ELMER B. STAATS

COMPTROLLER GENERAL OF THE UNITED STATES

LA STE

GAO Auditing in the Seventies

This article is based on remarks made by Mr. Staats on
October 4, 1971, at the Symposium on Sophisticated Federal
and State Government Auditing Techniques sponsored by the
Washington, D.C., Chapter of the Institute of Internal
Auditors, and on October 12 in Gatlinburg, Tenn., at the
Institute of Internal Auditors Southeast Conference on New
Developments for Profitable Auditing in the Seventies.

We in the General Accounting
Office are constantly striving to expand
our capacity to audit the affairs of
Federal agencies. As independent audi-
tors in the Federal Government, we are
accountable to the Congress for exam-
ining into the programs, operations,
and financial transactions of all Fed-
eral agencies. The challenge of this re-
sponsibility is illustrated by the fact
that our national budget is now more
than double what it was 10 years ago.
It now exceeds $200 billion a year, is
continuing to increase, and embraces
operations that include in one way or
another almost all forms of human en-
deavor.

After serving more than 20 years in
the Bureau of the Budget, I have been
concerned for the past 5 years as
Comptroller General with advising the
Congress on how well the executive
branch agencies have spent the money
appropriated to them. Some call the
General Accounting Office, which 1
head, the “watchdog for the Con-
gress.” Having this responsibility and

having played a personal part—as
Deputy Director of the Budget—in as-
sisting four Presidents in the prepara-
tion of 14 budgets for the Federal
Government, 1 have—quite naturally
—retained an active interest in and
concern with the subject of Federal
spending.

The Federal Budget

A decade ago, when John Kennedy
became President, the Federal budget
was approximately $98 billion. Ten
years later, in 1970, the budget had
doubled to $197 billion. The 1972
budget calls for expenditures of $232
billion. In the 10-year period from
1961 through 1970, we had a budget
surplus in only 1 year and had cumu-
lative deficits totaling more than $60
billion.

The actual deficit for 1971 was
$23.2 billion—sharply upward from
earlier estimates, largely because of the
downturn in the economy. The Presi-
dent’s budget for 1972, submitted last

1



GAO AUDITING IN THE SEVENTIES

January, estimated a deficit of $11.6
billion. Currently the expectation is
that the deficit will climb to a much
higher figure—some estimate as high
as $25 billion to $28 billion—primar-
ily due to two considerations: the pro-
posed tax reduction that is a part of
the President’s new economic program
and increases in the President’s budget
of approximately $3 billion due to
added expenditures to appropriation
bills. Thus, there is a possibility that
in 2 fiscal years we will add deficits
totaling almost as much as these accu-
mulated during the previous 10 years.

The President’s 1972 budget re-
quested new spending authority total-
ing nearly $250 billion which, added
.to the $260 billion authority of pre-
vious years, provides the executive
branch with spending authority of
over $500 billion to be spent in the
years ahead.

The Budget in the Future

The Federal budget for future years
is further complicated by the fact that
many of our commitments have
become “fixed,” “built in,” or, as some
would say, “uncontrollable.” To be
sure, much of our budget has in-
creased as the result of population
growth, inflation, and an increasing
number of veterans and of beneficiar-
ies entitled to social security and other
pensions.

In transmitting his 1972 budget,
President Nixon pointed out that dur-
ing the next 4 years economic growth
should increase Federal receipts by
$86 billion. But, he hastened to add,
the built-in or uncontrollable costs in

2

the budget will limit severely the abil-
ity of any President to alter this figure
over the next 5-year period. He stated
that:

Less than ten percent of the receipts that
our current tax system is expected to pro-
duce in 1976 will be available for all the
new programs to be introduced between now
and then.

GAOQ’'s Responsibilities

Federal laws governing the responsi-
bilities and work of the General
Accounting Office not only permit but
require us to examine into the manner
in which Federal agency managements
discharge their responsibilities for
using Federal resources. We consider
the financial management responsibil-
ities of Federal agencies to include the
administration of funds and the utili-
zation of property and personnel for
authorized programs, activities, or pur-
poses in an effective, efficient, and eco-
nomical manner,

Our audit mission requires us to:

—FEmphasize any aspects of the ad-
ministration of programs or ac-
tivities by Federal agencies that
seem to require correction or im-
provement.

—Emphasize the ways, means,
and methods most likely to achieve
necessary correction or improve-
ment.

—Concentrate as much as possible
on those programs or activities
which seem most important from
the standpoint of size and other
factors and which appear to pre-
sent opportunities for increased
efficiency and economy and  for



improvements in operations and
management controls.

In selecting areas for review, we
give primary attention to those areas
known or considered to be of direct
interest to the Congress or which, in
our judgment, should be reviewed by
an independent audit arm of the Con-
gress. The important factors we con-
sider in reaching decisions on the allo-
cation of audit effort are:

—Specific statutory requirements.

—Expressions of congressional in-
terest; e.g., views contained in
committee reports.

~—Importance of programs or activi-
ties judged by such measures as
the size of expenditures, public
impact, investment in assets, and
amount of revenue.

—Criticisms  indicating potential
needs for corrective action.

GAO Reports

Reports of the General Accounting
Office cover subjects ranging from uses
made of foreign currency, military and
urban renewal
programs, public housing, space explo-
ration, atomic energy programs, anti-
poverty programs, and education and
manpower development and training
programs, to the procurement, produc-
tion, and operation of major weapon
systems in the Department of Defense.
Each year the General Accounting
Office sends some 200 audit reports to
the Congress. These are also available
to the public, unless classified for secu-
rity reasons. In addition, it makes
many more reports to committees or

economic assistance,
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Members of Congress. There were
nearly 300 of these last year. Finally,
many reports dealing with matters of
less significance go to agency officials.
Over 500 reports of this type were pre-
pared last year.

A large number of the reports sent
to the Congress and to heads of execu-
tive agencies deal with substantive
matters of Federal agency planning
and performance pertaining to a wide
diversity of missions and programs.

Importance of Internal Auditing

Since the 1940’s, internal auditing
has made great progress in the Federal
Government. Thirty years ago few
Government agencies in the United
States had any internal audit func-
tions. By contrast, today nearly all
Government agencies have internal
audit organizations. Agency managers
have come to rely upon internal audit
as a source of information and assist-
ance in improving operations, and the
Congress has officially endorsed it in
the enactment of various laws.

We consider a strong internal audit
system to be an essential part of a
Federal agency’s management control
system. Thus, over the years, we have
strongly supported efforts for strength-
ening this function in Federal agen-
cies. We first issued a statement of
concepts and principles on internal au-
diting in 1957. In 1968, a complete
revision was published and was widely
distributed to Federal agencies.

The revised guidance statement,
which reflects the collective wisdom
and experience of personnel of the
General Accounting Office, Federal de-

3
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partments and agencies, and represent-
atives of public accounting firms and
industrial organizations, places great
emphasis on the usefulness of internal
auditing to strengthen management
systems and on the very essential role
the heads of Federal agencies must
play to make internal audit systems
function effectively.

I would also like to mention the re-
vised statement of responsibilities of
the internal auditor recently published
by The Institute of Internal Auditors.
This second revision summarizes in an
agreeably short document the essence
of internal auditing. It is very much in
line with the growing stature of the
internal auditor as an important part
of any organization’s management sys-
tem.

The General Accounting Office
makes every effort to keep abreast of
the planned work programs of Federal
agency internal auditors, to consider
them in planning its own work, and to
avoid, wherever possible, conflicts in
audit schedules. We try to familiarize
ourselves also with the work of other
internal review groups which may
have examined into operations or
activities that we are interested in.

Coordination and support of strong
agency internal auditing are of twofold
importance:

—First, to the General Accounting
Office because, in fulfilling its re-
sponsibilities to the Congress, it is
required to examine into the
effectiveness of agency internal
audit activities and to give due
regard to internal audit coverage
in carrying out the audit activities
of the Office.

—Second, to agency heads because
internal audits and appraisals
keep agency management in-
formed of what is happening at
the point of operation. Internal
audit is an integral part of an
agency’s system of management
control.

Audits of Program Results

The increased emphasis now being
given by GAO to auditing program re-
sults originated many years ago. This
work involves examining into the
accomplishments, benefits, or achieve-
ments of Government programs and
considering whether the objectives es-
tablished for them are being achieved.

This further extension of our audit
work is now specifically directed by
law as a result of the enactment of the
Legislative Reorganization Act of
1970. Section 204 of that law directs
us to review and analyze the results of
Government programs and activities
carried on under existing law, includ-
ing the making of cost-benefit studies
when ordered by either House of Con-
gress, when requested by any commit-
tee having jurisdiction over such pro-
grams and activities, or upon our own
initiative.

