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PREFACE

The task of planning and control is constituting an in-
reasing segment of the technical manager's job, owing
rimarily to dynamic technology and equally dynamic changes
1 management information control systems. A manager in-
ylved in such activity is concerned not only with the
.ghly technical problem of information systems design and
wplementation, but also with the myriad of human problems
isociated with such activity that can often dictate the
rentual success of any management activity. The develop-
nt of a modern weapons system provides a significant
.allenge to the modern manager, owing to the large resource
mmitment involved, the size of the teotal task, the high.
vel of uncertainty implicit in such activity, and the
tal time required. Classical planning and control tech-
gues are hardware-oriented because standards are established
A

d tangible output is measured, thereby providing a com-

rative measure. The modern research and development tazk

is found to be more complicated than this, since many vyears
may pass before a true hardware item of ocutput can be mea-
sured, vet the job of planning and contreol is even more vital
in order to optimize resource expenditures. Indeed, more

and more of the modern manager ‘s time is spent performing

planning and control tasks which do not have tangible outputs.
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A disciplinary approach to such a problem is considered to
be one of the most significant challenges for the manager of
the seventiés.

Initial stimulus for this research project was provided
by the long-held desire to gain insight into the basic
management functional areas of planning and contreocl, as weall
as the desire to analyze the process of defense procurement.
The Cost/Schedule Control Systems Criteria's entrance into
prominence during the initial period of search for an appro-
priate subject seemed to offer commen ground for exploration
of both areas. It should be recognized that such a subject
is dynamic in all aspects and exceptionally vulnerable to
changing attitudes and interpretation. A&lso, the political
force behind such a document changes with each presidential
administration. In one administration emphasis may be
placed on highly theoretical approaches, while the succeed-
ing one may completely reverse direction in an attempt to
abolish the "evils" of the previous system. Such political
vagaries make the task of rational analysis increasingly
difficult. This research effort is an attempt to capture
the subject at present and thecrize about its future impact,
assuming that political forces remain stable. The validity
of such an assumption can only be tested by time.

This research consumed much personal energy over an
extended period of time. In spite of this effort, it would

have been relatively fruitless except for the assistance of
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many outside sources which are too numerous to be mentioned
here. The initial exposure to this subject area was pro-
vided by Texas Instruments. Gratitude must be expressed for
their willingness, as a company, to provide not only the
financial assistance to start the reseszrch, but also the
freedom to probe the organization for problem areas and to
use such data for illustrative purposes. Specifically, Mike
Sullivan and Dale Boyett gave freely of their time, assis-
tance, and moral support during the early phases of this
program. Ralph Darling and Ben Carroll of General Dynamics
were also valuable sources during the stage of problem
identification. C. E. Stewart and his associates at LTV
Aerospace provided valuable insight into the problem during
the guestionnaire formulation stage. Finally, Edward
Siebert of the Grumman Aircraft Corporation personally
visited me in Florida to return his company's questionnaire

and philosophize on the Criteria impact.
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CHAPTER I
INTRODUCTION

For the past several years the government, as a monop-
sonistic customer in the area of weapons systems procurement,
has shown an increasing interest in the management control
systems of its defense suppliers. Such action has been
stimulated by consisteﬁt cost and schedule overruns, as well
as by frequent deficiencies in resulting system performance.
These phenomena occur throughout the broad spectrum of
government procurement; however, the outstanding examples
have been noticed in the aerospace and electronics industries.
The magnitude of investment required in this industrial seg-
ment is often a multi-billion-dollar gamble on an untried |
product. Not only is the resource commitment gargantuan,
but also the timely availability and subsequent performance
of the resulting weapons system are critical.

Owing to this general state of affairs the government
has recently taken steps to coordinate more closely efforts
between itself and the vast network of prime and subcontrac-
tors. One significant outgrowth of this interest has been

the Cost/Schedule Control Systems Criteria, also known as

Department of Defense Instruction 7000.2, which was issued
in December, 1967. This document is concerned with the

control of cost, schedule, and technical performance
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parameters for certain selected high-impact weapons systems
contracts. It was originally intended that this control
specification would be imposed upon all applicable segments
of weapons system procurement. The initial companies ex-
posed to this document have been primarily Air Force contrac-
tors, although Army and Navy agencies have adopted similar
approaches to weapons acguisition management.

The major departure from tfaditional government regula-
tory approaches indicated by this document is the concept of
flexibility. For example, the Criteria reguirements are
meant to be a set of general guidelines, rather than a firm
set of exact procedural specifications as used in most other
military requirements. A series of basic source ddcuments
has been in the process of evoluticn and release since 1966;
however, serious implementation has been delayed in an effort
to resolve certain compliance problems with industry. In
the interim period each service has approached the problem
individually with varying degrees of emphasis. Most notable
of these approaches is the Cost/Schedule Planning and Control
System, AFSCM 70-5, currently being stressed by the Air Force
in selected contracts. Through this system, the Air Force
is approaching a planning and control concept similar to
that envisioned by the broadex Department of Defense Criteria
document. Each of these regulatory devices is similar in
concept and can be considered congruent with respect to the

resultant impact on the using contractor.



The weapons system development process can be viewed as
a highly complex and uncertain activity in which human re-
sources play a vital productive and managerial role to
accomplish constrained program objectives which are, in
turn, reflected by cost, schedule, and performance parameters.
It is the function of an operating Criteria-type planning
and control system to supply information regarding these
dynamic indicators to the systems analysts of the Department
of Defense. A Criteria-type system is hypothesized as having
a broad impact on the contractor's organization and its
method of operation. Implementation of such a technigue
represents a significant undertaking by a very large industry
en masse. Many of the techniques and concepts generated
during this period of introduction might possibly influence
future industry systems, philosophies, and performance,

Implementation of a Criteria—type system has many
political as well as military consequences. The total area
of impact is thus potentially large and may have significant
bearings on the future process of weapons acquisition. Also,
various contractor relationships may be significantly
altered, assuming full implementation of the Criteria con-
cept. It now appears that the actual character of the
Criteria 1is taking on the structure of a power struggle
between industry and its sole buyer. On the one hand, the
government is prodding for increased engagement, while on

the opposite side, vendor management would like to regain



some of its prerogatives.l The attempt to implement DOD
Instruction 7000.2 and the resulting power struggle appear
to offer significant consequences for any enterprise involved

in future government procurement.

The Objective

The primary purpose of this studf was to analyze the
capability and inclination of the aerospace and electronics
industry contractors to abide by the general provisions of
the Cost/Schedule Control Systems Criteria (C/SCS8C). These
Criteria are guite similar to the Cost/Schedule Planning and
Control Specification (C/SPCS) now being adopted by the Air
Force. A second objective was to analyze the current impact
of this document on the total industry, the cost of imple=~
mentation for the contractor, and the potential impact of
the Criterie on future cperations.

Most of the current documentation regarding this subject
was issued either by the customer, a particular precuring
agency, or the contractor. Obviously, each of these parties
had a high level of bias toward the subject, thus the docu-
mentation lacks objectivity regarding needs and problems of
the Criteria. Another purpose of this resesarch was to
evaluate the C/SCSC in its operating environment without
bias. If such an analysis could be achieved, then the re-

search should be of benefit to those invelvad.

1'|I " . .
Engagement refers to government involvement in con-~
tractor management decisions and internal operating data.
See Appendix A, "Glossary of Terms,"



Hypotheses

Four basic hypotheses were tested in this research
program. These are summarized as follows:

I. Implementation of the Cost/Schedule Control Systems
Criteria will have a significant potential impact on most
contractors involved in major weapons systems procurement.

II. Government contractors are generally adverse to
further engagement by their customer, especially with regard
to internal budgeting data.

III. The Cost/Schedule Control Systems Criteria repre-
sents a marked change 1in government philosophy regarding
contractor performance measurement.

IV. There is currently no information technology which
can universally satisfy Criteria requirements (i.e., tradi-
tional accounting systems, PERT/Cost, production control

technigques, etc.).

Methodology

Both primary and secondary sources were used in this
study, with particular emphasis placed on case studies and
gquestionnaire surveys within the industry. The primary re=-
search segment of this project consisted of case studies,
personal interviews, multi-phase questionnalres, a seminar,
and letters of inguiry to both industry and governmental
personnel.

An individual research study performed at Texas Instru-—

rments, Inc., Government Products Division, during the summer



of 1968 provided an initial opportunity to view the problem
of planning and control in its working environment. Texas
Instruments agreed to furnish financial assistance to the
project in return for an in-depth analysis of problem areas
associated with the development of highly technical and low-
guantity production defense items. This study, associated
with other case studies and personal interviews within the
industry, provided much of the background material for the
research, A series of guestionnaires was used to substan-
tiate and validate certain key concepts.

Associated with the interview and case study effort
performed at Texas Instruments, a guestionnaire was used
within this same sample population to test the consistency of
attitudes of these managers with their industry counterparts.
Before attempting to use the guestionnaire in a broad survey
of the industry, it was deemed desirable to pretest the
instrument using a well-known environment where predictability
of the internal attitudes, as well as the technical environ-
ment, was available. This survey will be referred to througﬁn
out subsequent discussions as "case study guestionnaire."

The total list of the applicable population for the
questionnaire survey was taken from the tep 100 contractors
doing business with the Department of Defense for the fiscal
year 1968. Eighty-six contractors were selacted from the
list on the basis that the compandes appeared to be involved

in aerospace or 2lectronics work, except for engine



manufacturers which were excluded from the study. Seven
large aerospace corporations were then chosen from this
list, using internal industry information that each had been
exposed to early Criteria requirements. The seven companies
which constituted this control group are as follows:

{1) General Dynamics, (2} Lockheed Aircraft, (3) McDonnell
Douglas, (4) The Boeing Company, (5} LTV Aerospace Corpora-
tion, (6) North American Rockwell, and (7) Grumman Aerospace
Corporation. The basic use of the control group was to test
the type of questions being asked and to use their responses
in revising the questionnaire for the remainder of the
population sample.

The second phase of the survey consisted of rewording
vague items in the control study guestionnaire and then
mailing additional guestionnaires to the seventy-nine remain-
ing corporations chosen to constitute the sample.

More specifically, the data collection process consisted

of the following seven basic steps:

1. Collection of the basic source ggguments.--A set of

Department of Defense literature which documents the total

Criteria reguirements.

2. Case studiec.--An in-depth cocllection of data within

a single company which is useful for analyzing individual

approaches to the implementation of the Criteria.



3. Published sources.--Industry and trade sources

which discuss and analyze the subject area.

4, Personal interviews.-—-Interviews with wvarious

government and industry experts, which are designed to elicit
the opinions of both parties concerning the Criteria and the

procurement process in general,

5. B8earch of the academic literature.--A background

search to find previous relevant work in this area.

6. Field trips.--Visits made to Washington and various

major contractors' installations with the intent of gaining
broader perscnal insight into the attitudes and philosophies

of both parties.

7. Questionnalilres.--Technigues used to validate con-

clusions developed in other stages of the research effort.

(a) A written questionnaire distributed to
approximately fifty managers within a case study company to
establish a reliable data base.

{b} A ccntrol sample, seven large companies in the
aerospace industry, used in order to test the total industry
questionnaire.

{c} A similar questionnaire sent to the "top 100
DoD contractors" in a final attempt to measure broad industry

impact.



Each of the steps indicated for data collection was
not mutually exclusive and many do actually occur in paral-
lel. In some cases, however, a specific research technigue
was used to validate or broaden previous hypotheses. For
such occurrences a logical research rationale was indicated;
otherwise, data inputs were collected primarily on the basis

of availability.

Plan ¢of the Paper

The existing structure of the paper was chosen for two
major reasons. First, it was assumed that the primary
reader would not have a profound knowledge of the weapons
acquisition process. Second, an analysis of the Criteria's
impact on an industry is meaningful only if there is some
examination of certain key elements relating to planning
and control problems associated with a major weapons system
development program. In order to facilitate both of the
objectives above, a top-down approach was usad in the sub-
ject development.

Figure 1, "Subject development," depicts the research
subject as it evolves within the constraining environment.
For example, Chapter II is directed towards an orientation
with the broad military acquisition environment. This area
is felt to be ill-defined and vague; thus the irregqular line
in Figure 1 representing this section. Chapters III and IV

continue to narrow the subject focus away from the broad
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acquisition and development process towards the process of
managerial contrel through the use of management control re-
quirements by the government. Chapter V completes this
transition with a description of these criterxia and their
supporting documents. Chapter VI analyzes the current im-
pact of the Criteria. Chapter VII contains a summary and
conclusions of the entire research effort, as well as a dis—

cussion of the future implications of the Criteria.

Scope

The research effort was confined to the electronics
and aerospace industries. Further, engine manufacturers
were not considered as being part of this industry, although
such a distinction is somewhat arbitrary. The reasons for
choosing this segment of the total military procurement
activity were twofold. First, the greatest difficulty in
Criteria compliance is felt to occur within this segment,
owing primarily to its dynamic technological factors through-
out the development phase of the weapons acquisition process.
Second, recent gdvernment efforts to analyze contractors'
planning and control performance have occurred primarily
within this segment, thus offering an increased availability
of analytical data. Finally, due to the recent nature of
the Criteria specification, some selection of contractor
sources within the chosen industry was required to find the
necessary familiarity with the subject to supply meaningful

data inputs,
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Limitations of the Study

The most significant limitation of this study was the
pre-established bias of the various participants and the
resulting potential erosion of source data quality. A
second limitation might have been that the Criteria are
defined as a broad set of Department of Defense documents,
vet the research was performed in only a portion of the total
industry. For example, shipbuilding and engine manufacturers
are omissions in the analysis. However, this omission of
other defense industries is negligible owing to a general
similarity of problems between this segment of the industry
and that being analyzed. Also, the sample population is
large enough to constitute a definitive portion of the total

defense procurement environment.




CHAPTER IIL
THE DEFENSE ENVIRONMENT

The purpose of this chapter is to outline, in relatively
broad terms, the environment within which a weapons system
evolves from the original point of decision making to opera-
tional status. The Cost/Schedule Control System Criteria
(C/SCSC) function within these bounds with significant vari-
ables and relationships. The military procurement market
does not £it neatly into the atomistic model of Adam Smith.
Key ideas will be introduced, concerning operation of the
C/SCSC, as a basis for expanded discussion in following
chapters.

Implicit factors in a discussion involving the defense
environment are the growing size and ccst of programs, ad-—
vanced technology, and systems engineering. The contemporary
scene reflects a growing awareness of military expenditures.
Both the magnitude of the investment and the actual need of
the item itself are discussed throughout_broad segments of
our society today. Not only is the United States presently
involved with significant levels of military and space ex-—
penditures, but planners and funds allocators are also con-
sidexring prodigious projects for the future. The project

decisions range from the more traditicnal ones relating to

L3
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new generations of ships, missiles, and airplanes, to anti-
ballistic missile defenses and inter-planetary travel. 1In

addition, rapidly changing technology is supplying a myriad
of other smaller proposals, each of which is competing for

a share of the government tax dollar.

The modern weapons system or space project can be
characterized primarily by its tremendous complexity and
diversity of technological skills. The engineering abilities
are recognized and put in perspective, as reflected by
Lyndon B. Johnson, former president of the United States,
who stated, in a television interview following the success-
ful launch of Apollo 11, that the status of the moon program
was a tribute to technology, but even more a tribute to the
United States' ability in systems engineering.l It is this
érea that will be dealt with here. Before elaborating on
the concept of systems engineering and the Cost/Schedule
Control Systems Criteria, some of the environmental factors
need to be defined.

The first two sections which follow will describe
certain key statistics regarding the aerospace industry and
the military-industrial complex. Factors which distinguish
the weapons acquisition process from other business ventures
will be emphasized throughout the discussion. Finally, the

uncertainties of the weapons system decision making and

lLyndon B. Johnson, interview with Walter Cronkite cn
CBS Television, July 15, 1%69.
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development process will be ocutlined in some detail to pro-

vide an essential framework for later discussion.

Defense Statistics

At present the United States is spending approximately
10 per cent of its gross national product on national defense.
Department of Defense outlays in the 1969 budget are approxi-
mately $78.4 billion, with a planned outlay of $78.5 billion
in the 1970 budget.2 The cost of weapons systems procure-
ment in 1970 is now estimated at near $22 billion for items
such as aircraft, ships, missiles, and related equipment.

In 1968, employment in the aerospace industry averaged
1,392,000, which represented 7.2 per cent of all manufactur-
ing employment in the nation.3 The customer mix for the
industry was the following:

Government obligations . . . . . . . . . . 78 per cent

National Aeronautics and

Space Administration . 13 per cent
bepartment of Defense . . 55 per cent
Non-aerospace type

products . . . . . . . 10 per cent

Non-government obligations . . . . . . . . 22 per cent.4

From the first two government components above, aircraft

2Donald C. Winstcn, "Laird Seeks Major Aircraft, Missile
Cuts," Aviation Week & Space Technology (March 24, 1969),
pp. 24-25.

3Aerospace Facts and Figures, 1963 {(Fallbrook, Cali-
fornia, 1968), pp. 5-7.

4

Tbid., p. 20.
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production constitutes approximately 58 per cent of the
conﬁract value, 35 per cent for missiles and 7 pexr cent for
astronautics.5 The profit margin on sales billed for the
industry declined from 1965 until the first quarter of 1969.
Table I compares the profit margins of the aerospace industry

with those of other categories of manufacturing organizations.

TABLE I

NET PROFITS AFTER TAXES AS A PERCENTAGE OF SALES FOR
MANUFACTURING CORPORATIONS?*

All Manufacturing
Corporations Non-Durable

Year | (except Newspapers) Goods Durable Goods|Aerospace
13857 4,8% 4.9% 4.8% 2.9%
1958 4.2 4.4 3.9 2.4
1959 4.8 4.9 4.8 l.6
1960 4.4 4.8 4,0 1.4
1961 4.3 4.7 3.9 1.8
1962 4.5 4,7 4.4 2.4
1963 4.7 4.9 4.5 2.3
1964 5.2 5.4 5.1 2.6
1965 5.6 5.5 5.7 3.2
1966 5.6 5.5 5.6 3.0
1967 5.0 5.3 4.9 2.7
1968 N.A. N.A. N.A. 2.2%%
1969 6.0%* N.A. N.A. 2.6%%

*Source: Acrospace Facts and Figures, 1968 (Fallbrook,
California, 1968), p. 20.

**"profits Lose a Little Savor," Business Week (May 10,
1969}, p. 102,

>1pid., p. 1l4.
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Before leaving the subject of aerospace industry earn-
ings, it should be pointed out that the relatively low rates
of profit margin are somewhat misleading. If one were to
examine the rates of return on invested capital, it would be
found that an average profit of 3 per cent on sales generates
a return on net worth of more than 20 per cent owing to the
relatively low capital investment in this industry.6 In
comparison, a 6 per cent return on sales for all manufactur-
ing corporations would yield a return on investment of
approximately 10 per cent. The phenomenon of lower reaturns
on sales yielding a higher comparative return on investment
is the obvious corollary of the current large government
investment in plant and tools. Without government assistance
in facilities investment, profit margins would have to be
increased in order to provide the equivalent return on in-
vestment. In recent years the government as a customer has
shown decreasing willingness to provide capital facilities
for its contractors; thus, it appears that firms will tend
to find downward pressures on their return on investment.
The picture is clouded by many factors, and present data will
not justify a hypothesis that firms are actually earning
less because of this single parameter. Many other pressures

act upon the large contractors, each striving for maximum

6Merton J. Peck and Frederick M. Scherer, The Weapons
Acquisition Process: An Economic Analysis (Boston, 1962),
. lo68.
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output per unit of resource input. The current controversy
over procurement of the C-5A at Lockheed Aircraft Company
reveals how a prime contractor can come under pressure from
above in the form of congressional investigations and
customer inspections, while from below subcontractors are
bringing suit against the prime contractor for excessive
design changes and breach of contract.

In addition to decreasing governmental financing of
facilities and increasing political pressures already sug-
gested, government contractors are bejing significantly in-
fluenced by three other trends. The first is an increased
eriphasis on tightly negotiated firm fixed-price contracts,
with limited use of the Total Package Procurement concept,
incentive clauses, and the ever-present renegotiation clause
for excessive profits.7 A second factor is the increasing
cost and effort required for proposal preparation and related
contract definition activities.8 A final variable, more
difficult to describe, is the proliferation of government
regulations and specifications especially noticeable in the
sixties.9 Pentagon officials have recently identified ap-

proximately one hundred existing management and information

The contracting mechanism is discussed in greater
detail in a later section.

8Peck and Scherer, p. 209.

g“The Pentageon Builds a Monster,"” Business Week
(February 18, 1967), p. 198.
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systems alone, not to mention other regulations pertaining
to configuration management, value engineering, quality

control, etc., The Cost/Schedule Planning and Control

Criteria are meant to incorporate and standardize many of
the data requirements now contained in most of the existing
management and information systems.

A recent Government-Industry symposium discussing the
problem of defense procurement during this decade listed the
following reasons for low or declining profit margins since
the early 'fifties: (1) increased cost in acguiring and
executing military contracts; (2) excessive "holding"
periods in total package procurement; (3) detailed progress—
reporting requirements; (4) government-imposed management
systems; (5) fixed-price research and development contract-
ing; (6) unnecessary data package requirements; (7} govern-—
ment's lack of flexibility; and (8) government's insistence
on management through procedures rather than through more
effective motivational techniques.lo The government's reply
to this claim is that it is not trying to sgueeze profits,
only to accomplish the fcllowing: (1) maiatain integrity of
the total government procurement system; (2) increase the
level of competition for military business; (3) motivate the

contractors to better performance; (4) establish the

1O“A Government/Industry Look at Procurement in this

Decade," National Security Industrial Association (Washing-
ton, D.C., 1967).
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reliability of contractors, through formal reporting systems;
(5) ensure the use of well-conceived, formal estimating pro-
cedures; (6) establish program visibility so that external
control can be taken if necessary; and (7) obtain sufficient
information so that it can properly perform its moral and
functional obligations to the services, the Congress, and

the taxpayer.ll It seems realistic to assume that both sides
have a distinct point of view. The contractor is basically
fighting the problem of external interference in his manage-
ment system, while the Government as a customer has been
dissatisfied by all too frequent cost overruns, late
deliveries, and inadequate performance specifications on
finished products. This conflict might be viewed as a two-
party game in which each side is attempting to maximize his
own interest. In this regard it is difficult to determine
what is good and what is bad per se; cost of obtaining addi-
tional information notwithstanding, both industry and govern-
ment stand to gain by a clearer understanding of each other

in the future.

The Military-Industrial Complex
President Eisenhower's farewell address contained a
subtle warning of things to come when he cautioned of the

creation of a "permanent armaments industry of vast

Hipia.
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proportions."12 In this address he first warned of the im-
perative need for such a structure and followed this with
the caution that

. - . we must not fail to comprehend its grave

implications. OQur toil, resources and liveli~-

hood are involved; so is the very structure of

our society. The potential for the disastrous

rise of misplaced power will persist. We must

never let the weight of this combination en-

danger our liberties or democratic Egocesses.

We should take nothing for granted.

One sector of society follows this logic to the ultimate
extreme in arguing for decreased military spending. The
decision to invest in a new weapons system thus becomes an
entanglement of technological, social, political, and
economic factors.

The Nixon administration has walked into a period of
great criticism with regard to military spending. Defense
Secretary Melvin R. Laird seems to be quite willing to talk
of cost overruns, since the opposing political party was in-
volved with most of the original decisions. The Secretary
has cited cost overruns of more than $2 billion on programs

including the AH-56 helicopter, the Air Force's C-5A trans-

. : U 1 o
port,and various shipbuilding programs. 4 In addition, the

12 .
George McGovern, "The Looming Spectre of a Permanent

Arms Industry," Business Today, III (Summer, 1969), 33-38,

citing President Eisenhower's farewell address to the nation
in 1961.

Hibia.

4 . .
. "The Pentagon's Costly Mistakes," Business Week
(April 5, 1969), p. 100.
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Air Force's F-111 is still in financial trouble and the
Army's M-551 armored reconnaissance vehicle project is in
serious trouble also. A summary of thirty-four current
major weapons system programs indicates total cost overruns
in excess of $16 billion over the next four years.l5 Related
to this problem, one gquite tangible benefit of implementing
the Cost/Schedule Control Systems Criteria would be the
availability of contract status on a fixed baseline such
that deviations from contract amount or plans would be
fairly obvious. In this light, the Criteria becomes an in-
formation vehicle to communicate weapons systems program
status to external elements of the military-industrial
complex.

Eisenhower's warning of unwarranted influence within
the military-industrial complex appears to many to have a
ring of prophecy. - Congress and other interested parties are
clamoring for "adeguate supervision and control of Defense
Department programs without hampering operations of the
agency."16 With this and the basic objectives of the
defense procurement agencies in mind, it would appear that
there is strong pressure for implementation of a very

rigorous management information and control system. The

Cost/Schedule Control Systems Criteria would seem to be

1 .
“STampa Tribune, December 2, 1969, Section A, p. 6.

161154,
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obviocusly useful in satisfying the requirements of both

Congress and the Defense Department.

Decision Uncertainties
This section will summarize the significant uncertain-
ties in the weapons system decision. Peck and Scherer
studied these phenomena in the latter fifties and reported

their findings in some depth in The Weapons Acquisition

Process: An Economic Analysis. Their findings are reflected

here, with changes made primarily to update the material.
Uncertainty in the weapons—system decision-making pro-
cess 1s critical because of the resulting enormous invest-
ment and the potential consequences of a poor decision. Un-
certainty is defined as the "relative unpredictability of

the outcome of a contemplated action.":l“7

External Uncertainties

Major external uncertainty factors that dominate weapons
system decision making can be summarized as

1. The fluid state of affairs within the
total external environment.

2. Increased awareness of external environ-
ment conditions through improved inteclligence.

3. Increasing mobility of war-making poten-
tial forcing a broader look at the defense prob-
lem,

l?Peck and Scherer, p. 210.
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4. Rapid technological advances to be met
in some future time period.

Decisions made in light of these considerations require
considerable analysis to decrease the margin of error. The
United States weapons system and defense strategy since
Pearl Harbor have been to maintain an adequate force to fore-
stall catastrophic attack cn our country or those of our
allies. Development of nuclear technology has heightened
the potential dangers of omission in that a "spasm response"
type of war would not give the defender an opportunity to
build or produce a desirable defense before retaliation.
The role of a defender is clearly less efficient than that
of the aggressor, as choices of time, weapons, and strategy
are on the aggressor's side. The United States has long
advertised and practiced the role of defender; thus certain
other countries have adopted an offensive mode in their
defense philosophy. The United States is faced with four
major alternatives, in varying combinations, to military
superiority:

1. Development of a superior strategic weapons force
such.as Polaris-carrying submarines, Minuteman missiles
launch facilities, and manned bombers such as the B-52 or the

proposed Advanced Manned Strategic Aircraft {AMSA) .

18James R. Schlesinger, The Changing Environment for

Systems Analysis (Santa Monica, California, 1965), p. 29.
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2. A well-coordinated tactical force which will be
primarily used to discourage "wars of national liberation"
such as Viet Nam. Recently developed weapons in this area
include the F-11l1, along with other systems which have not
yet singly made a major financial impact on the procurement
budget. The majority of systems procured for use in this
‘area have been of low cost relative to majoxr weapons systems
found in other areas.

3. A sophisticated intelligence network to supply
reliable data for the military decision-making system.
Mechanized approaches to data gathering include reconnais-
sance, ground sensors, radar sensors, and more recently,
space sensors of various types.

4. A defensive intelligence and operational system
which is capable of maintaining the operational capability
of our great production network while the systems menticned
above perform their various functions.19

The purpose of the Cost/Schedule Control System Criteria
is not to evaluate the validity of the rationale surrounding
the decision to develop a particular weapoas system. The

value of the initial decision will still be in doubt for

years, but the efficiency with which the possibly inefficient

The approach to warfare as catalogued above is ad~-
mittedly elementary, vet it does serve to focus attention on
the defense capital allocation problem and the great variety
of weapons systems alternatives with which a defense-minded
country is faced,
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device is made can be calculated with great accuracy. From
this it can be seen that the major focus of these Criteria
is directed towards the internal uncertainties associated

with weapons system development.

Internal Uncertainties

The total internal environment of the weapons system
procurement.is guite involved in itself, bridging the
bureaucracies of Congress and the Department of Defense on
the major decision—making level. Other primary inputs to
this system include the major military branches and their
commands. The uncertainties of this situation may be
divided into three segments, each interrelated with the
other. First is the uncertainty resulting from the basic
decision to fund the weapons system development. The
critical elements in this phase of the decision are con-
sidered to be cost, time of availability, and performance of
the system. Second is the market position of the government
as a monopsonist on the one hand and peolitically oriented
buyer on the other. With this orientation the buyer can
wield significant power in the marketplace with regard to
imposing requirements and source selection, among many other
pressures. Finally, the bidder on a weapons system contract

is faced with uncertainties peculiar to his own corporate

situation.
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Market uncertainties.--The purchase of a large weapons

system occurs in a monopsonistic market environment:; the
government exerts a great deal of force as the sole buyer.
In the past, the contractor benefited from the government-
furnished facilities, progress payments, development funding,
cost-plus contracting, and many other devices which, in
essense, minimized the contractor's risk function. The
situation today indicates that this environment is changing
and, along with it, each of the elements listed above. 1In
recent months the cancellations of major contracts for the
Army combat helicopter, CH-46, at Lockheed Aircraft Corpora-
tion and curtailment of the F-111B contract at General
Dynamics evidence that the government is becoming ever
more conscious of cost and performance parameters.

At the highest levels of our government there is a
perennial conflict between the various services, the Secretary
of Defense, and congressional committees responsible for
budget allocation.20 In recent years there has been a
noticeable shift in the Department of Defense toward
centralized decision making with regard to weapons system
selection and funds allocation within the department. This
trend has stimulated improved techniques of information
processing within the vast structure of the weapons acqguisi-

tion process.

20Peck and Scherer, p. 77.
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The Cost/Schedule Control Systems Criteria is develep-
ing as the prime mechanism for translation of cost, scheduyle,
and performance data for prime weapons systems. Basically,
such data is used for selecting alternatives, determining
continuation of programs, curtailing activities, or previd-
ing supplemental funding. In addition, future pr@j@g;ians
of funds requirements will be possible with successful im=-
plementation of such a system.

Monetary uncertainties are evident in the weapong pro-
curement cycle from both ends of the funding chain, First,
the allocation of budgetary funds is uncertain within the
political process due to congressional attitudes toward a
particular system. Second, the funding decisions within the
Defense Department are uncertain since evaluations are
continually being made of cost versus utility of the evolv-
ing system. The contractor is thus faced with a great deal
of uncertainty regarding the future of a system even though
it is currently being funded and he is performing as planned.
Cancellation of a major contract has repercussions through-
out the prime and sub- contractor networks. Due to the
potential variability of human resource requirements on a
weapons system contract, the industry is characterized by a
high degree of mobility among professional and direct pro-
duction manpower. Hiring and laycff of several hundred
people on short notice is not an unknown occurrence within

the electronics or aerospace industries. This industry trait
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appears to have an impact on the rank-and-file worker by
creating an individual who is not strongly corporate-
oriented.

Case study research indicates a strong functional
centralization of ﬁanagerial decision-making or strong
project orientations. Regardless of the corporate philosophy,
the uncertainties of funding have an impact on the way of
doing business. If one could imagine for a moment a weapons
system which was carefully conceived in the definition
stages of the acquisition, then it might be possible to
-state that one result of more sophisticated planning would
be to decrease the monetary uncertainties of weapons system
contracts. Certainly the concept behind more detailed plan-—
ning and reporting requirements is to decrease the uncertain-
ties of development, which will then be reflected by a more
stable contractual mechanism and subsequently by a more
stable funding pattern on the part of the buyer. The Cost/
Schedule Control Systems Criteria may decrease, with success-
ful implementation, some of the uncertainties surrounding
the acquisition process.