A good example of how the Con-
gress is tending more and more to look
in our direction for information on
how Federal programs are really work-
ing occurred on the floor of the Senate
recently. During a discussion of the
National School Lunch program, Sena-
tor Dole of Kansas stated:

There has been a suggestion that perhaps
the General Accounting Office should look



into this entire program, to see whether it is
being properly administered in the States, to
see whether the funds are being properly
expended in the States, and to see whether
we might modernize and bring the program
up to date. I feel, and I know that there are
other Senators who also feel that perhaps, as
we continue to add and add and add, we
should take a good, long look at the total
program, whether it be section 4, section 11,
or the special section 32 funds. I believe that
some of us will be pursuing this effort to
determine: Are the funds being properly
spent? Are they going to the children who
should have these free and reduced price
lunches? To me, that is the important
question."

At this point, I would like to sum-
marize the principal factors which
have affected the extent and rate with
which this change in emphasis in our
audit work has taken place.

—Performance of audit work at
agency sites has provided GAO
staff members with great familiar-
ity with agency program opera-
tions, thereby helping us to know
what is going on. It has enabled
the auditors to identify agency
operating programs needing more
detailed review and having possi-
ble interest for the Congress.

—Agency internal management con-
trols and systems have been
strengthened with the result that
the General Accounting Office has
been able to place greater reliance
on agency internal audits and
management reviews. This has
lessened the need for us to apply
our resources to the audit of rou-
tine fiscal transactions.

—Staff members of the General
Accounting Office have developed

1 Congresstonal Record, Oct, 1, 1971, p. § 15652,
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increased competence and detailed
knowledge of Federal programs
through long experience. In-
creased capability has also come
from major investments in train-
ing and, more recently, through
recruitment of staff members and
consultants with expertise in a va-
riety of disciplines.

—Requests from committees of Con-
gress for assistance, either for as-
signment of staff members or for
the conduct of specified studies,
have increasingly emphasized the
desire for studies of program
effectiveness.

Objectives of Program Results Audits

In making examinations of program
results, we seek answers to at least
these seven questions:

1. Is the agency program achieving
the results intended as specified
in the legislation or in the imple-
menting directives of the agency
and within the costs anticipated
at the time the legislation was
enacted?

2. Is the agency program or activ-
ity being conducted and are ex-
penditures being made in com-
pliance with requirements of ap-
plicable laws and regulations?

3. Does top agency management
have the essential information to
exercise supervision and controls
and to ascertain directions or
trends?

4. Does agency management have
adequate internal review or audit
facilities to monitor program op-
erations, to identify management

5
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problems and weaknesses, and to
insure fiscal integrity?

5. Are there overlappings of juris-
diction and duplications of effort
which serve no useful purpose?

6. Have alternative programs or
procedures been examined by
agency management or should
they be examined for potential
in achieving objectives with the
greatest economic efficiency?

7. Where alternatives have been
considered, were studies, such as
cost benefit studies, made to sup-
port executive branch proposals
adequate from the standpoint of
analyzing costs and benefits of
alternative approaches?

The ability to relate the effectiveness
of operating programs to legislative
objectives depends in large part upon
how specifically the legislation sets
forth these objectives, either in the leg-
islation itself or in the accompanying
legislative history. For example, the
Public Works and Economic Develop-
ment Act of 1965 is quite general in
its statement of purpose and avoids
specific earmarking of funds. On the
other hand, much of the housing legis-
lation of the Congress is quite detailed
in specifying the type of assistance au-
thorized and in designating funds for
each purpose.

Some Examples of GAO Audits

So far 1 have been talking largely in
generalities. In practice, these generali-
ties are translated into specific audits
or reviews and reports to the Congress
or to agency officials. Before conclud-
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ing, I would like to give you a sam-
pling from some of our recent congres-
sional reports to illustrate the nature
of findings reported, the diversity of
subject matter, and our version of the
expanding usefulness of the auditor to
improved governmental management
and operation.

Financed by
Farmers Home Administration Pro-
vide Benefits to a Limited Number of
Rural Residents (Department of Agri-
culture, B-114873, Aug. 23, 1971)

Recreational Projects

GAO is recommending that the Congress,
in its continuing evaluation of Farmers
Home Administration programs, consider
matters discussed in this report with a view
to determining whether FHA recreational
loan programs should be continued and, if
so, what form the programs should take.

Types of recreational projects for which
loans may be made under these programs
include golfing facilities, lakes, swimming
pools, rodeo arenas, and baseball diamonds.
Through December 31, 1969, FHA loaned
$98.1 million for these purposes. Many loans
provided benefits to a limited number of
rural residents and in many instances did not
contribute effectively to providing rural resi-
dents with outdoor recreational projects—the
program’s objective.

Development of Minority Business and
Employment in the Hough Area of
Cleveland, Ohio, Under the Special
Impact Program (Office of Economic
Opportunity, B-130515, Aug. 17,
1971)

As of February 1971, after more than 2%
years of Federal funding, OEQ’s Special
Impact program carried out by the Hough
Area Development Corporation in Cleveland
had brought few visible benefits to Hough.
Considering Hough’s deep-seated and long-
standing problems of unemployment, poor
housing, and high crime rate, however, it



would be unrealistic to expect a major social
and economic impact in that short a time.

Hough Development leaders have shown a
willingness to recognize their errors and
have attempted to correct them. GAO be-
lieves that they have learned that complex
programs require planning not only of what
to do but also of how to do it. If the Special
Impact program in Hough is to succeed, it
must maintain the support of the Hough
community. To this end Hough Development
must soon demonstrate that it can produce
successful projects which will provide tangi-
ble benefits to-the community.

Assessment of the Teacher Corps Pro-
gram at the University of Southern
California and Participating Schools
in Tulare County Serving Rural-Mi-
grant Children (Office of Education,
Department of Health, Education, and
Welfare, B-164031(1), Aug. 25, 1971)

The USC rural-migrant program strength-
ened educational opportunities available to
Spanish-speaking children in the schools
where corps members were assigned. The
USC program was successful also in broad-
ening the University’s teacher preparation
program.

USC established a special curriculum for
the interns designed to develop their profi-
ciency in Spanish and sensitivity toward the
learning problems of Spanish-speaking chil-
dren of rural-migrant families, The program
was USC’s first attempt to train teachers for
children of rural-migrant families.

Need for Improving the Administra-
tion of Study and Evaluation Contracts
(Office of Education, Department of
Health, Education, and Welfare,
B-164031(1), Aug. 16, 1971)

The use of contractors by the Office of
Education to conduct studies and evaluations
has increased substantially over the years.
The studies are performed by public or
private agencies, organizations, groups, or
individuals. This report illustrates the need

GAO AUDITING IN THE SEVENTIES

for the Office of Education to improve its ad-
ministration of contracts so that maximum
benefits can be realized from funds expended.

Savings Available Through a Govern-
ment-Wide Program To Rehabilitate
Instrumentation Tape (General Serv-
ices Administration, B-164392, Aug.
23,1971)

This report informs the Congress of the
potential for significant savings through the
establishment of a Government-wide rehabili-
tation program for instrumentation tape—a
type of magnetic tape used by Federal agen-
cies to record data used in scientific projects
—and of the pertinent actions planned by the
General Services Administration. The Gov-
ernment’s cost of procuring this tape is esti-
mated at $10 million annually.

Too Many Crew Members Assigned
Too Soon to Ships Under Construction
(Department of the Navy, B-172632,
Aug. 9, 1971)

The Navy assigns nucleus or skeleton crews
for temporary duty periods up to 6 months to
ships under construction to insure delivery of
ships with trained, well-organized crews.
GAO questioned whether crews so assigned
were being used efficiently and reviewed crew
assignments for five of these ships. This re-
port shows that the Navy can provide a means
for better use of manpower resources if it
limits the assignments of nucleus crews to
the minimum size and composition needed to
fulfill their mission and also reduce per diem
costs.

Need To Increase Rates To Recover
the Cost of Providing Service to Com-
mercial Firms Renting Multiple Post
Office Boxes (U.S. Postal Service,
B-114874, July 19, 1971)

The cost of providing service to commer-

cial firms renting multiple boxes exceeds the
revenues provided from rental fees. The

7
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Postal Service has acknowledged the need
for modifying the rental policy for multiple
boxes to recover the costs of providing serv-
ice to such boxes.

Improvements Needed in Management
of Projects To Develop Business Op-
portunities for the Poor (Office of Eco-
nomic Opportunity, B-130515, July
20, 1971)

Through the creation of new business op-
portunities for the poor in ghetto and rural
areas, the Office of Economic Opportunity is
attempting to innovate and develop new ways
to help the poor to become self-sufficient.
This report informs the Congress of the
problems which have arisen in the adminis-
tration of this program and demonstrates the
need for greater use of private enterprise
and better cooperation between Federal
agencies in carrying out this program.

Further Improvements Needed in Ad-
ministration of the Small Business In-
vestment Company Program (Small
Business Administration, B-149685,
July 21, 1971)

This report highlighted various problems
in regulating the Small Business Investment
Companies, which use Federal funds to make
long-term loans to small business concerns to
stimulate and supplement the flow of private
equity capital. The Congress may wish to con-
sider the feasibility of providing the Small
Business Administration with the legislative
authority to impose fines against SBICs which
fail to correct violations.

Improved Controls Needed Over Ex-
tent of Care Provided by Hospitals
and Other Facilities to Medicare Pa-
tients (Soctal Security Administration,
Department of Health, Education, and
W elfare, B~164031(4), July 30, 1971)

Medicare payments for care provided by

hospitals and extended care facilities in-
creased from $2.5 billion in fiscal year 1967

8

to $4.7 billion in fiscal year 1970. This report
is concerned with the effectiveness of proce-
dures established to control the extent of
care provided to Medicare patients in hospi-
tals and extended-care facilities. GAQ was
assisted in its evaluation by consulting physi-
cians.

The Medicare law requires that each hos-
pital and extended-care facility establish a
committee, consisting of at least two physi-
cians, to review the medical necessity of ad-
missions, duration of stays, and professional
services rendered.

HEW agreed with GAQ’s finding that
there was a need for SSA, State agencies,
and intermediaries to take additional practi-
cal measures to foster the role of review
committees. HEW outlined several actions
which it had taken or proposed to take to
improve the review function. HEW officials
estimated that, as a result of such actions,
Medicare costs in fiscal year 1972 would be
reduced by about $60 million.

Better Cost Accounting Needed for Op-
eration and Maintenance of Military
Family Housing (Department of De-
fense, B-159797, July 2, 1971)

In 1962 the Department of Defense devel-
oped cost accounting procedures for opera-
tion and maintenance of military family hous-
ing. A GAO review of these procedures
showed that the Secretary of Defense should
consider establishing new categories of hous-
ing to provide data more nearly comparable
and useful for cost management; issue more
comprehensive directions to insure greater
uniformity in recording and reporting of costs
of operation and maintenance; and provide
the Congress with a plan for orderly replace-
ment of family housing units no longer eco-
nomical to operate and maintain.

I cite this last report to illustrate
that we do not overlook the contribu.
tion that good accounting systems can
make to better management. Effective



accounting systems are a statutory re-
quirement for all Federal agencies.
GAO has the job not only of prescrib-
ing broad principles and standards to
be followed, cooperating in accounting
systems development, and approving
systems designs, but also of monitor-
ing such systems in operation.

Scope of Governmental Auditing

It is my belief that the responsibility
of the independent, external govern-
mental auditor should embrace the fol-
lowing three aspects of management
accountability:

—Fiscal accountability, which in-
cludes fiscal integrity, disclosure,
and compliance with applicable
laws and regulations.

~—Managerial accountability, which
is concerned with the efficient and
economical use of personnel and
other resources.

~—Program accountability, which is
designed to assess whether pro-
grams are achieving their in-
tended objectives and whether the
best program options have been
selected to achieve these objec-
tives from the standpoint of total
cost and outputs.

An accountability system should em-
brace all three elements. There must be
public confidence in fiscal integrity in
the spending of public funds; there
must be assurance that waste does not
occur through mismanagement; and
there must be an assessment of whether
programs are accomplishing their in-
tended objectives with due regard to
costs and results.

GAO AUDITING IN THE SEVENTIES

Auditing Standards

Before concluding, I should mention
the project GAO is leading to develop
more comprehensive auditing stand-
ards for the audit of Federal assistance
programs.

This is a vast area of expenditure.
Federal aid to State and local govern-
ments is budgeted at over $38 billion
for the current fiscal year. The need
for better understood standards gov-
erning the audit of these programs is
great, irrespective of who makes the
audit.

We have been working with repre-
sentatives of other Federal agencies,
State and local governments, and a
number of professional associations
and public interest groups to develop
these standards. A working draft of
the standards was recently widely dis-
tributed for review and comment.

Because governmental administra-
tors and legislators need independently
evaluated information about govern-
ment programs, the proposed stand-
ards go beyond the so-called generally
accepted auditing standards of the in-
dependent public accountant. Generally
accepted auditing standards were de-
veloped for application to audits hav-
ing as their main objective the expres-
sion of an expert opinion on financial
statements. These are all right as far as
they go but they do not go far enough
to be fully useful in audits of govern-
mental programs and activities.

As 1 have already indicated, we
favor a concept of auditing that em-
braces three broad elements of ac-
countability—fiscal, management, and

9
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program. The audit standards proj-
ect is important in its own right but
an additional reason for mentioning it
here is that the standards we are pro-
posing contemplate a scope of auditing
that will embrace these same three
broad elements of accountability.

Concluding Remarks

In summary, I do not intend to
imply that the auditor has an exclusive
responsibility for management and
program evaluation. Other analytical
staffs and other systems of review are
also available to government adminis-
trators and legislators. Too frequently,

however, such staffs have been primar-

ily concerned with budget formulation
and program planning and not suffi-
ciently with whether authorized pro-
grams are achieving their intended re-
sults. This is the area to which 1
strongly believe the auditor has a
major and increasingly important con-
tribution to make. He has a tradition
of making and reporting his findings
independent of operating officials. He
should be increasingly equipped with
special skills which go far beyond that
required for financial audits alone.
And most importantly, he should be
increasingly looked to by legislatures
and by executive officials for examina-
tions and recommendations on all
three aspects of accountability.

Need for GAO Audits

* % * we need the kind of audits and evaluations by GAO that will
enable Congress to feel confident that it is using its oversight function
to improve program performance in the Executive Branch as well as to
improve its own performance in the authorization and appropriation
process. This, to me, is one of the major challenges to the GAO in its

second 50 years.

10

James E. Webb
Former Administrator of NASA.

Speaking on “Leadership Evaluation in
Large Scale Efforts” during the GAO 50th
anniversary lecture series, September 17,
1971.
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Utilizing Engineering Principles

in Auditing

This article discusses a developing approach to auditing in
the GAO which incorporates industrial engineering principles.

In its auditing GAO is progressively
employing a systems approach, that is,
looking at an organization’s overall
performance, by combining industrial
engineering principles with traditional
audit practices. This interface of two
disciplines, engineering and auditing,
is proving to be a “giant step” in
GAO’s progress. To understand the re-
sponsibilities of industrial engineering
and to be able properly to evaluate
them is to better comprehend the
sources of many of our audit problems
relating to cost, performance, and
schedule. For areas of responsibilities
of industrial engineering see figure 1.

The responsibility of industrial engi-
neering is to translate an approved de-
sign into production hardware, the re-
sult of which directly determines the
effectiveness and efficiency of the pro-
duction program. This responsibility
includes selection of materials, proc-
esses, machine tools, machine load-
ing, and development of labor stand-

ards—{unctions that are essential to
the quality, reliability, production rate,
and cost of the finished product.
Program management, operations, and
financial management must, in fact,
rely on industrial engineering deci-
sions to attain their objectives. Many
programs, including those employing
sophisticated management techniques
(such as cost/structure breakdown),
are susceptible to early assessments by
using industrial engineering data in
comparability' studies.

In his paper, “Management or Oper-
ational Auditing,” presented to the 7th
International Congress of Supreme
Audit Institutions and reprinted in the
Winter 1972 issue of The GAO Re-
view, Comptroller General Elmer B.
Staats defined the total audit job as
consisting of financial auditing, man-
agement auditing, and program audit-
ing. Such a complete audit, he said,
“could be considered a comprehensive
audit of an organization’s overall per-

Mr. Marks is an industrial engineer in the Defense Division’s Special Projects Group.
He is a graduate of the University of Detroit and a registered professional engineer.
He has had considerable engineering experience in both private industry and the
Federal Government. He joined the General Accounting Office in August 1969 after
extensive experience in the Department of Defense and the Federal Aviation Agency.
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FIGURE 1
AREAS OF RESPONSIBILITIES OF INDUSTRIAL ENGINEERING

FUNCTIONS MAJOR APPLICATIONS

METHODS: INDUSTRIAL PLANTS

METHODS ENGINEERING WAREHOUSES

OPERATION ANALYSIS SHIPY ARDS

MOTION STUDY BANKS

MATERIALS HANDLING INSURANCE COMPANIES

PRODUCTION PLANNING HOSPITALS

SAFETY CONSTRUCTION PROJECTS

STANDARDIZATION MINING
WORK MEASUREMENT: :.GEIE?LTURE

TIME STUDY LIBRARIES

PREDETERMINED ELEMENTAL POST OFFICE

TIME STANDARDS DEPOTS

CLERICAL PROCEDURES GOVERNMENT AND MILITARY
WAGE PAYMENT: AEROSPACE

WAGE INCENTIVES TRANSPORTATION

PROFIT SHARING CONSUMER SERVICES

JOB EVALUATION AIRLINES

MERIT RATING
WAGE AND SALARY ADMINISTRATION

CONTROLS:
PRODUCTION CONTROL
INVENTORY CONTROL
QUALITY CONTROL
COST CONTROL
BUDGETARY CONTROL

PLANT FACILITIES AND DESIGN:
PLANT LAYOUT

EQUIPMENT PROCUREMENT AND
REPLACEMENT

PRODUCT DESIGN
TOOL AND GAUGE DESIGN

OTHER:
INDUSTRIAL RELATIONS
SUGGESTION SYSTEMS
MANAGEMENT RESEARCH

PREPARATION OF OPERATING
AND MAINTENANCE MANUALS
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formance.” He further observed that
the expanding role “of the independ-
ent, external governmental auditor
should embrace the following three as-
pects of management accountability:
Fiscal * * * Managerial * * * Pro-
gram accountability.” This threefold
accountability is definitely inherent in
the industrial management reviews
currently being made by GAO at con-
tractor plants and selected industrially
funded Government facilities.