The impact of the strategic uncertainties of the weapons
system acquisition occurs at the operating level within the
Defense Department and the contractors'® organizations. The
strategic problem can be divided into two questions:

(L) when will the weapons system be needed and (2) within
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what defensive environment will it be used?21 Both of these
paramaters will have further impact on the acquisition pro-
cess through the resource allocation mechanism. The time
span from research to operational status for the typical
weapons system is eight to eleven years; thus decisions made
in this decade constrain capabilities within the next
decatie.22 Furthermore, since optimization is almost im-
possible to define, the uncertainty of the operating environ-
ment is further complicated. Herbert Simon has coined the
word "satisficing" to describe the decision-making ghilosophy
believed necessary in such an environment. The "satisficing®
process is defined as a process of reaching "satisfactory®
positions rather than optimal, where the final choice is
dictated by certain psychological and sociclogical considera-
tions.23 Charles Hitch, a former assisﬁant Secretary of
Defense, affirms the phnilosophy above as representing the
weapons acgquisition process, yet establishes the point that
"satisficing" and optimization models tend towards congruence
in a dynamic planning context.

From another point of view, the acquisition process can
be viewed in probabilistic terms in which various prcbabili-

ties are assigned to alternatives and the weapons choices

2l1pid., p. 303.

2 . . .
zAnton B. Schmaltz, Insights into the Changing Govern-

ment Marketplace (ElI Segundo, California, 1969), p. 73.

23Peck and Scherer, p. 304.
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are made with regard to hypothesized threat levels. Success
of such an approach obviously depends upon the ability to
forecast threat potential. Since the mid-fifties, the
United States has been spending large amounts of budgetary
funds for surveillance of potential enemies. Charles S.
Sheldon of the Library of Congress, the only expert on
military space traffic without DoD classification, calculates
that the United States made 243 launches for military pur-
poses between the period 1957 to 1969.24 During this same
pericd the Russian count was 162 for military purposes.
Early attempts at space surveillance were primarily photo-
graphic in nature, but more recent series use radar, ultra-
violet, radio and infrared receivers, each with a unique set
of intelligence capabilities. The United States satellite
reconnaissance program consumes most of the $1.9 billion
space research budget for the military and another $2 billion
may be hidden in various military funds and funds from other
intelligence agencies.25 The point to be made here is that
the United States is well aware of the effect of external
uncertainties, and a significant amount of money is being ex-
pended to identify, monitor, and assess potential military
threats. A systems analyst in the defense department was

recently overheard to say, "we may be wrong in the future

4 .
2 "The Price of Arms Control,"® Business Week {(July 12,

1%969), p. 70.
25

Ibid., pp. 69-70.
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but it won't be because an attempt was not made to assess
the situation." This would seem to summarize the prevailing

attitude within the Department of Defense.

Cost, time, and performance uncertainties.--Cost,

schedule, and performance reflects the general status of the
weapons system program at any peoint in time. Actually, the
cost, time, and performance variables reflect the resources
allocated to accomplish the program. Figure 2 illustrates
the concept of the "Isoguality plane under uncertainty."26
The major purpose of this graph is to illustrate that program
outcomes rarely match planned cost or time even if the re-
quired objective was met. Historical evidence reveals wide
variance in time outcomes for programs which are similar in
both objective and cost budgets. Conversely, similar objec-
tives may be accomplished within an equivalent time frame,
but with widely divergent cost results.

The factors influencing the variability of the technical
performance parameters discussed here appear to be quite
complex and will be dealt with in a separate section titled
"Resource Allocation." What is being emphasized here is
that the ability to predict future outcomes of these three
variables is very weak. For purposes of analysis, three

ratios will be defined to quantitatively represent the ability

to plan complex programs. In each case the ratio is defined

26Peck and Scherer, p. 301.



33

as the actual parametex divided by the planned parameter

value. For example, if the planning ratio is 2.0, it would

indicate that the actual time duration was observed as two

Uncertainty Region

Theoretical Develcpment
/ Possibility Curve

t, - t, = time variance
possible for cg
cost

- €, = cost variance
possible for
te time

Cost

Fig. 2--Isoequality plane under uncertainty

times the original plan. These planning ratios will be used

for analysis throughout the remainder of this work. Table II

summarizes data on the history of cost for twenty-two major

items of military equipment. The factors A and B represent

an independent analysis of the same data by two different
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researchers and are calculated as actual system cost divided
by original planned cost. The data are then catalogued in
decreasing overrun order into four groups consisting of
fighters, bombers, cargoes, and missiles. Means for each
group indicate lowest overruns in the cargo class and highest
in the missile class, with an average ovexrun on each project
of 140 per cent to 220 per cent, depending upon the re-
searcher. Marshall and Meckling studied this phenomenon in

1959 with the following results:

TABLE IT

FACTOR INCREASES IN AVERAGE CUMULATIVE COST OF PRODUCTION*
(ADJUSTED FOR PRICE LEVEL CHANGES)

Factors Factors Factors Factors

FPight~ Bomb- Car- Mis-

ers A B ers A B goes A B siles!| A B
1 3.914.0 1 6.214.0 1 1L.411.6 1 14.716.4
2 2.612.5 2 2.812.8 2 1.511.5 2 8.416.0
3 2.012.0 3 1.111.2 3 1L.0{1.9 3 4,442.7
4 1.511.5 4 1.0(0.8 4 7.217.1
5 1.712.1 5 1.5]1.3
6 1.2]1.2 6 1.1|10.8
7 1.070.38
8 1.011.0
9 1.1(0.6

Means (1.8i1.7 3.412.7 1,211.2 6.414.1

Means—--all classes: A, 3.2; B, 2.4

*Source: A. W. Marshall and W. H. Meckling, Predict-
ability of the Costs, Time and Success of Development (Santa
Monica, California, 1959), p. 1l4.

Ttems are presented in decreasing order of cost overrun.
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Other conclusions which are drawn from the Marshall and
Meckling study were, first, that the estimates were decidedly
biased towards optimism and, second, that cost overruns
appeared to be the result of attempts to advance existing
technology. Fuller discussion of these aspects of the
resource allocation problem will be reserved for later dis—~
cussion.

The operational availability of the weapons system is
also a critical variable for military planners, although not
as widely advertised as the cost variable. Table IIL repre-

sents time overrun ratios from ten of the same twenty-two

TABLE ITI

FACTOR INCREASES IN AVERAGE PRODUCTION TIMES*

System Slippage (yrs.) Slippage Factor#**

. - L]
WU NwoOo o OO O
e o

.
-

FNNDwOhoLhovn

DO WN
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10

o *Source: A. W. Marshall and W. H. Meckling, Predict-—
abl;lgy of the Costs, Time and Success of Develcpment (Santa
Monica, California, 1959), p. 19. o

RN

**A slippage factor of 2.5 indicates that the actual
program consumed 2.5 times the originally planned value.
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weapons systems mentioned above from which usable data were
available. This variable is decidedly more complex to
define than the cost variable since the time of operational
availability is subject to much interpretation. The data
in Table II1I are considered conservative.

In spite of the conservative approach, the forecast
time of operation for the weapons system averaged two years
delinquent, and slippage factors averaged 1.5. "Analysis of
this variable reveals a similar bias towards overoptimism
similar to that found in the cost overrun factors. An in-
depth analysis of these programs further indicated that both
cost estimates and availability estimates tend to be more
accurate the less ambitious a particular program. The
Marshall and Meckling study revealed that factors could be
better defined in the latter stages of development than in

the early stage.27

The final variable to be discussed is the performance
factor, or the ability to estimate the performance character-
istics of a weapons system before it is produced. This
parameter is very complex to define or measure and is subject
to much controversy within the industry at the present time.
Cost and time factors have been discussed previously, using
a single vector to denote performance; however, this cannot

be done for performance due to the many ways in which

27Marshall and Meckling, p. 20.
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performance can be stated, i.e., altitude, speed, kill
probability, maintainability, etc. Some of the performance
variables are gquantifiable and others are only qualitative.28
It has been supposed that most weapons systems produced meet
military requirements; however, Richard Stubbings, a govern-
ment official within the Bureau of the Budget, recently

shook the military procurement world with his revelation

that only four of the thirteen complex weapons systems built
for the Navy and Air Force since 1955 have met 75 per cent

29

ox better of their performance goals. "The other nine

items, which cost $35 billion, fell short, in some cases as

n30

low as 25%. Stubbings used as a performance indicator

the system reliability variable, mean time between failure
(MTBF'}), in making his analysis of the various weapons systems.
His logic is that a system is of no value to perform its
function if it is inoperable. The blame for these failures
was placed on the "crash" developments instituted to get
the weapons system in operation so that its technological
lifetime would be maximized.

Although the problem of how to measure quality of a
weapons system cannot be explored in any great depth here,

it is possible to say that performance is the variable which

281pi4.

29

The Washington Post, January 26, 1969, Sec. A, p. 16.

301p14.
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has been maximized at the expense of the other variables.
The generally accepted priority for the three variables has
been performance first, time second, and finally, cost. It
is this line of reasoning that defense spenders have been
using for years to justify gigantic cost overruns of various
weapons systems programs. The reasons for variances in the
factors studied here are optimism on the part of the con-
tractor who wants to have the government buy his design and
the general level of uncertainty associated with all develop-
ment work. Present systems ability in the aerospace and
electronics industries indicates that the main constraint

tc more sophisticated planning estimates is the inability to
forecast the state-of-the-art advance represented by any
particular project. Given the uncertain character of these
estimates, the task of making more accurate forecasts is
potentially restricted by at least these factors: proper
definition of the task, careful evaluation of uncertainty,
valid cost histories for planning purposes, and performance

reporting systems for proper control.

Weapons System Development Uncertainties
During the developing and producing cycles of a weapons
system, three variables are identified as critical and each,
in turn, influences the resultant time, cost, and performance
parameters of the weapons system. These variables are state-

of-the~art advance of the system, interface complexity of
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the various "black boxes" and lead time desired. It is
these variables that dictate the future outcome within the
system itself.

Most major weapons systems now being produced for the
United States military inventory are envisioned as being
complex, yet they are desired in less time than the contrac-
tor would like to have in order to assure the desired output
parameters with regard to cost and specifications. The pre-
vailing and historical acquisition philosophy in the aero-
space industry has been to continually push the state of the
art on each new generation of aero system.31 This concept

is illustrated by Figure 3. The technology curve illustrates

Performance d
Variable :
i
{
!
I
|
{ .
| ! Time
1970 1980
Fig. 3--Technology curve
31

An interview with Mr. A (anonymity requested), aero~
space manager, March 12, 1969.
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that performance variables, such as speed or accuracy, are
increased over time. For example, the production of a plane
which travels mach five and carries 600 passengers 1is
certainly not attainable today, but could be reached at some
future date. To push the state of the art in producing
engines large enough to achieve this performance and fuselages
sufficient to meet requirements, it would cost more today,
relative to tomorrow, if one were only to consider the un-
certainties of development. The Russians are currently fly-
ing a supersonic transport capable of carrying 180 passengers
and traveling at 1500 miles per hour, while the United States
version, with forecast performance parameters of 320
passengers and 1800 miles per hour, is still on the drawiné
boards. There has thus been a trade-off of time for higher
operating characteristics. For the military situation, this
would be a crucial decision. Engineers at LTV Aerospace

were able to guote readily cost, time, and performance
capabilities for low state-of-the-art projects, such as the
A-7 Crusader. Typical figures given fer such a development
were twenty-one months for development, 1.5 miliion man hours
of engineering, 1.0 time forecast ratio for availability,

1.0 cost forecast for budgeting, and 0.97 for ability to

e : 32 .
meet system performance specifications. vVarious aerospace

32C. E. Steward, Ling-Temco-Vought Aerospace, interview
held at Grand Prairie, Texas, March 21, 1969. Ratios indi-
cate planning ability for the specified parameter (i.e., 0.97
indicates that the original perfcrmance specifications are
typically 97 per cent achieved).
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and electronics industry managers interviewed indicated
differing levels of confidence in their abilities to fore-
cast the future outcomes of their activities. Most of these
agreed that the critical problem in forecasting, and the one
in which they were least successful, was that of cost, since
time and performance are contractually fixed. Also, tech-
nical managers consistently agree that state-of-the-art
advances represent the most significant and least controllable
variable in program management. One fact which makes this
variable difficult is the apparent lack of creditable cost
data available to managers in the industry at the detailed
planning level., Often, the data are collected in the raw
state, but sufficient manpower is not available to synthesize
them into meaningful information. The result of this is
usually that the dataare lost at the lower organizational
levels and only used by management for broader functional or
project reporting. Another problem is that the work being
done is often of a classified nature, either by the customer
or by the company. A result of this is that many of the
data which would be useful for future cost estimating or
decision—makiné are not readily available to those who can
make the best use of them.

The second major source of uncertainty within the
development cycle is that of lead time, which may be defined

as the period of time required for the physical and
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administrative actions to translate desiring into achieving.33
From the engineering and manufacturing point of view, the
modern weapons system is characterized by "special” or

"made to order" activities. Also, the sheer size and number
of component parts creates engineering and management
problems. Studies of major weapons systems development by

the RAND Corporation have yielded the following results:

TABLE IV
TIME CYCLE3 ¥OR NEW EQUIPMENT®*
(YEARS)
Applica-
Basic {Product|Product tion lanu-
Re- Re- Develop-|Engineer- | factur-
search|search ment ing ing Total
Optimistic 0 2 1 1 2 3-6
Possible 0 3 2 2 2 5-9
More Likely o 4 4 2 3 8-13

*Source: David Novick, Lead-Time in Modern Weapons
(Santa Monica, Califorrnia, 1957), p. 1l.

Times indicated for the various states of development are
not additive because parts of some of the stages can be done
in parallel. Attempts to shrink the overall cycle time
below five years generally have great impact on the result-
ing cost and performance parameters. Case studies in the

electronics industry revealed that the typical research and

33David Novick, Lead-Time in Modern Weapons (Santa
Monica, California, 1957), p. L.
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development cycle was from nine to thirty-six months; manu-
facturing cycles of approximately six months were most fre-
quent.34 The total lead time for an electronic "black box"
can generally be assumed to be within a 1.5 to 3.5 year range.
Evaluation of selected projects within the electronics
industry during the case study analysis lead to the conclu-
sion that attempts to compress the "normal” cycle time often
lead to significant compromises in performance. In one very
notable case, a complete restart of the program was reguired
after more than one yvear of ill-managed design effort.
Accepting the gquality variances, it appears that generally
most design programs could be satisfactorily completed given
more time.

By comparing development techniques in Russia with those
in the United States, one finds that 1t has been noted that
the Russians appear to emphasize "simplicity and ruggedness"
in their weapons and space systems. This means that they are
not as interested in making a significant push into the
state of the art as in developing a highly reliable and
workable system.35 The Rockefeller Report of 1958 concluded
that, "One of the major weaknesses in our strategic posture

w36

has been our incrdinately long lead times. The Stubbings

Report, studies by The RAND Corporation, and various other

34 . . :
Results of questionnaire survey at electronics

company B.

35 36

Peck and Scherer, p. 480. Ibid.
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knowledgeable sources have criticized the basic philosophy
of our weapons system development. It is not the objective
here to explore this subject in depth, but the awareness is
needed that other countries have dissimilar philosophies
with regard to state-of-the-art advance, which apparently
results in weapons lead times of approximately five years,
or three years ahead of that noted for the United States.
Regardless of the development philosophy, however, it appears
obvious that the longer the system is in the development
phase, the more sunk cost with increased potential for
limited utility. The annals of weapons system development
are filled with instances where the completed product was
obsolete before production, and sunk costs in these circum-
stances often exceeded $500 million.