Need for More Inclusive Audits

Severe financial difficulties in cur-
rent defense programs,
public criticism, and substantial cut-
backs in new development programs
suggest very strongly a need for more
inclusive audits of organizations’ over-
all performances. The Congress, in
fact, has been giving more attention to
and is more critical of Department of
Defense procurement. This attention
and criticism may well stem from two
basic facts: (1) approximately $24 bil-
lion or 75 percent of the defense pro-
curement dollar is expended on major
weapon systems and (2) these dollars
are contractually committed on a sole-
source, noncompetitive,
basis.

When true competition is available,
the Government can rely on the free
forces of the marketplace to assure fair
and reasonable prices. The Govern-
ment, however, can have little assur-
ance that today’s prices are fair and
reasonable from a competitive stand-
point when contractual practices
commit such an extremely large
amount of defense procurement dollars

mounting

negotiated
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on a sole-source, noncompetitive, nego-
tiated basis. Since new weapon systems
are always pushing the state-of-the-art,
configuration, performance, and costs
constantly  changing.  These
changes, of necessity, reduce the relia-
bility of the historical costs tradition-
ally used in estimating expenditures
for new systems. These variables give
rise to the need for the application of
all-inclusive management reviews as a
reliable method of identifying and
measuring the impact of the technolog-
ical breakthroughs on configuration,
performance, and cost of a system.

are

Nature of Industrial Management
Review

The industrial management review
currently performed by GAO involves
an examination and evaluation of all
phases of a contractor’s operation, in-
cluding program, financial, engineer-
ing, and operations management. The
primary objective is to identify in-
stances of omission or commission in
the planning, direction, control, or ad-
ministration of work under selected
Government contracts—instances which
compromise attainment of realistic
cost, schedule, and performance objec-
tives.

This management review will pro-
vide visibility of actual performance
against the job to be done, including
the identity of resources actually being
consumed or used. This will permit
management assessment of effective-
ness and efficiency of performance;
that is, a comparison of programmed
versus actual performance. Further, it

13
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will provide the basis for recom-
mending management improvements.

These omissions or commissions
may be attributed to the military de-
partment (system program office), the
contract management team, or the con-
tractor’s internal management. In
accomplishing the primary objective of
this review, it is not sufficient merely
to identify areas needing attention but
it is essential that the potential benefits
of the management improvements be
quantified whenever possible. For ex-
ample, in one contractor’s plant a re-
view team analyzed in detail the test
procedures and results of the firm’s
inspection program and determined
that more flexible test procedures were
needed. Both the contractor and Gov-
ernment quality assurance representa-
tives concurred in the findings, and, as
a result, a lot-sampling procedure was
adopted in place of a 100-percent in-
spection, with a potential annual sav-
ing of $1.1 million.

Some recommended management
improvements may be relatively easy

to effect, with the resultant savings
quickly realized; others may be more
difficult to achieve and, for this reason,
are more properly categorized as long-
term benefits. Nonetheless, in both the
short and the long term, benefits will
be realized on {follow-on contracts,
since the improvements relate to the
Government/contractor operations and
these are not limited to any specific
contract.

As indicated, the scope of this total
functional audit includes four major
areas of a contractor’s organization:
program, engineering, operations, and
financial management. The specific
functions to be considered within these
principal areas are shown in figure 2.
An in-depth review of each of these
functions, however, is not necessary
since the preliminary survey should
adequately identify the areas with the
greatest potential in terms of manage-
ment improvements and cost reduction.

This industrial management review
concept recognizes the interaction of
managerial functions—program, engi-

FIGURE 2

SCOPE OF INDUSTRIAL MANAGEMENT REVIEWS

PROGRAM MANAGEMENT ENGINEERING OPERATIONS FINANCIAL
OBJECTIVES DESIGN/SYSTEMS ENGINEERING MAMUFACTURING PRICING
PROGRAM CONTROL RELIABILITY/ MATERIAL/PRO- COST ESTIMATING

MAINTAINABILITY

CONFIGURATION INDUSTRIAL ENGINEERING
MANAGEMENT

CONTRACTS STANDARDS ENGINEERING

SUBCONTRACT TEST ENGINEERING
MANAGEMENT

DATA MANAGEMENT

COST/SCHEDULE/
CONTROL/
SYSTEM (CSCS)
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neering, operations, and finance (see
figure 3)—and thereby differs basi-
cally from the traditional financial
audit by examining into the contrac-
tor’s mode of operation, management,
and production practices which are the
factors that generate the costs. This
type of review continues to utilize tra-
ditional concepts of price-proposal
evaluation and also includes evalua-
tion of such factors as plant lay-
out, labor standards, material/produc-
tion control, quality assurance, manu-
facturing practices, and configuration
management. In effect, the more inclu-
sive management review INTE-
GRATES and ORCHESTRATES the
traditionally separate financial, mana-
gerial, and program audits with the
engineering discipline. In a word, a
more realistic and accurate picture of
a contractor’s performance is thereby
obtained because it makes visible the
interplay among the functions. It
should also be pointed out that while
the immediate opportunity for the
Government to benefit from the appli-
cation of this type of review is
through its use in the preaward evalua-
tion of a contractor’s proposed price,
GAO recognizes that these concepts
can also be beneficial to both the con-
tractor and the Government in a post-
award evaluation of a contractor’s per-
formance.

Team Approach to Industrial
Management Reviews

The management review team en-
gaged in this study should, as a mini-
mum, include personnel with experi-
ence in indusirial engineering (pro-

ENGINEERING PRINCIPLES IN AUDITING

duction methods, labor standards, con-
figuration management, etc.) pricing,
procurement procedures and regula-
tions, organization and managerent,
and audit techniques. Since, however,
GAO has limited expertise in some of
these areas, an overriding considera-
tion must be the motivation and dedi-
cation of the auditors assigned to this
review. Those who approach the task
with a preconceived notion of under-
taking just another pricing review are
not likely to constructively analyze the
contractor’s overall operations or the
Government’s contract administration
practices. On the other hand, those
individuals who are objective, who
possess creative ability, and who are
self-starters are best suited for this
type of a review.

To make more effective use of the
specialized disciplines essential to this
type of management review, GAO is
developing a Washington-based cadre
to provide the regional offices with the
necessary iraining, direction, and on-
going consultation in the specialized
fields of industrial engineering and
program management.

Importance of Cooperation

To encourage cooperation on the
part of the contractor, every effort is
made during the review to be open and
frank with the contractor’s manage-
ment personnel. Periodic meetings are
held with top and middle management
to keep them informed of the findings
and advise them of any problems.
These meetings are intended to give all
concerned a better understanding of
the areas under review and to encour-

15
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age contractor management to con-
sider and be responsive to the findings
as they are developed.

Scope of an Industrial
Management Review

During the survey phase of the in-
dustrial management review, it is de-
termined which of the principal areas
of organization, program management,
engineering, operations, and finance
should be reviewed in depth. To illus-
trate the penetrating look given these
areas, program management and engi-
neering have been selected to typify
this approach.

Program Management.—In our ap-
praisal of the Government/contractor
program management procedures, the
review team is alert to a number of
areas where management improve-
ments might be made and cost savings
realized, as:

® Program flexibility

® Cost control

® Timely decisionmaking

¢ Responsibility assignments

¢ Directives

® Program interface and program
integration

® Specifications

While the effect on cost of one or more
of these areas is self-evident, estimates
of the savings resulting from manage-
ment improvement may be difficult.
Particular attention is given to identi-
fying the following conditions on
which improvements will result in
quantifiable cost savings:

® Duplication of effort

ENGINEERING PRINCIPLES IN AUDITING

¢ Idle time resulting from slippage
of internal schedules

® Rework and redesign resulting
from incomplete design and/or
specifications

® Delays due to lack of accomplish-
ment of program elements

¢ Unsatisfactory vendor parts and/
or material

® Incompatibility of subsystems

¢ Degradation of performance

o Slippage of system schedules

Engineering. — In determining
whether the contractor’s design/sys-
tems engineering eflectively incorpo-
rates operability, producibility, main-
tainability, and reliability into product
design, we review and assess the ade-
quacy of the total engineering effort.
Although engineering functions differ
in the type of technical talent required
in their performance, much of their
efficiency will be dependent on the ex-
pertise of management and the type of
work/schedule control system that is
used to administer and evaluate indi-
vidual and group performance. It is
equally important that we review not
only the tasks which are performed
and the efficiency with which they are
performed but also determine how es-
sential the tasks are to the total pro-
gram. Elimination of unnecessary, un-
productive engineering efforts can, and
often does, reduce costs substantially.

GAO's Current Industrial
Management Review Activities

In May 1969, the Subcommittee on
Economy in Government, Joint Eco-
nomic Committee, recommended that

17
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GAO study the feasibility of incorpo-
rating the concepts of this approach
into its audit of contractor perform-
ance.

In our May 1970 report to the Con-
gress (B—159896), we concluded that
it was feasible for GAO to use this ap-
proach and that we planned to make a
trial application to test this approach.
The results of our trial application
were reported to the Congress on Feb-
ruary 26, 1971 (B-159896). Our re-
port cited a number of areas where in-
creased management attention by the
contractors could result in lower cost
to the Government. We also pointed
out instances where Government con-
tracting or administration practices ad-
versely affected contract costs.

Currently, several industrial manage-
ment reviews are being performed at
contractors’ plants and at industrially
funded Government facilities. The
value of the approach continues to be
demonstrated in terms of potential sav-
ings accruing from the review team’s
recommended management improve-
ments. For example, a GAO investment
of $83,000 in an industrial manage-
ment review netted a return of $12
million  potential saving
through management improvements
and a potential saving of $100 million
in excess inventory. Another GAO re-
view cost about $70,000 to develop a
potential annual saving of $2.8 mil-
lion, or about 10 percent of the con-
tractor’s net sales. In a third instance,
a GAO finding that some $1.2 million
in a contractor’s operating costs was
due directly to the fact that 72 percent
of the Government-owned machine
tools were totally inefficient by reason

annual

18

of age and condition led to the replace-
ment of this equipment by the Defense
Production = Equipment
Center. It is important to realize that

Industry

all unnecessary contract costs are not
the fault of the contractor as demon-
strated by the last example.

Over and above the benefits shown
in the few examples cited, GAO is con-
ducting these management reviews for
additional reasons. GAO is called upon
by the Congress to conduct followup
reviews of Department of Defense in-
dustrial management studies in order
to (1) determine the nature and extent
of the potential savings identified by
the Department’s studies, (2) deter-
mine the resulting benefits obtained by
negotiation of reduced contract prices,
and (3) assess the continuing efforts
by both the contractor and the Govern-
ment to realize the long-term potential
benefits identified by the Department’s
studies. Further, these reviews provide
GAO with an abundance of meaningful
and convincing data with which to en-
courage and persuade the military
services to conduct such management
reviews in the prenegotiation phase of
all sole-source, noncompetitive con-
tracts, to the extent of available re-
sources.

Additionally, it is our objective to
collectively analyze the findings of the
Department of Defense and GAO in-
dustrial management reviews and iden-
tify those problems that are common
to a majority of contractor organiza-
tions which can be corrected or mini-
mized by sound contractual changes.
Such corrective action would affect
other contractors doing business with



the Government who possibly would
never be subjected to industrial man-
agement reviews due to the limited
available resources to conduct such re-
views.

The timeliness and need for this sys-
tems approach to auditing is supported
by the January 13, 1972, issuance of
the DOD Directive 5010.15, “Defense
Integrated Management Engineering
Systems,” which has the following
stated objectives: (1) improve labor
productivity through application of
management engineering principles
and techniques and (2) provide a

ENGINEERING PRINCIPLES IN AUDITING

common base of work measurement
and productivity data which can be
used in the development of budget esti-
mates and manpower requirements, in
work planning and control, in the de-
velopment of productivity performance
indexes relating outputs to inputs, and
for other management purposes.

The better GAO understands the
causes of the problems relating to cost,
performance and schedule, the more
constructive its recommendations to
the Congress and the departments and
agencies concerned with resolving
these problems are likely to be.

Let us recognize that the only thing demeaning in America is for one
man to refuse to work and to let another man who does work pay taxes

to keep him on welfare.

President Richard M. Nixon

Speaking at the AFL-CIO Ninth Constitu-
tional Convention, Bal Harbour, Fla., No-
vember 19, 1971,
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Delphi—Systematic Opinion-Gathering

As the General Accounting Office devoles increasing attention
to evaluating the results of Government programs, it seems
likely that greater reliance will be placed on the collective
Judgments or opinions of experts both within and outside the
Office. This article discusses an emerging tool for obiaining

and using such opinions.

Opinion has long been a subject of
interest to the auditor. As related to
the portion of his work concerned with
reporting on the financial condition of
a corporation or other entity, the audi-
tor’s opinion has a highly formal and
precise significance. In other aspects of
his work, although of perhaps less for-
mal significance, opinion is nonethe-
less a present and important element,
be it his own or that of someone whose
efforts are being audited. This article
discusses an aspect of opinion that has
probably been of less importance to
the auditor in the past than it will be
in the future, namely, that of the
collective opinion of a group of people
having knowledge relevant to a specific
question. More specifically, as the title
implies, this article is a discussion of
Delphi, a name given to a method of
eliciting and refining the opinions of a
group of people usually referred to as
experts.

Origin

Delphi originated in the early 1950’s
at the RAND Corporation, Olaf Hel-
mer and Norman Dalkey having re-
ceived major credit for its develop-
ment. The name Delphi? was coined by
Abraham Kaplan, a philosopher who
coauthored the original paper in the
area in 1950.2

In its circa-1950 form, the work at
RAND in the field of opinion-gather-
ing was primarily concerned with im-
proving the use of group information.
In 1953, Dalkey and Helmer intro-
duced a new feature to the process of
eliciting the information, and it was
this innovation that came to be known
as Delphi. The feature added by

1 The name refers to the ancient Greek town where
the oracle of Apollo was consulted regarding the future.
The name was chosen because the technique was orig-
inally thought of as a forecasting method.

2 A. Kaplan, A. Skogstad, and M. A. Girshick, “The
Prediction of Social and Technical Events,” Public
Opinion Quarterly (Spring, 1950), pp. 93-110.

A previous contributor to The GAQ Review (“Weapon Systems Cost-Effectiveness
Studies,” Spring 1971), Mr. Wright is an operations research analyst in the Division
of Financial and General Management Studies.
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Dalkey and Helmer was iteration with
controlled feedback, or stated another
way, requesting each respondent’s
opinion not once, but several times,
with each respondent each time being
given a summary of the group’s pre-
vious answers and thus an opportunity
to reconsider and possibly revise his
previous response.

Rationale

Delphi has been developed as,
among other things, an alternative to
the committee or face-to-face discus-
sion method of arriving at a group
opinion. Dalkey cites three major
difficulties presented by the group dis-
cussion approach as disclosed by
RAND experiments.

In these experiments, some of the biasing
effects that have stood out are: (1) The
influence of dominant individuals. Often, the
group opinion is essentially determined by the
opinion of the individual who talks the most,
and there is little relation between volubility
and ability. (2) Noise. A group is a social
situation, and much of the interchange is
more involved in maintaining the group than
in furthering the problem to be solved. (3)
Group pressure for conformity. The timid
member may have little or no influence on the
group, irrespective of his competence.®

Advocates of Delphi seek to avoid
these sources of bias by the use of
Delphi’s three essential characteristics:
anonymity, iteration with controlled
feedback, and a statistical “group re-
sponse.” Anonymity is provided by the
use of questionnaires or other methods
of communication by which it is possi-
ble to avoid associating specific re-

3 N. Dalkey, Predicting the Future, The RAND Cor-
poration, P-3948 (October, 1968) .
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sponses with specific respondents. In
this way the problem of the dominant
individual is avoided. As previously
indicated, iteration with controlled
feedback simply means eliciting each
respondent’s opinion several times,
each time “feeding back” to him in
summary form the results of the pre-
vious series of replies. By “control-
ling” the feedback and limiting it to
essentials, the nonessential considera-
tions, referred to by Dalkey as noise,
are eliminated. The use of a statistical
average of the final individual opin-
ions as the group opinion reduces pres-
sure toward conformity and also serves
to reflect each member’s opinion in the
“group” opinion.

Techniques

In the preceding section the essential
characteristics of Delphi were men-
tioned. These characteristics are also
techniques, and, indeed, Delphi itself is
nothing more than a technique. One
might then question the need in this
article for a section on techniques. I
believe, however, that, in order to gain
a more complete familiarity with Del-
phi, the reader should be exposed to a
specific example which can provide
a basis for citing some possible
modifications to the basic technique.
The example 1 shall use is a question
cited by Bernice Brown of RAND who
selected it from among those used in a
long-range forecasting study reported
on by Helmer.* The question is “What
will the world population be in the

4+ T, Gordon and O. Helmer, Report on a Long-Range
Forecasting Study, The RAND Corporation, P-2982
{September, 1964).
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year 2000?” The following is Bernice
Brown’s simplified description of the
elicitation of responses to this ques-
tion.

In the first questionnaire, all respondents
would be asked to record their estimate of
the world population in 2000. Each respond-
ent would also be asked to assign a number
1, 2, 3 or 4 as a relative rating, using 1 for
the relatively most competent. This score
would constitute a self-appraisal. A respond-
ent would be expected to look at all the
questions in the set and assess his relative
competency in each one. The information
from these responses which would furnish
feedback data for the second interrogation
would be the median and the interquartile
range (ie., the middle 50 percent of the
responses).