The third and final variable to be discussed as a major
contributer to uncertainty in the development of weapons
systems is that of the interface problem. The interface
problem can be defined as the physical, electrical, or
mechanical characteristics of integrating twe or more
modular systems into a larger system. American weapons
system design concepts since World War II can be character-
ized as building-block or "black box" oriented. During this
period, the level of sophistication and complexity of these
components has increased significantly. For example, the
B-29 of World War II contained approximately 10,000 electronic

component parts, while the B-58 developed in the mid-fifties
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contained nearly 100,Q00 parts.37

Missile development is a
more recent phenomenon, but the same general trend is evident
there also. Management techniques used during the early
forties have been found inadequate to meet this problem. No
longer can a designer or manufacturer work in a relatively
isolated environment, since changes in one product or com-
ponent may have far-reaching impact on other segments within
the tctal system. Form, fit, and function of each modular
component must be considered throughout the total development
life cycle.

The subject of configuration control became a watchword
of the industry in the late fifties and early sixties. 1In
an effort to control this mammoth problem, computerized
planning and control techniques began to evolve in the early
sixties and are continuing into the present period. Most
notable of these is the Program Evaluation and Review
Technigque (PERT) developed for use by the Navy in the Polaris
development. This network management tool enables a control
group to monitcor the overall program status through one
centralized reporting systeri. Unfortunately, the success
of this tool is limited, as is any such device, by the
gquality of the input data. Early application of the method
led planners to believe that it was a salvation in control-

ling complex programs, but later experience left the issue

31pia., p. 43.
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in doubt. More will be said of this evolutionary period in
a iéter discussion. One of the objectives of the Cost/
Schedule Control Systems Criteria is to focus attention on
the interface problem and identify cost and schedule prob-
lems well in advance for cognizant management. The final
control variable, technical performance, is not yet under
control for large weapons systems, but there are attempts
presently being made to merge a "technical tracking" concept
into the cost and time control systems. This concept will
be further illustrated in Chapter VI. Overall, technical
complexity influences various other areas of uncertainty,
and, in part, underlies the unpredictability of time, cost,

and performance parameters.

Corporate Uncertainties

Within the performing enterprise there are uncertainties
which also have an impact upon the acquisition process, even
beyond the elements previously described. The following
five factors are considered to be significant for the suc-
cessful performance of a weapons system contract: (1) tech-
nical capability; (2) availability of sufficient manpower
and proper skill mix; (3) project coordination within the
firm and within the industry; (4) availability of required
hardware, or data, furnished from external sources; and
(5) availability of sufficient physical and capital resources.

Generally, it is the technical and managerial ingenuity of
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the performing firm that creates a successful market within
the military spectrum. Most of the uncertainty connected

to the weapons system is found in the contractors' environ-
ment. The uncertainties of resource allocation and develop-
ment are especially dominated by actions within the contrac—
tor's organization, neglecting changes imposed by the
customer. An analysis of the problems confronting aerospace
and electronics industry managers reveals that the factors
listed above present problems which are prevalent in these
industries.

The study by Peck and Scherer in the aerospace industry
indicated a sufficient number of technically trained people
to perform the tasks of weapcons system development, but the
absence of quality appears frequently.38 The availability
of highly talented individuals affects the performance of a
firm much more than salary differential would indicate. As
Peck and Scherer noted, ". . . two $10,000-a-year engineers
are not usually the eqguivalent of one $20,000 engineer."39
The availability of these "key" individuals appears to have
significant impact on the resultant performance of the
weapons system or subsystem. Frequently,it is a high level

decision within a company as to which program will get the

38This conclusion is consistent with Peck and Scherer,

but has been additionally documented during the case work of
this study.

39Peck and Scherer, p. 501.
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talent of the organization. Many organizations appear to
use future profit potential as an indicator for the assign-
ment of their critical technical resources. During the
period before and during World War II, management emphasis
was towards current programs which were in the production
stage. The more recent trends indicate that contractors

are becoming more involved with future efforts. It would
appear that this changing emphasis is an indication of the
increasing complexity of the weapons system and the critical
impact that new business has on the company's ability to
survive in the industry. Many managers interviewed in both
the aerospace and electronic industries felt that the key

to future growth was in the ability to accurately predict
and quickly apply technical advances to the current weapons
needs. Within the electronics industry many seem to feel
that a large weapons system can be updated by the installa-
tion of a refined "black box" to meet a new threat. Due to
jungle~-type warfare, many manufacturers have developed small
subsystems to modify larger existing systems which were
designed for more traditional warfare applications. This
trend has often led to a closer working relationship between
large systems contractors and smaller subsystems contractors
with advanced expertise in one particular area. In summary,
the technical capakility of a company seems to be the key

to its future success. Availability of "key" technical

personnel is most often critical and lacking, except in the



49

highest priority projects. The deficiency is thus viewed
more as a gualitative problem than as a guantitative cne.
The complex technical characteristics of the weapons
system means that technically trained individuals constitute
the most critical resource of the industry. It is interest-
ing to note that the weapons industry employs about one-
guarter of all engineers and scientists available.40 With
the traditional fluctuations of manpower skill requirements
throughout the weapons system life cycle, it is often a
problem to recruit the necessary technical angd skilled pro-
duction resources. Advertisements in most large city news-
papers will testify to this fact. In order to meet the
large requirements for technical people, 25,000 or so for a
large weapons system,- technical manpower must be mobile and
salaries above average, relative to more stable occupations.
Due to the strong bias towards skill specialization, prob-
lems often appear in the areas of skill mix within the
resource pool. Aerospace labor variance data indicate that
the technical resource compcnent within this industry is
willing to be mobile in return for a higher than national
average salary. Even though the industry is destined to be
somewhat variable in nature, there does seem to be a chang-
ing philosophy emerging. Many corporations are establishing

a policy of maintaining a hard core of high caliber technical

4OPeck and Scherer, p. 172.
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people and subcontracting much of the low profit and low
state-of-the-art development work. The impact of this
approach is, first, to decrease the overhead expense of
hiring and training a relatively new work force with each
new contract and, second, to increase dependence upon sub-
contractors. The ability to monitor the activities of sub-
contractors is currently a significant management problem,
and it is also a potential deterrent to the implementation
of a Cost/Schedule Contrcl Systems Criteria.

The internal interface problem is created by the
functionally specialized approach to weapons system develop-
ment. As weapons systems have become more complex, the
approach has been to compartmentalize the development effort
into small and highly skilled tasks. The result of this
approach has been to require the coordinative effort of a
program or system manager to integrate the various functional
and specialized elements. In many cases it has been found
that existing information systems have been oriented to the
organizational structure, but have been deficient in infox-
maticn regarding the status of the weapons system development
or producticn. Innovation in management control systems
since 1960 have fcocused on this deficiency and current
efforts are designed to implement systems which will satisfy
organizational reporting and control requirements while
maintaining the necessary internal control capability. The

network management technigques would appear to offer the
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brightest hope for short term solution to this problem. In
addition, integration of management concepts between the
elements of the weapons system ccntractual chain is neces-
sary to provide cost, time, and technical performance data
from the varicus cognizant groups. As a customer, the
government is concerned with a proper level of visibility

in the development process. Industry, on the other hand, is
concerned with how to give visibility without also giving
away certain management prerogatives and some of their power
to negotiate future contracts. The interface problem thus
has many dimensions and variables. Interfirm, intrafirm,
and inter-environmental coordinative techniques have been
developing within this industry for many years and now con-
stitute one of its most significant problems.4l The in-
creasing technical constitution of weapons system develop-
ment and the resulting decrease in production volume has
heightened interface problems between the various elements
of the process. The currenttrend in weapons system develop-
ment appears to be towards larger systems contracts which
regult in one integrative contractor and many subcontractors,
each often having their own unique management systems. With-
out compatible reporting criteria, it is not difficult to

envision great problems in future development. Fortunately,

41 . .
The complexity, size, and scope of the weapons
acquisition process necessitates a much higher level of
coordination than in other types of product development.
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this problem is recognized within the industry, and arn effort
is being made to achieve a solution, The current approach
to a common reporting base is the Work Breakdown Structure,
Military Standard 88l. This device is an outgrowth of net-
work techniques and provides the cost and reporting network
for large weapons systems.

Availability of required hardware from external sources
is item four from the list of corporate uncertainties.
Government-furnished equipment and technical change approval
constitutes a large portion of this segment. Evidence from
the case study companies indicates that this problem is most
noticeable for prime contractors awaiting contractually
promised government-furnished equipment or change approvals
and, second, for subcontractors awaiting equipment from
either the government or another contractor. A significant
result of this problem is its impact on the internal opera-
tions of the enterprise. Often, work groups will have to
evade a problem while awaiting approval to proceed, or await
the arrival of equipment which is vital to the effort.
Monetary and schedule data is not available to reflect the
actual impact cof this problem; in fact, the problem is felt
to be quite variable within each contract. The only con-
sistent comment noted throughout the case study concerned
the governmental approval cycle taking longer than tolerable.
Most managers have circumvented this by accepting the

responsibility for the change and proceeding as if it had
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been approved. Success of this approach is obviously
dependent upon a good working relationship between the con-
tracting parties. The future trend of this problem is
dictated by the attitudes of the contracting parties. If
the customer becomes liberal regarding changes, managers
will likely take initiative and make decisions which they
feel will improve the development cycle. If the information
flow becomes oriented around the placement of responsibility
for these changes, then this problem area can become un-
manageable. If the contractor feels locked into an approach,
his initiative will be decreased and the resulting output
possibly constrained.

Perhaps the most controversial aspect of contractor un-
certainties is that of the availability of sufficient
physical and financial resources. This area also involves
the greatest amount of change. From a historical point of
view, the government has improved the positicn of the defense
centractors by providing facilities. During World War II,
the Army and Navy provided some $8 billion in facilities and
machinery to suppliers.42 The Korean War pericd furtherx
emphasized the attitude. During the period 1950 to 1956, the
services furnished about $3 billion worth of new facilities,.
Although the level of peacetime investment has been less,

the magnitude of government-furnished facilities was still

42Peck and Scherer, p. 164,
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large into the early sixties. Additionally, the government
has offered the tax benefits of accelerated depreciation and
lease of facilities constructed by the Defense Plants Cor-
poration.43 The traditional view towards government-
furnished facilities was that it constituted an offset to
the other drawbacks of the weapons business. 1In the sixties
a trend became apparent. From 1962 to 1967 the total net
plant investment for the aerospace industry increased by
$1.3 billion to a 1967 level of $2.85 billion.44 This
appears to reflect the increasing requirement that large
weapons systems contractors increase their investment in
plant and facilities. Due to the changing skill mix re-
quired to produce a large system, shortages often appear in
research and development facilities, while surplus is
evident in conventional production facilities. Approxi-
mately 200,000 non-production workers have entered the
aerospace industry since 1959, and many of the facilities
necessary to support this influx have been provided by
internal corporate funds.45 To date, facility availability
has been no problem, buft the future may add a new

dimension to the contractuil proposal cycle. With high

sunk costs in capital facilities, many corporations will

4315id., p. 165.
4 .
4Aer05pace IF'acts and Figures, 1968, pp. 92-93,

4SIbid., pp. 80-83.




55

likely become increasingly conscious of employment level
fluctuations, and the contractors' risk function will in-
crease. Electronics and other small contractors are seldom
furnished equipment and must rely on private financing.

With the increased interaction between prime and sub-
contractors, the government apparently feels that subsidiz-
ing the first and not the latter is unjustifiable; therefore,
the current trend should continue toward higher contractor

investment,

Summary

This chapter has outlined the breadth and scope of the
defense environment. The first part of the discussion was
quantitatively oriented in an attempt to describe the size
of the industry and of each major weapons system. Second,
it was shown that the current American envircnment appears
to be relatively unfavorable to uninhibited growth of the
military—-industrial complex, or at least to the free-wheeling
atmosphere of the past. The expenditure of funds for
defense 1is qoming under criticism strongexr than ever before
and even the lay citizen is aware of cost and verformance
deficiencies of the weapons acguisition process. OQur society
is cognizant of the magnitude of defense expenditures and
the growing cries from within are-for larger social expendi-
tures. It is not difficult to understand the pressures on

military contractors for improved reporting techniques,
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primarily for cost, but also for availability dates and
performance. The Stubbings report added a new dimensicn to
the subject by questioning the guality of our major weapons
systems, the final pillar of logic for large expenditures.
Increasingly, the Department of Defense is having to justify
its decisions to various funding agencies, and thus there is
a definite need for increased involvement with the contrac-
tor to assure efficient performance and valid data.

The weapons acquisition process was found to be unique
in American business in that a highly specialized and
complex device is being developed essentially for a one-
customer market. Recent events indicate that this customer
is becoming extremely critical of contractual deficiencies,
as evidenced by the cancellation of the AH-56 and F-111B
contracts. Also, cost overruns are being investigated in
Congress and advertised to the public., It is the keen
interest noted here that lends support to the hypothesis
that an information mechanism is needed and will be demanded
by external forces if not created within the Department of
Defense. The Cost/Schedule Systems Criteria are thus a
product of the prevailing environment and these, or some
similar techniques, will be forced into existence by
this environment.

The uncertainties of the process were traced from the
initial point through the entire acquisition cycle, ending

with the subcontractor and the work performed there.
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Throughout this process, the level of uncertainty is found
to be an inverse function of the level of definition. Given
certainty in the definition of an external threat and the
definition of defense philosophy, then initial decisions
could be near optimum. Given fixed parameters within the
state of technology, higher quality prediction could be

made on resultant cutcomes and so on through the sequential
chain of events. Uncertainties are found throughout the
decision making and development phases of the weapons system
process. First, the external uncertainties are significant
since the environment is continually changing and the dollar
commitment required to finance major weapons decisions is
often a multi~billion venture with significant risk associ-
ated. The existence of a broader weapons program also
bomplicates the decision making task and often creates a
sub~optimum approach to the defence venture. Second, the
market structure of the weapons system acquisition process
is monopsonistic in nature with the government essentially
acting as the sole buyer through its many agencies. In this
environment the funding process is clouded with uncertain-
ties which significantly impact on corporate attitudes.
Third, cost, time, and technical performance are found to be
the most commonly used parameters for coﬁtractual evaluation.
These indicators represent common reporting parameters
throughout the external and internal boundaries of the

acquisition process. Rather than being uncertainties
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themselves, they may actually be viewed as the outward
reflections of the uncertainties. Corporate uncertainties
typically hinge upon the ability to allocate the proper.
quantity and quality of human resources to the task and the
ability to handle the inter-coordinative and intra-coordinative
' activities associated with a large system. Other organiza-
tional constraints are hardware availability from external
sources and the availability of adeguate facilities for
performance of the task. The decision magnitude and time
frame represents managerial effort of gigantic proportion
which is difficult to parallel in any other industrial
segment.

The level of uncertainty alsc pervades the weapons
system develcpment itself. The next chapter will focus
attention on the weapcns system and the complex set of

decisions surrounding their development.



CHAPTER ITII
THE WEAPONS SYSTEM ACQUISITION PROCESS.

The concept of what constitutes a weapons system has
evolved over the last few years. Current thoughts on this
subject have expanded from the traditional idea that a
weapons system was merely physical hardware to the broader
idea that the total system congists of many supporting
functions, each of which is necessary for the system to
pexform. Section one, then, will discuss the current think-
ing on weapons system definition, the basic types cf weapons
systems from a nodel point of view, and cost trends of major
aircraft systems over the last thirty years. Section two
will define the life cycle concept and attempt to show how
this haé a direct bearing on the resultant type of planning
and control system used. Section three will describe the
basic contracting patterns for major weapons systems and
attempt to record certain key changes in the military market
which have potential impact on the contractor's way of doing
business. Subcontractor relationships are introcduced in
section four, along with some discussion of how a structured
management system dictated to a prime contractor will have
direct bearing and impact on its subcontractors. Uncertain-

ties of resource allocation were briefly discussed in

59
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Chapter II, but will be reiterated here to describe in
specific terms why the military agencies feel justified in
demanding closer cost control over their purchases. The
resource allocation variables of cost, time, and performance
are implicit in any sophisticated planning and control
system; thus they represent the common threat throughout

the paper for relating much of the material back to the
Cost/Schedule Control Systems Criteria and its impact on

the acquisition process. Finally, section five of this
chapter will briefly catalog some of the contemporary weapons
systems now being developed or currently in debate. The
imposition of any new requirement should be first noted in

the contracting framework of these large programs.