In the second round, respondents would be
asked to reconsider their estimate and revise
it if they desired. They would also be asked
to give the reasons for the estimate and state
what factors were considered in obtaining
the answer. They may also be asked to de-
scribe the rationale that led them to a revi-
sion of their original estimate. Some of the
reasons given for population estimates at the
low end of the scale were (a) rapid increase
in use and effectiveness of birth control meas-
ures, (b) increased economic prosperity, (c)
progress in welfare and education in the
developing nations and (d) attrition due to
war and disease. Among the reasons for high
estimates were (a) medical advances result-
ing in lower death rates, (b) insufficient
acceptance of birth control measures, (c)
development of centralized world government
providing efficient distribution.of food, shel-
ter and services and (d) advances in agricul-
ture. Participants indicated that they pro-
jected birth rates and death rates and net
growth rates in arriving at the population
estimates.

In the third questionnaire, the median and
interquartile range of the previous round
would be given along with a summary of
reasons for high and low population esti-
mates. Participants would be asked to give a
critique of the reasons offered by members of
the group and to specify which arguments
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were found to be unconvincing and why. Re-
sponses to the third round included estimates
that the death rate would drop from 19 per
1000 to a figure between 10 and 17 per 1000
and that birth rates would decline from 36
per 1000 to a figure between 15 and 26 per
1000.

In the fourth round the median and inter-
quartile range of the previous round would
again be used as numerical feedback. The
counter-arguments against reasons for high
and low estimates would be summarized. Ma-
jority and minority opinions on the projection
of death rates and birth rates would be
described and respondents then asked to re-
consider the pros and cons presented and
give a final, possibly revised, estimate of the
world population in the year 2000.

Each respondent would also be given an
opportunity to revise his own relative compe-
tence rating.

The median of these final responses would
then be taken to represent the group re-
sponse on the required answer.’

The procedure just described does
not constitute a completely fixed mode
of operation of Delphi. Modifications
are possible and some have been dis-
cussed and iried. For example, the
self-appraisal could be eliminated.
Also, as pointed out by Bernice Brown,
the respondents could be asked to fur-
nish a list of subsidiary questions, the
answers to which they believe would
be helpful in arriving at a “good” esti-
mate. The answers to those subsidiary
questions could then be either esti-
mated by the respondents in the next
series of replies or provided by an ex-
ternal researcher.

Another aspect susceptible to modi-
fication is the feedback of group re-
sponses. Rather than requesting each
respondent to cite the reasons for his

5 B. Brown, Delphi Process: A Methodology Used for
the Elicitation of Opinions of Experts, The RAND Cor-
poration, P-3925 (September, 1968) .



estimate, only those whose estimate
was either extremely high or extremely
low could be so requested. Extremely
high or extremely low might be inter-
preted as those in the top or bottom
quartile. It has also been suggested
that with the exception of factual in-
formation, such as that provided by
the external researcher, the feedback
of anything other than a quantitative
representation of the previous round’s
response might not be of much value.5

Experimental Uses

Several experiments with Delphi
have been conducted both at RAND
and elsewhere. In this section I shall
mention a few of these and their re-
sults. Later in this article some non-
experimental applications will be cited.

In 1964 an experiment was con-
ducted using RAND staff members as
respondents. In that instance “almanac
type” questions for which numerical
answers were available were used. This
experiment compared two groups, one
receiving feedback and one not. The
results were that the group to which
feedback was provided achieved a
sharper consensus than did the other
group but did not achieve a more
accurate answer than did the group
which received no feedback.”

In 1968 a more extensive series of
experiments of the same type was con-
ducted by RAND staff members, but
this time upper class and graduate stu-

9N. Dalkey, ‘“Analyses From a Group Opinion
Study,” Futures (December, 1969), pp. 541-551.

7 B. Brown and O. Helmer, Improwing the Reluability
of Esumates Obtained from a Consensus of Experts, The
RAND Corporation, P-2986 (September, 1964).
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dents from UCLA were respondents.
These experiments were designed to
compare face-to-face discussion with
controlled feedback and to evaluate
controlled feedback as a technique for
improving group estimates. The overall
results of these experiments—there
were 10 experiments involving almost
5,000 answers to about 300 questions
on each of several rounds—as reported
by Dalkey “indicated that, more often
than not, face-to-face discussion tended
to make the group estimates less accu-
rate, whereas, more often than not, the
anonymous controlled feedback made
the group estimates more accurate.” ®
Similar results were obtained in a sep-
arate study, conducted by Campbell, in
which the respondents were called
upon to make short-range forecasts of
a set of 16 economic indexes.?

Opinion Categories

In the experiments just cited, the
participants were asked for opinions
regarding factual material. Similarly,
in most of the nonexperimental uses of
Delphi that have taken place, questions
requiring factual judgment have been
asked, frequently in the form of re-
quests for predictions. Typical of these
are Delphi exercises designed to de-
velop group estimates of the dates by
which specific events will take place.1?
A particular area of interest in this
regard is technology forecasting. An

8 N. Dalkey, ‘“‘An Experimental Study of Group Opin-
10n,"” Futures {(September, 1969), pp. 408—426.

¢ R. M. Campbell, ‘A Methodological Study of the
Utilization of Experts in Business Forecasting,” Ph. D.
dissertation, University of California, Los Angeles, 1966.

19R. H. Ament, *“Comparison of Delphi Forecasting
Studies 1n 1964 and 1969,"" Futures (March, 1970), pp.
35—44.
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example of this kind of Delphi applica-
tion is a study conducted by TRW,
Inc., to predict the company’s operat-
ing environment over a 20-year pe-
riod. A cross section of company per-
sonnel was asked to predict the dates
of occurrence of events having signifi-
cant impact on their areas of technical
interest. The resulting predictions
serve as information sources for plan-
ning purposes.!!

Although the ability to tap opinion
resources regarding these factual kinds
of judgments is of great value in a
planning context, there is another kind
of opinion or judgment that seems of
at least equal importance to decision-
makers seeking “expert” advice. This
is the area of value judgments. Here I
am referring to opinions on such ques-
tions as the relative desirability of
various possible goals or objectives.
Delphi has been used experimentally
at RAND in the value area, with gen-
erally favorable results thus far.'?

In some less experimental uses, Del-
phi has gathered and refined combina-
tions of factual and value judgments.
In 1966 the technique was used in a
wide-ranging study at the Institute of
Government and Public Affairs at
UCLA entitled “Innovation in Educa-
tion.” In that study Delphi respondents
were asked to suggest education values
that had not received appropriate atten-
tion, determine needed changes in eda-
cational policy or practice, and sug-
gest areas for research. Additionally,
in the final round respondents were

1 H. Q. North, TRW Looks at the Future, TRW Sys-

tems, Inc., 1967.
12 N, Dalkey and D. Rourke, Experimental A 3

asked to estimate the costs of each of
the  many being
examined.’® In another policy area,
that of civil defense, a Delphi exercise,
reported in May 1970, was the vehicle
used to obtain group judgments as to
desirable and feasible courses of
action.14

innovations

Potential Uses in GAO

As can be seen from much of the
preceding discussion, Delphi has been
generally viewed as having application
in the area of planning or forecasting.
It is in this area that the “expert” has
been traditionally called upon, for the
obvious reason that there is a limit to
the amount of “knowledge” that can
be said'to exist about the future and
thus it is necessary to resort to reliance
upon “opinion.” Since it is “opinion”
that Delphi is concerned with eliciting
and refining, its relevance to the plan-
ning or forecasting area is obvious.

In examining the potential useful-
ness of Delphi to the General Account-
ing Office, the application that seems
most obvious is that of long-range
planning. In that context Delphi might
be employed at the highest levels of
the Office in eliciting the advice of per-
sons both within and outside GAO on
matters having impact on future direc-
tions of effort and the resulting quanti-
tative and qualitative staffing require-
ments.

13 M. Adelson, M. Alkin, C. Carey, and O. Helmer,
“The Education Innovation Study,” American Behav-
ioral Scientist, Vol. 10, No. 7, 1967.

W E. Paxson, 4 Delph: Examination of Civil Defense:
1. ¢ s, Issues, and Arguments, The RAND Corpo-

of Delphi Procedures With Group Value Judgments, The
RAND Corporation, R-612-ARPA (February, 1971).
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Apart from such long-range and
continuing applications, I can envision
Delphi being a useful tool in specific
GAO assignments. The Comptroller
General has recognized the important
role that expert consultants can play in
the work of the Office and has an-
nounced his intention to increase their
use in the future.’® In many instances
the consulting needs of a GAO assign-
ment will be best met by the use of one
or two experts working on a day-by-
day basis either in close contact with
the audit staff or on a completely sepa-
rate portion of the work for which
they assume significant responsibility.
Delphi would not seem to be particu-
larly useful in such situations. Where
this kind of day-to-day “work” is not
what is required from consultants,
however, but what is needed is more in
the nature of interpretive reactions to
what the audit staff is finding and
advice in the development of recom-
mendations, Delphi seems eminently
relevant.

An additional way in which Delphi
might usefully be applied by the Office
would be as a means of discovering
and, at least in a limited sense, evalu-
ating alternative actions in program or
policy areas about which little “hard”
knowledge exists as to the results that
might ensue from specific actions. I
might mention here that at present it
appears that there is not a scarcity
of program and policy areas that fit
this description.