The Weapons System Concept
A commonly accepted definition of a weapons system is

"a cbmposite, at any level of complexity, of operational and
support equipment, personnel, facilities, and software which
are used together as an entity and capable of performing
and/or supporting an cperational role.”l In application,
this concept means that control data are no longer restricted
to hardware. An aerospace manager recently used the follow-

ing example to illustrate this point:

System Safety Program for Systems and Associated Sub-
systems and Egulpment: Regulations for, Military Standard
882 (Proposed), 4 February, 1969.
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We were once concerned only with the cost of

the arrow, but now cost for such elements as the

bow, supporting ground equipment, £facilities,

data, and training are all integrated for con-

sideration.?

The existing concept of a weapons system leaves something to
be desired in that size, or some other qualifying parameter,
is not used. The Cost/Schedule Control System Criteria
avoids this pitfall by segregating.the weapons system into
major impact categories. A primary military indicator of a
major weapons system is $25 million in research, development,
test, and evaluation, or $100 million in production.3 Almost
all aircraft and space vehicles fall in this category, as
well as many smaller system contracts in the electronics

and aerospace industries.

The Aerospace Technical Council, a study group formed
by the Aerospace Industries Association to study the impact
of technical considerations upon profitability and risk,
found that the weapons system development process can be
characterized by four basic product models. These models
are illustrated below:

Mcdel 1--Low technical content, high pro-
duction volume. Examples~-ordnance items such

as unguided rockets, rifles, trucks, ground
power units.

Speech by C. E. Stewart, Ling-Temco-~Vought Aeronautics,
Denton, Texas, January 20, 1969.

3 . .
C/SPCS: The Specification Avproach to Performance
Measurement (Washington, D.C., 1968).
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Model 2--High technical content, low pro-
duction volume. Examples--missile and aircraft
systems, ground radar systems.
Model 3-~-High technical content, high pro-
duction volume. Examples—--space and research
vehicles, ships, communication systems.
Model 4--Subsystems. Examples-—-engines,
navigation systems, ECM systems,
Each of the above models represents unique characteristics
of such variables as total dollar commitment; ability to
forecast performance, cost, and availability parameters;
and, most important, the basic requirements for planning
and control systems. For example, management control
systems of a "Model 1" program would be easier to design and
more sensitive to deviation than those required for the un-
certain task of controlling "Model 2" or "Model 3" programs.
The task group studying the development process concluded
that "“the existing contractual policies and regulations are
not compatible with the inherent technical uncertainty in
the weapons systems develcpment because they do not give
appropriate or adequate recognition to the unanticipated
technical unknowns."5 Recent changes in the military pro-
curement attitude indicate, at least verbally, that contrac-
tor contingency reservers are considered to be prudent and

acceptable, but must be specifically identified. The Cost/

Schedule Control System Criteria requires that contractor

4Aer05pace Technical Council, Essential Technical Steps
and Related Uncertainties in DoD Weapon Systems Development
(Washington, D.C., 19683), p. 5.

5

tbid., p. 7.
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management establish realistic budgets for contractual items
and use an identified reserve fund to indicate the level of
uncertainty. If this policy were actually practiced, it
would mean industry management would be under pressure to
establish tighter standards for control purposes. In this
hypothesized environment, future contract negotiations would
include more realistic estimates of the task to be accom-
plished and a separate reserve account to identify the level
of uncertainty. This would represent a departure from the
approach taken today.

Inflation is not solely culpable for the astronomical
rise in procurement cost of military equipment since the
fortiesf The procurement rhilosophy of buying highly complex
devices which significantly advance the state-of-the-art is
assumed by most industry sources to be the basic cause for
the increase. Tong's research at the RAND Corporation
revealed that the unit cost of electronics systems for air-
craft and missiles had risen fifteen-fold from 1955 to 1967.6
The cost of increasingly sophisticated "black boxes" has
risen so that approximately 89 per cent of the development
cost of one recent fighter plan2 was for electronic and

hydraulic subsystems, while only 11 per cent was required for

C. Tong, An Estimating Relationship for Fighter Inter-
cepter Avionic System Procurement Cost (Santa Monica,
California, 1966), p. 13.
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airframe development.7 Nonetheless, it is not difficult to
obtain reliable unit costs of various aircraft since World
War II. These data are presented in Figure 4, showing two
different categories of aircraft and their associated unit
cost trend lines. Table V uses the same basic source data
to show cost ratios of current systems versus the corre-
sponding cost of a similar system during World War II. Pre-
liminary forecasts for the next generation of equipment are
used to show relative price changes into the next decade.
In Table V ratios and the indicated values should be con-
sidered primarily as ranges, rather than discrete values.

Several significant points are revealed by the cost
phasing relationships developed in Table V., These can be
summarized as follows:

1. Unit cost for aircraft systems has increased sig-
nificantly in the last thirty years, primarily because of
increased complexity, optimistic technical ocbjectives, and
decreased quantities of procurement.

2. Service procurement philosophy is reflected in
smaller cost increases for Navy equipment as compared with
similar equipment for the Aixr Force. It is a common impres-
sion that Navy planes were often relatively straightforward
in design concept as compared with optimistic Air Force

program attempts.

7 . . : .
An interview with Mr. A (anonymity requested), aero-

space manager, March 12, 1969.
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TABLE V

COST PERFORMANCE OF VARIOUS ATRCRAFT TYPES®

Rlb R,
Air Force Med. Transports 32 N.A.
Air Force Fighters 89d N.A.
Air Force Bombers 67 3.5
Navy Fighters g8 (30)° 4.1 (1.2)€¢
Air Force Hvy. Transports N.A. (4.2-5.1)

Agource: Authorization for Military Procurement, R&D
Fiscal Year 1969, and Reserve Strength Hearings, 90th
Congress (Washington, 1868), 2450,

bThe ratio R, is calculated by dividing the World War IIX
cost of a compara%le system into the existing system cost.

the ratio R, is calculated by dividing the cost of a
current system in%o the future projected cost of the next
generation system (i.e., B-52 cost divided into AMSA, C-133
into C-5A, etc.). Data shown for R, merely indicate pre-
liminary planned constant dollar values. These ratios will
be conservative if historical overrun patterns are indicative
of the future.

dThis value is highly suspect since the F-111lA system
is experiencing cost overruns at present. The 6.4 million
dollar unit price used here is an early 1969 estimate made
by the president of General Dynamics.

®F-111B contract was cancelled by the Navy, thus lower-
ing the cost used in calculating existing system values. A
more realistic range, using this latest data would ke as
indicated in associated parentheses (i.e., F-111B unit cost
at 6.4 million dollars).

3. The next generation of weapons systems will
apparently experience additional factor increases in unit

cost of 15 per cent to 510 per cent, thus reflecting con-~

tinuing emphasis on technological advance. This point will
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be useful for framing future conclusions in regard to manage-
ment control techniques.

Historical studies of weapons system cost performance
reveal an unimpressive pattern., Even with consideration for
inflation and production quantity adjustﬁents, the average
cost overrun was found to be 220 per cent of the contract
price based on a sample size of twenty-two systems.8 The
causes of these increases have already been stated. The real
contribution of the Marshall and Meckling study was the
sophisticated statistical analysis performed on the various
variables to obtain certain conclusions regarding the pro-
ducer's ability to accurately estimate costs.

A hypothetical cost model will be presented in the
following section in guantitative terms. The reason is
twofold. First, the model indicates that one of the major
contributions of well catalogued cost data is reliable
historical data for comparison and predictive use., Sur-
prisingly enough, this is not available today. Second, the
application of a model represents a shorthand summary method
of discussing the significant variables which have impact
on cost estimates.

The weapons system cost distribution curve has been
shown to be positively skewed, as illustrated in Figure 5.

It should be emphasized that there is strong evidence to

8Marshall and Meckling, p. 1l4.
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Fig. 5-—-Weapons system cost distribution curve

support the statement that cost overruns are decreasing in
magnitude through time. This would mean that the distribu-
tion curve is tending to normalize away from the positive
direction. 1In part, the cost overrun phenomenon represents
optimism in contractor management and the desire to be
accepted for a major development effort. Although cost over-
runs on most recent major contracts have been less than

100 per cent, the tendency is still on the optimistic side.
The unit cost estimate (Ce) of an aircraft, space system, or
electronic device is felt to be governed by the same basic
concepts. The resulting cost can be expressed symbolically

as
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c = £(X,, X )4 X

e T S.’ If Qf X X )

c’ D
Where, Ce = Estimated unit cost, §/unit;

Xp = Operational time reference, yr. (i.e.,
19xx);

X. = State-of-the-art advance (i.e., zero for no
advance, to strongly positive for signifi-
cant advance);

X. = Inflationary variable (i.e., an index which
represents cost changes due to changes in
the monetary unit);

X . = Quantity adjustment (i.e., decreasing unit
cost due to the learning curve phenomenon
and the broader base over which to amortlze
development costs);

X, = A qualitative measure of the contractor's
ability and desire to perform (i.e., positive
for poor performance, or negative for good
performance) ;

X, = Length of development period as compared to
optimum. Cost increases as "crash" develop-
ment is undertaken.

Using the Greek letters o, B, vy, A, 8, €, and A as empirical
constants, a possible cost model may be postulated as follows:

Co = O+ BXp + yXg + AXp - 80X, * eX, - MXp.

The cost equation represented above could then be developed
to make unit cost estimates, given projections for the
following variables: (L) operational date (Xi), (2) state
of technical advance (XS), (3) inflationary trends (XI),

(4) force size (XQ), {(3) contractor performance estimates
(XC), and (6) an estimate of optimal development time {XD).
If a system were to be developed under static economic con-

ditions and optimal development, then variables two through
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six above would exért little corrective influence on result-
ing cost. Under such circumstances, the cost estimate would
be essentially dominated by the operational time reference
variable, XT. A second degree regression equation was
developed in Figure 4, using an assumption and systems cost
found to be closely correlated to operational data. Such an
exercise should not be construed as attempting to show cause
and effect relationship, but it is significant to note how
time has functioned as a bivariate independent cost estimat-
ing variable.

Thexre are two reasons for showing unit cost versus time
and describing abstract cost model equations. First, the
regression line dramatically illustrates cost trends for
various types of aircraft since the forties and, second,
both sides cof the acguisition process—~buyer and seller--are
looking at empirical relationships of this type. The recent
effort has been severely hampered by the lack of reliable
cost data at the lower levels of the acquisition system,

The success of future attempts to derive valid cost estimat-
ing relationships appears to be dependent on the availability
of structured, reliable, and easily retrievable data at any
level of interest (l.e., system, fuselage, wing, subsystem,
etc.). 1In the companies interviewed, the problem of re-~
trieval is being approached by use of high speed computer
systems; however, at this time, neither the buyer nor the

average producer 1s taking the myriad of raw data and
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developing meaningful cost relationships. Future improvement
will undoubtedly come in all phases, leading to more sophis-
ticated cost estimating models. Successful implementation

of the Cost/Schedule Control Systems Criteria is certainly a
vital step in this development and a key reason why many
contractoxrs fear such a system. Cost constraints generated
by valid costing models should have a tremendous impact on
operating methods in the aerospace industry and possibly in
the electronics segment also. Constraints on price negotia-
tions affect the contractor's bargaining position.

Although a future cost model may not make use of the
format presented, attempts in the future are likely to use
similar empirical relationships developed from historical
data. The RAND Corporation, for example, is working on cost
models, but documentation on the form or structure is un-
available. Finally, the weapons system concept has been
viewed as expanding the traditional focus beyond that of the
hardware itself into a broader analysis of such other ele-
ments as personnel, facilities, training, support equipment,
and operations cost. Much traditional thinking has been
invalidated through this broadened approach. Regarding cost
increases, perhaps the unit cost may not be as significant
a variable for analysis as some other relationship, such as
"boom per buck." Although these questions cannot be dealt
with here, they should be recognized as impinging on the

subject,



72

Life Cycle Concept

The life cycle concept of a weapons system is an
innovation of the sixties, apparently having its origin in
the early writings of the Rand "brain trust." The realiza-
tion that a weapons system cost encompassed more than its
production expense forced military planners to require data
other than functional defense budget categories such as
personnel, procurement, and operations.9 Little effort was
made to collect and forecast cost by mission, which was the

basic raison d‘'etre of the military. Various weapons systems

were funded cone year at a time with little apparent plan-~
ning for future requirements and overall systems cost.}‘0 To
alleviate these two problems, the weapons system life cycle,
"cradle-to~grave," concept was developed. System costs were
identified and grouped as (1) research and development,

{(2) investment oxr procurement, and {3) annual operating
costs, then further categorized by majcr function.ll
Figure 6 illustrates the impact of these expenditures over

the total of the life system. Additionally, the time cycle

of this expenditure incurrence is indicated.

9David Novick, editor, Program Budgeting (New York,
1969), pp. 85-86.

10

Ibid.

llJ. D. McCullough, Cost-Effectiveness: Estimating

Systems Costs {Santa Monica, California, 1965), p. 1I.
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World War II saw marked increases in the cost of per-

forming weapons system development work. The cost of produc-

ing a prototype aircraft increasa2d from $10,000 in the

twenties to $600,000 by the early forties.l2 One year's

funding of the current P-14 development amountad to $130

million,13 while a six-year research and developrent effort

l2Peck and Scherer, I, 350.

l3Department of Defense Aporopriations, Senate Hearings
before the Committee on Appropriations, Fiscal Year 1969,
90th Congress {Washington, 1968), p. 2520.
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for the F-11l1B amounted to $72 million.14 This comparison
illustrates the increasing development expenditure reguired
for a modern weapons system. Figure 7 indicates the in-
creasing importance of development cost as a ratio of the
overall system costs, This trend is typically caused by
increasing complexity of the system and decreased quantities
of production. From an analysis of historical procurement
practices it appears that military planners today hesitate
to name systems and their primary developers. This has the
effect of holding project focus and its cost data together.
In the past, unsuccessful ventures were merely csncelled and
the sunk costs were often not identified with a particular
mission.

Some of the increased cost of development is illusory,
then, since much effort, fragmented in the past, is now
combined into one package for presentation.

The current approach to system development is to en-~
vision a system, formulate the necessary performance
parameters which the system must meet, and then proceed
into a contractor proposal stage to @nalyze individual
approaches. Throughout the initial conceptual stage, design
emphasis is placed on mission and basic performance parameters,

Subsequent stages of the conceptual effort are designed to

14, , . C o '
Authorization for Military Procurement R & D, Fiscal

Year 1969 and Reserve Strength Hearings, before a sub-

committee of the Committee on Armed Services, U.S. Senate,

2d Session (Washington, 1968), p. 1114,
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to further refine design concepts, cost estimates and other
related factors. A characterization of a "typical" large
weapons system with regard to time, cost, and element mix
is summarized as follows:

1. Total system cost for a major aircraft system is of
the order of $3 billion.

2. The time cycle for development, production, and
operation for a successful system is ten to eighteen years.

3. Total life cycle element cost mix appears to be
approximately 20 per cent for development, 45 per cent for
production and 35 per cent for operation.
None of the data given above are fixed; there is some oppor-
tunity to make resource trade-coffs among these variables.
For instance, it is possible to invest more money in develop-
ment to decrease production or operating costs. Modifica-
tion programs are often used to update a system at reduced
cost over a complete redesign effort. Regardless of the
objective or the technigue, the government as a buyer is
vitally interested in total cost of the system and not just
flyaway unit cost. Future contractor data requirements will
have to be made with censideration oi this bias and attempt
to supply meaningful irput data for total systems analysis.
Production planning and control systems are relativelf well
degigned and reliable, but the same cannot be said of
development techniques in this industry. Industrial

engineers, military planners, and cost analysts have long
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felt that the key toc system efficiency lay in proper control
of the development cycle. Control improvement opportunities
for technologically innovative or experimental systems are
found in the early stages of the life cycle and not neces-
sarily on the production floor or flight line. Thus, the
focus of this problem will be narrowed in scope to the
research and development cycle, with little investigative
attention given to the production or operations cycles.
Omission of discussion relating to the areas of operation
and production ig further justified by the fact that the
Cost/Schedule Control Systems Criteria will be used primarily
in the development stage.

Hitch and McKean feel that the three root causes of
error in the management of military research and development
are

1. The failure to properly treat and
evaluate uncertainties.
2. The tendency to undervalue future out-

puts relative to current ones {(research for

tomorrow is not recognized to be as important

as hardware today).

3. Certain tendencies of bureaucracies

such as the tendency to overcentralize.

Point one above has been mentioned frequently and will not
be discussed further. Point two is less obvious and does

need some elaboration. It is relatively easy to measure the

benefit of a system as it comes off the assembly line and

lSCharles J. Hitch and Roland N. McKean, The Economics
of Defense in the Nuclear Age (Boston, 1967), p. 248.
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goes into the operational inventory, but the benefits to be
derived from research and development are not so immediate
and certain. It is this logic that congressmen have used to
cancel appropriations for future systems. Hitch and McKean
indicate that decisions of this type should be made in light
of future savings, thus future savings must be discounted
back to the present in order to justify expenditures. Once
again, the systems and life cycle concepts are implicit in
this analysis and vital to its implementation. In recent
years econcmetricians have become more vital to the weapons
selection mechanism, and it is in the areas of least cost
system and least cost combinations that they have made the
greatest theovetical contributions. Systems analysts, widely
used during the McNamara era in the Department of Defense,
attempted to apply basic economic concepts to the complex
problem of weapons system selection. These decisions, which
are being subsequently implemented today, offer little
definite proof that man is caspable of modeling complex situa-
tions in search of optimum solutions. Nevertheless, the
basic management and operating techniques of military pro-
curement today reflect this approach. The subject matter of
this research is a direct outgrowth of this approach, as
will be illustrated in the next chapter. Although one can
do little more than speculate about the tendencies of
bureaucracies to overcentralize, the third point made was

that there seems to be a trend to more centralized decision~
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making in the Department of Defense. If this trend is to
continue, it would imply an additional need for systems data
which could be furnished by implementing of the Cost/Schedule
Systems Criteria and related reporting reguirements.
Contemporary thinking about the proper management of a
large weapons system is undergoing considerable evolution.
On the one hand, overwhelming evidence is now available to
indicate that research projects must be relatively unstruc-—
tured in order to maximize results, while, on the other hand,
centralized planning and decision making are dictating
specific requirements for the next generation system. In
order to satisfy both of those trends, the government current
" practice is to fund one or more bidders through the formula-
tion stage of development where the following prerequisites

are established;

1. An evaluation of the technology is made
and risk elements are identified.

2. A thorough analysis of various alterna-
tives are made.

3. Basic mission and performance parametexrs
are established.

4. Cost-effectiveness of the proposed item
is determined to be favorable in comparison with
any other existing or proposed system.

5. Cost and schedule estimates are creditable
and acceptable.l

Contracting Mechanism
The next area of consideration is the evolution of the

contractual relationships between buyer and seller in the

lsSchmalz, p. 75,
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weapons acquisition process. Not only is the contractual
mix of products purchased by the government changing, but
the way in which these items are procured is also changing.
Since World War II, two major events, which are important
background for this study, have occurred in government pro-
curement. First, the changeover of weapons development and
production from arsenal to private firms during World War II
significantly altered the business relationships between
producer and consumer. Second, a more recent and relatively
subtle trend towards cost consciousness in the government
segment is now emerging. The present procurement environment
can be essentially summarized as a convergence of the two
events outlined above. The government now operates as a
multi~billion dollar spender in a capitalistic economy where
the contractual relationships between the parties are under-
~going change in the direction of more complicated and in-
centive oriented techniques. The stated purpose of these
methods i1s to assume restrained noninterference when the
contractor is doing well, but guick and effective interven-
tion when perxformance begins to lag.17 A recent Aerospace
Industries Association (AIA) report summarized the procure-—
ment environment as follows:
Many changes have taken place in government pro-
curement over the last several years. Contractor's

risks have increased as a consequence of policies
regarding fixed-price contracting, cost ceilings,

17Peck and Scherexr, I, 575.
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multi-incentives, schedule incentives, warranties,

correction of deficiency clauses, total package

procurement concept, etc., without realistic
consideration for the balance between proft and

loss potential.

The Cost/Schedule Control Systems Criteria fit into the
procurement picture primarily as information devices with
regard to cost, schedule, and performance for designated
contracts. The established intent of these criteria is
their use for major contracts of a non-fixed price nature.
All of the large contemporary weapons systems now in the
development process are committed to applying the Criteria
approach to cost, schedule, and performance management.

In theory, the contractual mechanism should become more
binding on the producer as the level of uncertainty is de-
creased in the development process. The logic for this is
that cost and time estimates should become more accurate as
the system approaches the production stage. Figure 8, "Timing
in the Department of Defense system life cycle," indicates the
traditional approach for weapons system procurement. It should
be noted that this contractual form tends to become more fixed-
price oriented as the system evolves through its life cycle.
Key decision points, or milestone events, are being increas-
ingly used to monitor program performance. Also, in an

attempt to insure creditability of contractor estimates,

1 . . . .
8Aerospace Technical Council, Essential Technical

Steps and Related Uncertainties in DoD Weapon Systems
Deve lopment {(Washington, D.C., 1968), p. 4.
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various performance incentives are often superimposed on the

basic

contractual document.

For example, the development of

the A-7A aircraft by LTV Aerospace Corporation included the

following penalty incentives:

1.

the weight-empty specification.

2.

$75,000 penalty for failure to meet

$500,000 penalty for failure to meet

the maximum speed at sea level specification.

2
7w

$65,000 per day penalty for failure

to meet the delivery schedule requirements.

4.

the maintainability requirements.

$750,000 penalty for failure to meet

19

Vought

Statement by Clyde Skeen, President of Ling-Temco-

Corporation, February, 1967.
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The effect of such penalty and incentive clauses is to force
the contractor to do detail planning before committing the
corporation to such critical clauses which could jecpardize
profit-incentives. Definition stage proposals also create
an additional contractor's cost of doing business with the
government.

The considerable attention currently paid the weapons
system contracting mechanism is designed to encourage im-
proved contractor performance. Life cycle contracting under
Total Package Procurement, mentioned earlier, is designed to
stimulate competition among contractors in order to obtain
system prices which resemble those that would be generated
in a competitive market. A secondary impact of this is the -
provision of usable cost histories applicable to establish-—
ing meaningful costs for future contracts.20 The question
now being asked is "How much should the system have cost?"
rather than "How much dces the accounting system say it did
cost?"” Over the last decade the government has been a pace-
setter in establishing highly sophisticated management
svstems and processes to deal with these and other related
questions.zl The Cost/Schedule Control Systems Criteria is
the continuation of this effort, tightly intertwined im the

contracting mechanism.

. Irving N. Fisher, A Reappraisal of Incentive Contract-
ing Experience (Santa Monica, California, 1968), p. 43.

2lSchmalz, p. 159.
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Two basic types of contracts are used in defense con-
. . 22
tracting: fixed-price and cost-reimbursable contracts.
Within each of these categories there are multiple options
concerning cost liability. The following are the major
varieties of pricing arrangements:
Fixed-price contracts
Firm—-fixed-price (FFP)
Fixed-price-incentive (FPI)
Fixed-price-redeterminable (FPR)
Cost-Reimbursable contracts

Cost-plus-fixed-fee (CPFF)
Cost-plus-incentive-fee (CPIF).

23
Fixed-price~redeterminable contracts are no longer used
extensively; moreover, it is somewhat erroneous to classify
them as fixed-price contracts, since they provide fox
periodic price renegotiation during the life of the contract.
Table VI illustrates a summary of the contractual pricing
arrangements for defense expenditures for various years. The
most obvious trends indicated by these data are the increas-—
ing affinity, since 1960, for firm—fixed-price contracts and
the decreasing importance of cost-plus-fixed-~fee contracts.
Former Secretary of Defense Robert McNamara has stated that
procurement costs are 10 per cent lower under the new system
than they would have been, given the cost-plus-fixed-fee

contract for similar purchases.z4 The shift towards incentive

22pisher, p. 1. 231pid.

24 '
See statement of Secretary of Defense Robert S.

MgNamara before the House Armed Services Committee on the
Fiscal Year 1966-1970 Defense programs and 1966 Defense

Budge?, February 18, 1965, Senate Suhcommittee of DoD Appro-
priations, p. 187.
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TOTAL DEFENSE EXPENDITURES BY TYPE OF PRICING ARRANGEMENT

Fiscal Year

Contract Type® 19602 1966 1968°
Fixed-Price
FFpP 31.4% 57.5% 52.7%
FPI 13.6 15.9 18.7
Other 12.4 5.8 6.2
Cost-Reimbursable
CPFF 36.8 9.9 10.8
CPIF c 3.2 8.3 3.0
Other 2.6 2.6 2.6
Totals 100.0 100.0 100.0

3pirectorate for Statistical Services, 0SD, Military

Prime Contract Awards, Fiscal Years 1960 and 1966.

bDirectorate for Statistical Services, 08D, Military
Prime Contract Awards, July 1968-March 1969.

“Includes cost sharing contracts.

dIncludes FPR contracts.

e s . . .
Contract abbreviations are discussed in the preceding

pages of the text.

contracting places greater financial risk on the contractor

since the government no longer stands ready to absorb com-

pletely cost overruns.25

function is the government pledge to allow commensurate

profits to be earned for superior performance.

Associated with the increased risk

Fisher's

study, ccnducted at the Rand Corporation, indicates that the

25Fisher, p. 3.
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average profit margin for fixed-price contracts was approxi-
mately 10 per cent, while cost-plus contracts generated
profits less than 6 per cent.26 Actually the picture is
more complicated than these statistics indicate. It appears
that many companies often increase cost-plus development
costs and show low point margins in order to "buy in" to
fixed-price production contracts which are negotiated using
the inflated development cost data. Profit margins versus
contract type may thus be illusory.

Cost overruns are also found to be a function of the
contract type and the individual contractor. The RAND

study, A Reappraisal of Incentive Contracting Experience,

noted that the average per cent overrun on cost-plus-fixed-
fee contracts was 1.90 per cent of the original -target price,
while fixed-price-incentive contracts underran thé estab-
lished target price by an average of 3.18 per cent.27 The
current trend in procurement, in consideration of this
historical trait, is toward the increased use of fixed-price
contracts and tightly established target costs for use as a
cost control device. PReyond the increased use of fixed-
price contractual types and incentive devices, certain other
techniques are being used which essentially increase the
contractor risk function. Cne device which has received a
great deal of notoriety is the concept of "Total Package

Procurement."

26

Ibid. ' 271pid4., p. 21.
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Total Package Procurement (TPP) is an innovation which
the Air Foxce first undertook in the C-5A heavy transport
aircraft procurement in September, 1965. Basically, this
method differs from traditional approaches in that the
development and production contracts were contracted simul-
taneously using fixed price technigues with performance and

. . 2
cost incentives. 8

It should be noted that the full history
of this technique is yet to be completed, and the conclusion
as toc its value is not yet clear. ©Nevertheless, the concept
of limited life cycle procurement is now recognized and is
consistent with the prevailing theory of considering total
life cycle cost. The establishment of a true cost can be
best accomplished by purchasing a significant part of the
total requirement on a fixed price basis and not allowing
the original decision to be eroded by consistent price
overruns. Total Package Frocurement (TPP) thus becomes a
"bundle bidding" process for both the contract definition
phase (CDP) and a substantial portion of the following pro-
duction run. In addition, certain change—inhibiting clauses
are used in the contract which make the overall development
process more binding on hoth the government and the producer.
Early experience with Total Package Procurement projects

indicates two basic conditions which must exist in order to

2
8Thomas K. Gleanan, Innovation and Product Quality

Under the Total Package Procurement Concept (Santa Monica,
California, 1966), p. iii.
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develop successfully a system using this contractual method:
First, it must be possible to define the performance require-
ments in great detail and with high accuracy. Second, the
system development should not attempt to advance significantly
existing technology.29 Although large cost overruns result-
ing from attempts to advance technology have been reviewed,
there are added dimensions. For example, the Air Force has
continually tried to update weapons systems during the
development cycle. This attitude has significantly struc-
tured the operating methodology of the industry, but Total
Packaga Précurement promises to influence such practices.
Major impacts which TPP technigues could have on contracts
are

1. Both parties should benefit from the
long-run stability and continulty implicit in
the method.

2. Emphasis on the total life cycle
dictates that the user study more thoroughly
actual system reguirements prior to contract
signing.

3. The very essence of Total Package
Procurement discourages changes in contractual
agreements.

4. Total Package Procurement forces gooed
management planning at the outset.

5. Greater financial risk is forced on the
contractor, and possibly even down to the sub-
contractor.

6. Due tc an increased need for definition
proposal costs have increased significantly.

7. The early design freeze implicit in
this method may stifle innovation and creativity
by the contractor.

9General W. A. Davis, "Management Systems for Package
Procurement," Defense Industry Bulletin, II {(December, 1966},
1.
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8. TPP approaches place greater emphasis on

the cost variable in relation to performance oOb-

jectives.30

Three significant programs have been requisitioned
using the TPP concept. These are the C-5A heavy transport,
the Short-Range Attack Missile (SRAM) and the Mark-2 avionics
package for the multiple configuration F-~11l aircraft. It
is interesting to note that each of these programs ran into
significant cost problems, with profit margins for the con-
tractors either small or non-existent. For example, the
C-5A contract is currently overrunning original target by
approximately $2 million per unit, a cost ratio of 1.6; the
Short-Range Attack Missile (SRAM) project is overrunning
original target by at least $50 million, a cost ratio of

1.45.31 The Mark-2 avionics system is in equal trouble on

cost, in addition to technical and subcontractor problems.32
The original contract for this system was $145 million, but
this was renegotiated in the summer of 1968 to $196 million

in recognition of the Air Force directed changes to the

system.33 Further changes in the contract are contingent

30 , . .
Most of these items are expressed, in essence, by

General Charles H. Terhune, "Total Package Procurement Ad-
vantages and Disadvantages," Defense Industry Bulletin, II
{(November, 1967), 26-27.

3]'“DoD Defends C-5A Cost Overrun," Aviation Week &
Space Technology (January 27, 1969), p. 17.

32Cecil Brownlow, "Mk.-2 Hits Severe Cost Problems,"
Aviation Week & Space Technology (March 3, 1969), p. 16.

33

Ibid.
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upon fixing the responsibility for expensive specification
changes. Nonetheless, the contractors and subcontractoxs are
being severely limited in profit on these contracts and will
probably be gquite wary of such arrangements in the future.

It is pertinent to note that the innovator of this technique,
Robert H. Charles, who was assistant Air Porce Secretary for
installations and logistics, has been relieved of his job

due to allegations that he altered cost figures on the C-5A
program in an attempt to conceal development cost overruns.
His motive, it was charged, was to avoid damaging Lockheed's
stock market position.34 With this action, the government
began to question seriously the further use of Total Package
Procurement. However, the method has made a lasting impres-
sion on government procurement philosophy and appears to have
found some permanence under othexr titles. As an example,

the F-14 fighter development is being performed under much
the same concept. 2 source35 at Grumman Aircraft, the prime
contractor on this system, states that the company has every
confidence of meeting the requirements of this development
and production contract on target due to the tremendous
amount of planning undertaken before the contract was final-

ized. Much of the management technology which plays such a

34"More Questions About the Pentagon," Business Week

(May 10, 1969), p. 182.