The approach to which 1 am refer-
ring is similar to that taken in the
previously mentioned educational in-

8 Elmer B. Staats, ‘‘Management or Operational Au-
diting,”” The GAO Review (Winter, 1972), pp. 25-35.

DELPHI

novation study. There, the suggested
innovations were, in the final Delphi
round, “costed out” in some highly
inexact sense. Extending the Delphi to
the estimating of costs of each alterna-
tive results in an attempt at a cost-
effectiveness analysis. Briefly, the steps
are: (1) the identification of appar-
ently feasible alternative courses of
action, (2) some estimate of the con-
tribution of each to the achievement of
the objective being sought—perhaps in
the form of a ranking rather than that
of a quantitative estimate, and (3) es-
timates of the cost of each alternative.
An analysis such as that just de-
scribed might not seem to be of great
validity. If an informed and broadly
representative panel were selected,
however, the resulting analysis would
probably be of at least equal validity
to that done, either explicitly or
implicitly,!® by any one knowledgeable
person or a group representing a sin-
gle point of view, such as that of an
agency charged with responsibility in
the program or policy area of interest.
There might be many instances in
which it would not be necessary to
extend the Delphi through all of the
steps outlined above. For example, the
cost estimating portion might best be
carried essentially “in-house,”
after the Delphi respondents had iden-
tified the feasible alternatives. In stud-
ies of broad policy areas, it is perhaps
at this “get a handle on the problem”
level that Delphi can make its greatest
contribution to GAO’s efforts.

out

18 If a choice of one alternative is made without any
analysis, the ‘‘choice-maker” can be said to have im-
plicitly performed an analysis that indicated that the
alternative he selected was the best available.
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In any discussion of Delphi’s “usa-
bility” the question of its time con-
sumption proclivities must be faced.
The time required to process the infor-
mation developed during a Delphi ex-
ercise of three or four rounds can be
considerable. To a great extent, how-
ever, this problem might be mini-
mized in the future through the use of
computers. Respondents having access
to computer terminals could, while
maintaining the anonymity associated
with Delphi, respond, either quickly or
at their leisure, to questionnaires sent
to them via the computer terminals.
An initial attempt in this general direc-
tion was carried out in 1970 under the
direction of Murray Turoff of the Office
of Emergency Preparedness.l” This
kind of communication system, which
Turoff chose to call Delphi conferenc-
ing, seems to offer the possibility of
uvolving regional and Washington
GAO personnel as well as external “ex-
perts” in an exploration of wide-scope
questions.

Cautions

After suggesting these uses of Del-
phi, 1 should add a few cautionary
comments lest this article be construed
as a call for immediate and widespread
adoption of the technique by the Gen-
eral Accounting Office. First, I would
emphasize that although it is widely
used—IBM, the National Industrial
Conference Board, Xerox Corporation,
and the American Accounting Associa-
tion’s Comparative Practices Study

17M. Turoff, Delphi Conferencing, Executive Office of
the President, Office of Emergency Preparedness, Tech-
nical Memorandum 125 (March, 1971).
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Committee are among organizations
that have employed it—Delphi should
still be regarded as experimental, cer-
tainly in other than forecasting appli-
cations. For this reason, the Office at
this time might best attempt its use on
an experimental basis on one or a few
carefully selected assignments. In this
way the feasibility of using Delphi or
selected features thereof in the work of
the Office could be operationally as-
sessed. An additional comment that
should be made here is that in any
comprehensive exploration of a signifi-
cant policy area Delphi would proba-
bly serve as an adjunct to one or more
of a wide variety of other techniques
rather than as the sole information-
producing vehicle of the review.

One aspect of the technique to which
I have devoted insufficient attention
thus far in this article is that of the
demands placed upon those directing
the exercise. As is the case with many
of the new techniques currently becom-
ing available to the auditor, Delphi is
unfortunately not automatic. It re-
quires the not insignificant effort of
developing the original and subsequent
questionnaires, some careful pruning
in choosing “feedback” material and,
perhaps more importantly than might
initially be assumed, knowing when to
“quit” the exercise. These requirements
all precede the important one of effec-
tively using the results.

Conclusion

Now that 1 feel I have added the
appropriate balance, 1 should sum up
what I think Delphi represents. In my
view, it is a significant improvement



over the face-to-face discussion method
of obtaining a group opinion. As such,
it represents a new and potentially use-
ful device for capturing “information”
that has always been recognized as im-
portant, namely, the opinion, judgment,
or intuition—choose your term—of
people who are knowledgeable in the
area being studied. Although we some-

DELPHI

times don’t think of it in these terms,
I believe that our role as auditors or
analysts—again, choose your designa-
tion—is essentially one of providing
relevant and coherent information, usu-
ally to our congressional decision-
makers. Delphi, I believe, offers an

opportunity to enhance our ability to
fulfill this role.

GAO's Value and Importance

* %

you are engaged in a highly satisfying form of public endeavor.

You search for the imperfections in Government in order to make
Government more efficient and effective. You help to shore up the
foundations of Government, to strengthen its bearing walls, to repair
its cracks and crevices, to smooth its rough edges, to make it habitable

and enduring.

Your work is important above all for the assurance it gives to the
citizens of this democracy that the Congress has created and works with
an institution that keeps an eye on the executive branch and worries

about the taxpayer’s dollar.

Representative Chet Holifield

Chairman, House Government
Committee.

Operations

Speaking at GAO honor awards ceremony,
June 11, 1971.
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GREG DONNELLON AND GINGER EASTIN

Using the Time-Sharing Computer
in Management Reviews

GAOQ’s experience and progress in using the time-sharing
computer to analyze pertinent date in evaluating traffic
management practices of Federal agencies are reviewed in this
article. It is based on a video presentation of the subject to

the Comptroller General’s Program Planning Committee in

November 1971.

introduction

The Transportation and Traffic Man-
agement Review Branch of the Trans.
portation Division has turned to the
time-sharing computer to more effec-
tively evaluate trafic management
practices and problems in Federal
agencies. Because of the cumbersome
form in which raw transportation data
is available, a process of refining is
necessary to produce meaningful statis-
tics. We find that the time-sharing
computer is uniquely adaptable to
achieve the desired results.

In the time-sharing system, each
user has a teletype (terminal) which is
connected by telephone to one central
computer. The user can write his own
programs or use library programs writ-
ten by systems analysts of the time-
sharing companies. The library pro-

grams are available to users of the
time-sharing service without additional
charge—the user has only to adapt his
data to the specific requirements of the
programs. The cost to run these pro-
grams ranges from $8.00 — $12.00 per
hour besides a minimum monthly
charge for use of the terminal.

Our first attempt in using the time-
sharing computer was to perform sta-
tistical analysis, using a library pro-
gram in the time-sharing computer sys-
tem. This application led us to search
for additional instances where use of
computer analysis would prove fruit-
ful. As a result, we found many differ-
ent areas for these applications, but
the conditions of these applications re-
quired us to develop our own pro-
gramming skills, rather than rely ex-
clusively on library programs,

Mr. Donnellon and Miss Eastin are management auditors in the Transportation
Division. They joined GAO in 1970 and hold B.S. and B.B.A. degrees from Tri State
College and Wake Forest University respectively. They are both pursuing masters
degrees at The George Washington University.
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Initially, programming assistance
was provided by the Financial and
General Management Studies Division.
Members of the FGMS staff provided
us with elementary manuals for pro-
gramming in the beginners’ all-purpose
symbolic instructions code (BASIC)
language. The interest of other Trans-
portation Division staff members in
our initial programming efforts caused
us to arrange special computer classes
for 28 members of our staff. Each per-
son received a total of 24 hours of
instruction in the use of the time-shar-
ing computer and the BASIC program-
ming language. We are investigating
other time-sharing computer courses
we can use to advance our capability

TIME-SHARING COMPUTER USE

in this area. To date, we have found
applications for the time-sharing com-
puter in connection with three of our
current reviews.

Ammunition Freight Rate Study

In a study of Government transpor-
tation rates, we found that the Depart-
ment of Defense spends about $300
million annually to transport ammuni-
tion within the continental United
States. The objective of our review was
to determine the reasonableness of the
transportation rates paid to rail and
motor carriers for these shipments. As
a basis for determining the reasonable-
ness of the rates, we decided to con-

GAQ Watchdog Photo
The authors, Miss Eastin and Mr. Donnellon, utilizing the time-sharing computer.
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struct a “should be” rate, which is the
carrier’s fully distributed cost—the
sum of constant and variable costs—
for each shipment. The “should be”
rate was developed using statistics ob-
tained from rail and motor cost guides
published by the Interstate Commerce
Commission (ICC), compiled from fi-
nancial data furnished by the carriers.