35An interview with Edward Siebert, Director of Opera-
tions Planning and Scheduling, Grumman Aerospace Corporation,
August 21, 18969.
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vital part in this initial planning effort is reflected in
the Cost/Schedule Control Systems Criteria (C/SCSC). The
network planning techniques and the Work Breakdown Structure,
implicit in the Criteria approach, begin as reguired planning
"tools in the early life cycle of the system and become
control oriented devices in later stages,

The future form of military procurement contracts will
likely continue to place emphasis on total system procure-
ment, with sharing and incentive clauses remaining in broad
use. It would appear that efforts to provide the government
with program visibility into cost, schedule, and performance
parameters will be increased. The ramifications of such a
system would enable the government to maintain an increased
level of disengagement from the contractor while, at the
same time, being relatively sure that the contract effort is
progressing satisfactorily. The cuxrent state of management
art does not aliow this approach to exist for all cases since
many tasks cannot be accurately preplanned at the ocutset.
Future evolution would seem to be directed towards greater
recognition by the government of total systems requirements;
and the contractors will likely be forced to make the same
recqgnition within their own spheres of interest. Informa-
tion devices to satisfy total system needs, both from the
weapons system and organizational points of view, will con-
ceivably be oriented toward more automated technigues in

order to satisfy the reporting requirements of internal and
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external sources. Theoreticians have been writing about the
“"total systems concept" for several years now, but the

C/SCSC is the first known broad-scale attempt to actually
implement such a system. The Air Force C/SPCS had previously

been applied on a smaller scale.

Subcontractor Relationships
A recent listing of the major defense contractors since
World War II revealed that only seven of the top twenty con-
tractors were primarily occupied with the development and

production of large weapons systems.36

The remaining thirteen
occupying these top positions were generally in the subcon-
tractor category. The economic impact of weapons system cost
is almost equally distributed between the prime oxr system
contractor and the multitude of subcontractors who signifi-
cantly contribute to the overall success or failure of the
undertaking. System contractors typically subcontract

between 29 per cent and 65 per cent of the total contract

dollar value.37

A welghted average over the past several
years for large aerospace ccmpanies has been approximately
50 percent.38 These data are significant and pertinent to

the discussion because of the control problem created by

36Aer08pace Facts and Figures, 1968, p. 9%4.

37 .. , . .
Figure based on responses to guestionnaire survey
associated with this research.

38Peck and Scherer, 1, 131.
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subcontracting. A control system which applies only to the
prime contracting firm will obviously be ineffectual to the
extent that one-half of all contractual eXpenditures occur
at the subcontractor level. However, because of increasing
complexity. in weapons systems, government procurement is
forcing greater dependence on prime and lower level contrac-
tors. |

There is a significant trend toward the relatively small
and highly technical company having great expertise in
specialized areas such as radar, infra-red, lasers, optics,
avionics, etc. The broblems indigenous here are similar to
those previously expressed as existing in the laxger con-
tractor's organization. There are several examples in
recent years where the cost, performance, or timing of a
subsystem became the pacing item for the total system. For
the most part this interface problem has been recognized
within the aerospace industry and large expenditures to pro-
vide technical and administrative liaison with the subcon-
tractors are common. Much of the current effort has been
oriented towards the solution of technical or schedule
problems. Subcontractor financial problems are becoming in-
creasingly important. There is evidence available to indi-
cate that subcontractors are now being "squeezed" on prices
in many contracts. For example, the new "Total Package Pro-
curement" concept, mentioned earlier, has created significant

financial problems for the Norden Division of United



Aircraft Corporation.39 A $3% million writeoff on the

Mark-~2 avionics system reduced overall company profits.
Similar reports have been made by cther subcontractors who
have been left wanting on the financial side of the contract,
with relief difficult to find. One corporate official, S. C.
Pace, the executive Vice-President of TRW Incorporated,
feels that the subcontractor must be given some relief in
future contracts or smaller companies will look elsewhere
for business.40
In the subcontracting firms the types of contractual
gocuments are just as varigd as those noted for large systems
contracts, and there appears to be a significant trend towards
fixed-price relationships at all levels of defense procure-~
ment. For purpcses of this study a subcontractor is con-
sidered to be any external firm that expends resources in
return for financial consideration from the prime contractor.41
The multitude of subcontractors can be catalogued in four
basic groups:
1. Contractors that sell standardized maﬁerials for
use in system fabrication or development. Examples are raw

material, valves, gages, wire, etc.

9Brownlow, p. 16.

4 n T 5 3
© A Government/Industry Look at Procurement in this
Decade,” p. 7.

1 . .
Engine manufacturers do not f£fit the above definition
as they often contract directly with the customer.
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2. Contractors that handle the overflow work of the
prime contractor. This work is usually well defined in
advance, although may still require considerable technical
skill.

3. Producers of special items which are manufactured
to prime contractor specifications and which usually take
specialized knowledge or equipment to manufacture. Examples
are tooling, castings, hydraform parts, etc.

4. Subsystem contractors who perform design and pro-
duction effect on cﬁmplex "black boxes" or major system
components. This type of subcontrxactor differs from the
others in that the firm engages in significant technical
effort at relatively high financial investment. Examples
are radar, avionics, tail assemblies, computers, etc.

Figure 9 schematically represents the subcontractor relation-
ship placed in perspective with the total resource effort.

From a funds allocation point of view, three important
elements are design effort (20 per cent), production effort
(30 per cent), and the external subcontract of subsystem
design and development (35 per cent). A cost control system
should provide adequate visibility into these major areas
to insure proper allocation of resources. In actual practice,
the problem of visibility is one of achieving results
without generating excessive cost control for the type of
contractual agreement used. Fixed-price contracts should

reguire little external cost reporting; however, cost~plus
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relationships might go into great documentation. The
guestion of control depth appears to constitute a significant
power struggle among the various contracting parties. Each

side of the contractual agreement--government and contractor--

System
Integrator
50% . 50%
Internal Bxternal
Allocation Allocation|

P ! [ I 1 | }
| [Desian | | prosuction | RS Jovereiow FESC:) Ra0YS- | |
| (1) (3) (4) |
: 20% 30% 3% 5% 7% 35% ;
|

—

Fig. 9--Diagrammatic representation of subcontractor
system relationships. See Rokert E. Johnson and George R.
Hall, Public Policy Towards Subcontracting (Santa Monica,
California, 1965), pp. 6-10.
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feels adeguate to the developed task. For analysis of
future trends it will be necessary to hypothesize various
consequences which are dependent upon the emerging control
philosophy.

The complexity and magnitude of tﬁe problems of a sub-
contractor are considerable. Two examples have been chosen
to illustrate common occurrences. Subsystems contracts
observed in the case study analysis often had a total life
cycle value in excess of $10 million, and values larger than
this are becoming more common. A second example is found in
the KC-135 production effort which, on subcontract, had the
following specifications: {(l) a 43~foot section of the
fuselage containing 23 major assemblies, (2) 510 sub-
assemblies, (3) 4,000 different parts, and (4) 10,000 dif-
ferent tools.42 Both of these examples indicate that the
general scope of subcontracting is increasing in physical
size, complexity, and cost. Future control systems will
have to recognize this fact. In addition, it would secem
that a future system would be further complicated by
organizational personality factors, or by the traditional
reporting patterns ingrained within each organization. It
appears that such a system would alter the present established

concepts of management prercgative, and make reliable and

42Novick, pP- 2.
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current information available for use in decision making.
Decentralization practices, so widely advertised in the
industry, could also come under attack and might actually

be reversed altogether to an extremely centralized decision-
making body.

In recent years the government has increasingly insisted
on a configuration control system which would guarantee
compatibility of the subsystem parts with the overall system.
There is also the regquirement that detailed records be kept
of component parts and procurement sources down to very low
levels in the production structure.

There appears to be an emerging trend in the relation-
ship of the prime contractor and its major subcontractors.
This trend is a team approach to proposal and development
relating to large systems contracts. Although there have
been isolated exceptions, the government generally Qill
accept the proposal as a total team package, not merely the
prime contractor's portion. Given this set of circum-
stances, it is not difficult to envision the subcontractor
occupying a miniature position guite similar to that of
the prime contractor. 1In this activity the major subcon-
tractor becomes an extension of the prime contractor, although
the scope of liability seems more limited. The subcontrac-—
tors visited or interviewed, which fit the above description,
had varying degrees of expertise in management control

systems and crxganizational philosophies. The smaller
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companies tended toward the typical functional organization,
while the larger companies, such as Texas Instruments,
Cocllins Radio, General Electric, and others in this size
class, relied on project organizations. In all cases, the
management control philosophy was functionally oriented, in
that existing systems were designed to report status by
functional unit or organization element. Those companies
that had automated reporting systems did have the ability

to sort data by other parameters which would yield limited
program or project data. However, it should be emphasized
that this capability was quite often very limited. The key
point of this discussion is that subcontractors, due to the
wide variety of customers and contracts, often have limited
ability to provide external data by automated means.
Manually-based data, other than schedule information, is
universally slow in being generated and lacks auditability.
With this in mind it appears that a requirement for generat-
ing sophisticated data regarding cost, schedule, or technical
performance significantly strains the current ability of the
typical subcontractor. There is strong reason to believe
that this capability will be expensive to develop and could
Change the contractor's traditional way of doing business.
The actual capacity of a contractor to develop such a
capability was examined in the case studies and will be dis-

cussed in some depth in Chapters VI and VII. At this point,
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however, an effort has been made only to outline the general

problems and establish a framework for subseguent analysis.

Resource Allocation

The cross-section of technical disciplines and com-
plexity of resources required to produce a modern weapons,
or space, system are unequaled in any other known endeavor of
"man. From the overall systems point of view there is an in-
creasingly complex problem with the coordination of develop-
ment and production activities among the various parties
involved. A great deal of organizational experimentation
has been conducted in the last decade to better accomplish
this task and yet maintain the established functional
approach. The result of this effort has been the evolution
of a project management structure within most defense con~
tractor organizations and a broader weapon-system management
concept at the service level.43 In recent years the overall
coordination of resource allocation has been called svstems
engineering. Weapon~system management and"systems engineer-—
ing' are concerned with the traditional problem of organiza-
tion relationships, as well as the recently recognized problem
of information by which coordination is attained.

Peck and Scherer classify the resource factors of a

weapons system as

43, . .

3Rlchard A. Johnson, Fremont E. Kast, and James E.
Rosenzwelg, The Theory and Management of Systems (New York,
1967), p. 138, T
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1. Scientists, development engineers, and
technicians.
2. Management.
3. Entrepreneurship.
4, Production plant, machinery, and equip-
ment.
5. Research and test buildings, machinery,
and equipment. 44
6. Hourly production labor.
This study concluded that items one and two were the most
critical to success of the enterprise. Factor three, entre-
preneurship, is difficult to measure in defense systems
since the customer has traditionally assumed much of the risk
for the undertaking and been involved with many of the major
decisions. The aerospace industry has a relatively low
capital investment per employee {(items four and five) as
compared with the average for American industry. Comparing
the data below with $20,000, which represents the national
average for American industry, one can see that the aero-
space industry has high costs per manpower hour, although
the government does supply some additional capital to the
contractor. Approximately one-half of each sales dollar is
paid out in salary for production and design employees.45
Professional salaries were $3.7 billion in 1968, and produc~
tion workers earned $5.6 billion during this same periodgd.

Professional salaries have traditionally been the most dif-

ficult to manage from the contractor's viewpoint and the

44Peck and Scherer, I, 160.

5Aer05pace Facts and Figures, p. 2.
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TABLE VII

CAPITAL INVESTMENT PER EMPLOYEE®

Firm Investment
North American Rockwell . . . . ¢ & & + &+ o & & & $3140b
The Boeing COMPANY - + + o o = o o o o o o o « 4000°
General Dynamics .« . ¢ v ¢ 4 4 4 4 0 e 4 e 4 e a 2500d
Sample average + « « s+ « s 4 o a2 o e s . o« . $3210

qInvestment equals total corporate property, plant, and
equipment at cost divided by the average number of employees.

bAnnual Report 1968, North American Rockwell.
“Annual Report, 1968, The Boeing Company.

aAnnual Report, 1968, General Dynamics.

most difficult to audit from the customer's. More rigorous
reporting requirements will probably change much of the past
flexibility that contractors have had in allocating profes-
sional charges among various cost accounts. Traditional
industrial engineering concepts have long been used on
aerospace production lines, and this segment of the overall
effort does not appear to suffer the same problems of uncer-
tainty noted during the earlier development process. It
seems logical to hypothesize that future control systems in
this industry will attempt to update technically the exist-
ing information systems within the production area, plus to
exert pressure upon the engineering organization to pre-plan
their effort in a more rigorous manner. This appears to
summarize the intent of implementing a cost and schedule

control system for the Department of Defense. With such a
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system in existence, the resource allocation process would

become more regimented than at present.

Traditional Theory of Weapcns Systems
Development

Under the traditional theory of weapons system develop-
ment, the concept and components of the development possi-
bility curve are the same variables as those in Cost/Schedule
Control Systems Criteria. Therefore, it is appropriate to
discuss the generally understood concept of weapons systems
development. From a classical viewpoint, the development
of a weapons system was felt to constitute varying mixes of
time and total resources in order to assure some fixed level
of performance. The system developrent possibility curve
was thus viewed as a trade-off of available time with
resource availability constraints. This concept is illus-~
trated in Figure 10. This figure illustrates the possibility
for trade-offs between time and resources in developing a
weapons system of given performance. Point B indicates the
minimum utilization of resources, or the point at which
resource expenditures are optimized. Point C indicates mini-
mum development time regardless of resource level., Arcs A
and B, plus C and D exist due to the concept of diminishing
returns. The arc BC represents the efficient portion of the
development possibility curve in that time decreases as re-
sources are increased. The concept illustrated appears

primarily at the planning stage of the program. After this
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Performance = const.
D

T e

Development Time

b — — - -

Total Resources

Fig. 1l0--Development possibility curve (Source: Peck
and Scherer, I, 493).
stage, other factors seem to dictate the outcome. The
optimal conduct of a weapons system program must be viewed
as a complex management problem in which some of the vari-
ables must be suboptimized to achieve the overriding objec~
tives. Unless the significant wvariable is chosen in advance,
the entire management process may be suboptimized due to
conflicting objectives. The trade-off theory can be best
illustrated by again returning to traditional theory. Addi-
tional units of gquality, or performance as the case may be,
can be achieved with increasing amounts of resources. This
suggests that the development possibility curve shown pre-
viously in Figure 10 may actually be viewed as a family of
development possibilities, each curve representing a pre-
established performance level. If increasing curve values
represent increasing gquality levels, then the family of

development possibilities would appear as indicated in
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Figure 11. This fiqure may be interpreted as total costs
required to achieve a given level of quality at some time

interval. For example, the commitment of 0-X dollars will
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Total Cost
Fig. ll--Development possibility map with diminishing
marginal returns. (Peck and Scherer, I, 469).
produce a system of performance parameter 10 in time period
0-Q; also, the commitment of resources O-Y could produce a
system of performance parameter 10 in time period 0O-P, or a

system of performance 50 in time period O-R. This curve



106

thus displays relative trade-cffs between the variables of
time, cost, and desired performance parameters. Since these
are the same variables as those transmitted in the Cost/
Schedule Control Systems Criteria, the concept and components
of the development possibility curve are pertinent to this

. discussion,

There are many variables which collectively result in
the development possibility curve. The significant vari-
ables are project manning, multiple technical approaches,
overhead, and management.46 Preject manning refers to the
quality and guantity of human resources available for the
program. Within normal operating regions the time resource
required to complete a project will be an inverse function
of the resources available, although the concept of diminish-
ing returns causes the relationship to become hyperbolic.
Figure 12 illustrates this component of the development
possibility curve. Just as with the development possibility
curve, the region BC represents the efficient operating
portion. This concept is difficult to apply due to the lack
of gualitative méasures for human resources. Salary will
not suffice since one $20,000 engineer will probably be more
productive gqualitatively, due to advanced skills, than two
$10,000 engineers. Even with this restriction, however,

mocdern management techniques allow some flexibility in

46 : : : .
For a more complete discussion of this subject see

Peck and Scherer, I, 254-287.
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planning resource expenditures versus completion times. For
instance, several of the network planning tools allow dollarx
estimates to be used for discrete activities to show this
very relationship.