Our problem was to construct
“should be” rates on selected ammuni-
tion shipments from 33 origin ship-
ping points to three destination ports
of embarkation. We also wanted to
compare the “should be” rate with the
actual rate charged the Government to
determine the potential savings. We
made about 600 computations, each of
which would have required about 214
man-hours using a high-speed desk cal-
culator. Since the total time to do these
calculations would have been about
188 man-days, we wrote a program to
compute each of these “should be”
rates in our analysis for use on the
time-sharing computer. The result was
a saving of about 180 man-days, plus
error-free results.

Incorporated in our computer pro-
gram was the ICC Cost Guide data for
rail and motor carriers and the 1CC
formula used to compute the “should
be” rates from this data. We had to
supply the data for the weight and
mileage of each shipment for our pro-
gram. The ICC Cost Guides divide the
United States into territories, each
with different cost statistics. We had
to determine the total mileage of our
shipment from tariffs and mileage
guides by applicable territory. Then,
depending on the type of carrier equip-
ment and the weight of the shipment,

30

we used the terminal to compute the
out-of-pocket costs and constant costs
for the entire shipment. The sum of
the out-of-pocket costs and constant
costs is the fully distributed cost of the
shipment or the “should be” rate.

We wrote another program for the
time-sharing computer to compare the
“should be” rates with the lowest rate
offered by the carrier for the particu-
lar shipment. This program also deter-
mined the potential dollar savings by
the Department of Defense through the
use of the “should be” rates. We esti-
mate that approximately 142 man-days
were saved by using the time-sharing
computer for this analysis. We found
that the Department can realize sub-
stantial savings if rates can be negoti-
ated that are more closely aligned with
the carrier’s fully distributed cost or
“should be” rate. This program was
written with the intention of using the
final printouts as schedules in the re-
port with the headings and columns
titled and all data organized in appro-
priate columns. (See sample on p. 31.)

We have furnished the Department
of Defense a copy of these computer
programs for its use in monitoring the
reasonableness of carriers’ rates with a
minimum expenditure of manpower,

Department of Agriculture
Freight Rate Study

Our experience gained from the am-
munition freight rate study suggested
that a similar cost comparison could
be made on a cross section of rates
used by the U.S. Department of Agri-
culture (USDA).
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DESTINATINON BANGIR» WASH

POINT COoM=- AEIGHT =--=- ACTUAL =-=-- -= SHAULD BE =-- DOLLAR PROFIT

oF MBDITY iooo RATE CHARGE RATE CHARGE DIFF. PER=-
ORIGIN NUMBER LBS. S/CAT » 3 S/CAT. s 3 CENT
CRANE 5940 251592 350 3303752 1.14 2368159 39373593 207.0
DEFENS 5930 3819 297 251941 149 131411 130529 992.3
DAYLIN 5930 9527 2 B85 274395 175 166733 107662 5445
DOYLIN 6030 10198 2.3% 293712 175 173471 113241 5446
HAYWZG 35700 5490 3.10 170190 1.52 8344% BAT42 1039
LACITY 5930 12741 3.10 394934 1.17 149074 243909 16340
PARSON 5930 386945 3.12 2767335 1.16 1026531 17384534 1690
WBURLL 5930 10530 2499 314360 «99 1N4251 210609 202.0

We attempted to circumvent the ne-
cessity of looking up mileages in rail-
road tariffs and routing guides by com-
paring a random sample of mileages
between selected points in the United
States for both railroad and high-
way distances. We already had availa-
ble a computerized version of Rand
McNally’s Household Goods Carrier’s
Bureau Mileage Guide, and we wanted
to determine whether an adjustment
could be made in the highway mile-
ages to accurately correspond with the
rail mileage. We used a library pro-
gram on regression analysis to adjust
highway mileage figures from our
sample to approximate rail mileages.
We then compared the computed rail
mileage with the actual rail mileage
derived from the tariffs. However, we
decided not to use the Household
Goods Mileage Guide because the rail
mileage calculated by using the regres-
sion analysis did not approximate the
rail mileage with a sufficient degree of

accuracy to be used as a basis for fu-
ture calculation.

The program utilized on the ammu-
nition freight rate study was then modi-
fied to work with the available data
from USDA. For our study of “should
be” rates by USDA, it was necessary
to use a random sample of the total
shipments made by USDA in 1 year.
Because the basic objective was to find
whether or not the *“should be” rate
was below the billed rate, we decided
to use a statistical test of hypothesis.

This test analyzes possible sampling
error in either the billed rates or the
“should be” rates. Although there is a
library computer program available to
perform this test of hypothesis, we de-
cided it would be easier to incorporate
this analysis into our program to calcu-
late the “should be” rates. Through
this method, we would be able to de-
termine if the difference between the
billed rate and the “should be” rate is
substantial and not related to sample
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error. Since this review is currently in
progress, we have only analyzed 25
shipments out of a sample of 250. How-
ever, we estimate that 15 man-days
have been saved to date with a poten-
tial saving of at least 150 man-days
through using the time-sharing com-
puter on this job.

Inventory of Government
Programs Affecting the
U.S. Merchant Marine

In this review, we identified various
Cargo Preference and Economic As-
sistance Programs under which Gov-
ernment overseas shipments are made.
We collected data from some 20
Government agencies involved in ship-
ping or arranging for shipments of
various commodities overseas. One ob-
jective was to determine what these
programs cost in appropriated dollars
by limiting the use of lower cost for-
eign flag vessels.

Because of the large number of ship-
ments by each agency, we first used
statistical sampling to calculate the
total tonnage and transportation
charges. We had to decide the percent
of accuracy needed in our analysis. We
then used a library program of the
time-sharing computer system to deter-
mine our required sample size. How-
ever, the needed sample size was al-
most the same as the total universe
size; as a result, statistical sampling
was not feasible in this analysis.

Because of the volume of shipments
we had to analyze—for example, 5,300
from the Department of Agriculture
alone—the time-sharing computer
proved the ideal mechanism for our
study. We found weight factors in dif-
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ferent units of measurement: long
tons, short tons, metric toms, cubic
feet, pounds, gallons, hundredweights,
and bushels. We wrote a computer pro-
gram to convert these weight factors to
a standard unit of measure and to de-
termine the total tonnage and total
transportation charges by agency and
program. We estimate that we saved
59 man-days by using the time-sharing
computer on these agriculture ship-
ment statistics alone and computations
were accurate.

We plan to compare this informa-
tion with our estimate of what it would
have cost if these shipments could have
been made on available foreign flag
vessels to determine what the cargo
preference acts are costing in appro-
priated dollars.

Conclusion

Since many of the transportation
management reviews involve the iden-
tification of transportation costs or
comparisons between rates of different
carriers or modes of transportation,
the use of the time-sharing computer
has simplified our work. The time-
sharing computer has enabled us to
use more sophisticated statistical tech-
niques, achieve greater accuracy, and
expand the scope of our reviews. In
the process, it has reduced the man-
days necessary to perform our work.
Although the computer must be
adapted to the job rather than the job
to the computer, our past experience
has made us more acutely aware of the
potential and adaptability of the time-
sharing computer for performing our
audit work.
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Using Test Decks in Financial

Audit Work

This article describes one of the many audit techniques used
during GAO’s recent audit of the Panama Canal Company/
Canal Zone Government’s financial statements. The article
illustrates how the test deck approach was used to audit the
Canal enterprise’s automated peyroll system.

A common technique used today in
performing an audit of a data process-
ing system is the test deck. In general
terms, a test deck is a means by which
one may test a computer program for
accuracy and logic and ascertain
whether or not the computer is func-
tioning as intended. A test deck gener-
ally takes the form of a deck of
punched cards containing valid and in-
valid transactions to be processed by
the computer. By processing the test
deck transactions through the com-
puter (and therefore through the pro-
gram for which the test deck was de-
signed), the auditor can determine, by
evaluating the output, the system’s re-
action to each type of transaction.

Testing can encompass as many trans-
actions as deemed necessary to accom-
plish the audit objective. By using the
test deck approach, the accuracy and
logic of a computer program can be
thoroughly evaluated. Also, the auditor
can easily determine whether process-
ing is taking place as set forth in the
program documentation.

Background

GAO is required by law to make an
annual. audit of the Panama Canal
Company—a wholly owned Govern-
ment corporation. One objective of the
audit is to state an opinion on the
Company’s financial statements. Be-

Mr. White is an audit manager in the Dallas Regional Office. He holds a B.S. degree in
accounting from the University of Arkansas and has been with GAO since 1961. He is

a CPA in the State of Texas.

Mr. Whitsell is an audit manager in the Dallas Regional Office. He holds a B.S. degree
in accounting from Delta State College. He has been with GAO since 1961.

Mr. Bynum is a management auditor in the Dallas Region assigned to the New Orleans
Suboffice. He has been with GAO since 1970. He holds a B.S. degree from the Uni-

versity of West Florida.
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cause the Company and the Canal
Zone Government—the independent
agency of the United States charged
with the civil government of the Canal
Zone—are closely related in mission,
organization, and operation of the
Canal enterprise as a whole, GAO also
examines and issues an opinion on the
financial statements of the Canal Zone
Government.

The Canal enterprise as a whole can
possibly be related to the operation of
a port city that has a population of
from 50,000 to 75,000 with one com-
pany operating all activities in the city.
The Canal Zone Government per