The second major variable of the development possibility

curve is that of multiple technical approaches. Much has

'—t-

Time

Total Resources

Fig. 12--Project manning {(Peck and Scherer, I, 257-260)

been written of this concept in the past thirty years, both
proand con. As far as theory is concerned, however, there

is no basic disagreement. In theory, if time is a constraint
and the probability of success is low or highly uncertain,
multiple approaches should be undertaken. The most notable
scientific use of this method came from the development
approach of the atomic bomb during the carly forties. In an
attempt to accomplish the desired task in globally minimal

time, five completely separate techniques were pursued
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through 1943. Three wexe then carried through until the end
of the war. Recently, the development of the operational
intercontinental ballistic missile proceeded along maltiple
paths with the Atlas and Titan programs. Within each of
these programs, further multiple efforts were attempted down
to the smallest critical components. Apparently the typical
weapons system development today attempts to avoid excess
use of multiple technical approaches, although its use is
prevalent enough to be recognized here. The effect of
multiple approaches to a single design goal is illustrated
in Figure 13. Time, t:, represents the period of time re-
guired for a “crash" development program with all possible
approaches to the solution explored. 1In recent years, many

authors have strongly criticized the regimented military

Total Resources

Fig. 13~-Multiple approaches (Source: Peck and Scherer,
I, 261~262).
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approach to weapons procurement. These writers feel that
the contractor should be given only general objectives and
left to his innovative talents to create a device which will
accomplish the desired result. Thus faxr, however, the trend
has been towards more definition of final product specifica-
tions, and the Cost/Schedule Control Systems Criteria depends
upon a significant level of definition in order to provide
control parameters. The preplanning of specific design
parameters and milestone accomplishment dates of these
parameters appears to frighten many contractors involved in
high technology development. This aspect of the procurement
operation is becoming known in the industry as "technical
tracking," or more formally as "technical performance mea-
surement." The decisions necessary to attain some pre-
determined level cf performance must accommodate the concept
of multiple technical approaches in order to assure timely
and adeguate completion of the contract.

The third significant variable of the development pos-
sibility curve is that of overhead. Given a relatively fixed
organizational structure, the level of overhead is found to
be primarily a function of time. This would suggest that
the expenditure of overhead funds is proportionate to the
system development period. Attempts to decrease resource
expenditures by extension of a program schedule are often
foiled by the maintenance of high overhead. 1In most aero-

space companies, the level of non-direct personnel is equal,
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at least, in magnitudé to direct charging units. This would
suggest that a time slippage due to technical problems in
one area could often be severely compounded as a result of
overhead charges. For example, a two month slip in engineer-~
ing development of some major subsystem might result in
excess direct charges in the vicinity of $10,000, but the
overall budget overrun would be at least doubled due to the
existence of continuing overhead and no other source to
absorb the additional charges. In summary, the overhead
function is critically linked to the direct charging units
and is found to be a cost accelerator when programs begin to
slip in time or occupy more resources than originally planned.
The fourth and final variable to be discussed as a
component of the development possibility curve is that of
management. The increasing complexity and size of weapons
system development have created more than a linear increase
in the level of management required. Obviously, a simple
statement is not possible to define the effect that manage-
ment expenditures have on the total development effort.
Peck and Scherer concluded that the cost o! management in-
creased with development time.d? Management is often hampered
in the decision-making phases of the program by the lack of
timely information and the coordinative aspects of the task.

It would appear that these deficiencies can be minimized only

47ipia., p. 264.
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by the expenditure of additional resources in the future for
more sophisticated management planning and control systems.
If this hypothesis is accepted, the management factor would
generally agree with Peck and Scherer's, as illustrated in

Figure 14.

Development Time

Total Resource

Fig. 14--The management factor {(Source: Peck and
Scherer, p. 263).

The factors discussed here will, when ccmbined, produce
a development possibilities curve as initially shown. Within
the efficient operating portion of this curve, there appear
to be significant trade-off possibilities between time, cost,
and performance. This concept is difficult to apply since
measurement units are difficult to establish for each of
these three variables. As an example, time can be arbitrarily

set as the period from scme formal beginning date to
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operational date, but the actual choosing of operational

date often becomes a matter of interpretation. Total re-
sources expended are usually framed in dollar costs units and
this would be adequate for many applications, yet the mix of
resources reqguired can be the true measure of a company's
ability to perform. Thus, resources assume both quantitative
and qualitative values. Technical performance becomes the
most difficult variable to measure because performance is
malti~dimensional to an even greater extent than the vari-

ables of cost and timne.

Stubbing's Contemporary Thesis

Richard A. Stubbing, in his recent Princeton master's
thesis, explored the perrformance of weapons systems over the
past fifteen years.48 Much of this information was gained
as a result of his job as contract examiner for major
weapons systems with the Bureau of the Budget. The quoted
sources were publicized as being non-classified. The
remarkable accomplishment credited to this source is the
analysis of performance versus cogst overrun and development
time. Linear regression curves, with performance as the
dependent variable and cost overrun or development time as
independent variables, are shown in Figures 15 and 16,

respectively. The regression eguation of cost overrun versus

48gichara A, Stubbing, "Improving the Acquisition
Process for High Risk Electronics Systems," unpublished

master's thesis, Princeton University, Princeton, New Jersey,
1968.
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resulting performance violates traditional theory in that
cost increases did not indicate improved performance, nor

insure that the pre-established level would be reached.
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Fig. 15--Correlation of development time with system
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of actual systems withheld from basic source due to security
reasons.)
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Stubbing's conclusion -was that "crash" development programs
caused severe overruns in both cost and time. He alsc noted

that increase in resource expenditure was not justified since
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performance also suffered.49 In addition, it was concluded

that contractors were not able to meet stringently established
design goals and that more efficient program performance
could be achieved if specifications could be flexible. MNot
only do these conclusions challenge the contemporary technique
of military procurement, but they place in doubt the estab-
lishment of a system which dictates specific goals to a con-
tractor. It would seem that the eventual success of the
Cost/Schedule Control Systems Criteria would be strongly
dependent upon pre-set design goals; otherwise, the technigque
would simply become a more sophisticated reporting system.
The regression line for development time versus system
performance, Figure 15, indicates that an eight to ten-year
period is needed for development if high performance goals
are required for system success. The regression line for
cost overrun versus system performance indicates that those
systems which ran into cost problems were also accompanied
by resulting low performance in terms of Mean Time Between
Failure (MTBF). If the simplified performance wvariable
chosen by Stubbing is accepted, it must be concluded that
attempts to advance performance significantly, at the expense
of both cost and time, have actually resulted in the defeat

of all three cbjectives.

4¥1pid., p. 38.
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With the Stubbing thesis integrated into the classical
concepts, one finds that the development possibility curve
now becomes a three-dimensional hyperplane of another type.
Figure 17 illustrates the trade-off that appears to occur in
many cases. The resource trade-off that actually occurs in
many cases is illustrated here by the delta increments on
the figure. It should be noted that increasing cost overruns
are accompanied by decreasing performance and increasing
time ratios. |

Although most of the significant variables have been
discussed in this text, each program séems to have its own
unigue set of pertinent variables, constraints, and objec—
tives. Therefore, general conclusions categorizing the

weapons system development process can be drawn.

Contemporary Weapons Systems

This section will review present military procurement
data and attempt to hypothesize future trends in order to
establish the operating base on which the existing Cost/
Schedule Control System will operate. In addition, the
status of some major systems currently in develcpment will
be presented to demonstrate the ever-present problem of cost
control. Finally, a listing of future systems and expected
resource commitment will be summarized to introduce and
illustrate the evolving trend in military weapons procure—

ment.



117

Performance
(MTBF)

Pre~established
Utility
Surface

4
Cost
Ratio

6 ' \\\Fote: origin of ares not at zero.
* Numbers used only for illus-

:;?\ trative purposes.
Time \\\\\\\\\ v
Ratio “(,

Fig. l7--Diagrammatic re

presentation of typical weapons
system production surface.



118

The latest budget estimate available indicates that the
dollar commitment foxr fiscal 1970 will be approximately
$21.5 billion for procurement and an additional $8.3 billion
for development purposes.50 Procurement for the next five
years has been committed to a point where a cessation of
fighting in Vietnam would have little effect on the major
weapons now being produced,51 according to Charles L.
Schultze, former Director of the Budget, without considera-
tion of the future commitment of funds for such tasks as the
manned bomber, antiballistic missile, or the new Navy sub-
marine detection systems.52 The obvious conclusion to be
drawn from these data is that military spending will continue
to be gquite significant over the next decade. With the
strong opinions in Congress at present over military spend-
ing, it would also seem likely that continual pressure will
be placed on the Department of Defense to justify fully
majbr procurement decisions, especially in terms of cost and
ultimate objective. Given this as a working hypothesis, it
appears that the Cost/Schedule Control Systems Critexia, in
some evolved form, will be necessary to supply these data

to government bidders and contractors. The real guestion

50Winston, p. 24.
5
p. 21.
52

MR et i ety !

Ibid.
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appears to be what level of reporting is going to be re-
quired. It has been shown that sufficient resource expendi-
ture will be made over the next five-year period to require
continued emphasis on a cost, schedule, and performance
control system. It is most likely that the existing efforts
to implement the Cost/Schedule Control Systems Criteria will
continue.

Data from six major programs currently in development
have been chosen to reflect current cost performance of the
industry for highly complex systems. Sketchy data published
in unclassified sources indicate that each of these programs
has experienced technical problems of varying degree, but
individual contractors have generally solved these problems
sufficiently for program maintenance. Time of system
avallability has also slipped, but considerably less than
either cost or technical performance. This conclusion is
consistent with case study results obtained for this research.
Most managers feel that they can plan time best, then cost
and technical performance to lesgser accuracy. Table VIII
summarizes current cost performance for six selected weapons
programs. The fact that these cost overruns exist in the
contemporary environment, where government involvement is
pronounced, indicates that external control measures are not
cost effective. Most of the weapons acquisition procurement
programs listed in Table VIII have high technical advance

probabilities for cost overrun. Many in the industry feel
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TAELE VIII

COST OVERRUNS ON CURRENT PROGRAMS®

Original Current Cost
Program Estimate Estimate |Ratio

Minuteman II (ICBM)> $3.27 B $ 7.0 B 2.14
Deep Submergible Rescue

Vehicle (DSRV)D $3.0 M/unit}$80 M/unit|27.0
C-5A Heavy Transportb $3.4 B $ 5.0 B 1.47
FB~111A E‘ighter-—Bomberc $0.9 B $ 1.1 Bd 1.24
Short Range Attack Missile

{SRAM) $0.142 $ 0.20 B 1.45
Mark II Avionics® $0.145 $0.30 B | 2.07

®bpata is consistent with latest available sources, but
figures will most likely increase with time.

bThe Tamepa Tribune, June 12, 1969, Sec. A, p. l.

©urhis is the F-11l Story," p. 7.

d"The Price of Arms Control," Aviation Week and Space

Technology, July 12, 1969, p. 65.

S"SRAM Cost Overruns Negotiated," Aviation Week and
Space Technolcgy, January 27, 1969, p. 1lé6.

fBrownlow, p. 17.

that some of these contractors were attempting to "buy in"
to lucrative production contracts and actually knew they
were underbidding. The trwe cause is most probably some com-—
bination of these factors, as well as the changing desires
of the government as a custoner.

Throughout the history of military procurement, con-
tractors have found themselves suddenly without funding as

contracts were cancelled on short notice. During the forties
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and fifties the primary causes for contract cancellation, orx
abrupt changes in direction, were closely linked to the
mnultiple path approach to weapons development. For instance,
two or more contractors would be in competition for one
production contract with only one award expected. The
primary reason for not obtaining the contract was failure

to perform in prototype competition. Since the early
sixties, procurement agencies have become increasingly
conscious of rising development cost and have tended toward
paper design competition without the long established policy
of actually creating the hardware. Further, with each
service performing its own system selection, there were many
instances of duplication, and often poor.performance, due to
early decision mistakes. As an additional factor, there
were several examples of technical obsolescence within the
missile industry, whercby the system was of no value even
before the development phase was completed. This point is
illustrated in Table IX by the use of selected examples of
weapeons system contract cancellations. It is the sunk costs
factor represented by these and other similar programs

that has stimulated the interest of the government in more
sophisticated methods of determining an approach to weapons
development which would optimize defense expenditures. This
search for cptimum combinations has tended to increase
emphasis on the cost factor and accounts for more serious

consideration of this variable in relation to the variables
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TABLE IX

SELECTED CONTRACT CANCELLATIONS*

Primary Estimated
Year Program Stage Reasons*¥ Sunk Cost
1969 ¥F~111B (Navy) Dev. C&T $600 M
1969 AH-56A (Army) Dev. T & C $200 M
1969 Manned Orbital Lab Dev. E $600 M
1965 Mauler Missile Dev. T $200 M
1964 Typhoon missile Dev. T $200 M
1963 Nuclear plane Dev. S & C $ 1.1 B
1963 Skybolt missile Dev. C $800 M

*Sources: various unclassified periodicals.

**T = Technical performance of system; C = Cost of
system; E = Budgetary move; S = Strategic factors which did
not justify cost.
of time and performance. It should be noted that economic
moves played a major part in each of the contract cancella-
tions summarized in Table IX. In each of the more recent
cases, it appeared that the cost of the individual system
did not match its objective value; therefore, it was cur-
tailed in lieu of some higher priority goal. In the future,
it appears that the Cost/Schedule Control Systems Criteria
wi.ll play a large role in contract decisions, since "cost-to-
completion” analysis is a by-product of the system. Sensitive
data of this nature are certainly a reason for the contractor's
fear of such a system. From the government viewpoint, real-
istic ceost forecasts, made early in a program life cycle, would
significantly aid future procurement actions. These reasons,

combined with the complicated logic of each party, would
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appear to summarize the struggle resulting over attempts to
implement the planning and control system described in this
research.

Current industry information indicates that the eight

systems summarized in Table X are most likely to be the major

TABLE X

MAJOR WEAPONS SYSTEMS NOW IN DEVELOPMENT OR

FORMULATION STAGES?

Approximate Cost®
Name Designator Stageb R & D Prod. Total

Navy Fighter F-14 D . 365 .
Minuteman III ICBM [3) . . .
Antiballistic

Missile ABM D . 6 10 -=201%10 -20
Antisubmarine

Aircraft EA-6B D .25 3.0 3.25
Poseaidon

Missile - D 1.2 4.4 5.6
Air Force

Fighter F-15 F 1.0 4.0 5.0
Manned Bomber B-1 13 1.3 -1.8 8 -~10 -12

a . . .
Cost information was gathered from various sources and
should be considerad an order of magnitude only.

bDevelopment stage = D; Formulation state = F.

cApproximate cost 1is in billions.

d'I‘his program is already reporting cost overruns of

approximately $1.7 billion.

aircraft and missile defense expenditure items over the next

several years, assuming each is successfully developead.

The
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systems in this category represent a conservative procure-
ment cost of over $35 billion within the next ten years.

In addition to the systems constituting the major im—
pact group, there are many other systems which have high cost
potential. By actual count there are two tactical aircraft
and twelve tactical missiles in this supplementary group,
plus two strategic aircraft and five strategic missiles.53
Each of the supplementary group will exceed the $25 million
research and development threshold normally requisite to
establishing the Cost/Schedule Control Systems Criteria.
That is, C/8CSC is not usually applied to smaller contracts.
There are many more programs in the procurement stage wﬁiéﬁJ.
also qualify for inclusion under these Criteria. Certainly
there is no shortage of large programs to which the Criteria
can be applied if contractor acceptance can be established.

In conclusion, this section has illustrated that mili-
tary procurement is, and continues to be, big business.
Weapons systems unit cost in the future will be as large as
the current expenditures, and probably even larger as com-
plexity increases with advances in technolcgy. The overall
level of contrel will shift downward intoc the organization

and outward to the subcontractor with the result being in-

creased control responsibility placed on the prime contractor.

53“Status of Major U.S., European Defense Aerospace
Programs," Aviation Week and Space Technology (March 10,
1869), pp. 34-35.
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This in turn should create a stxong need for implementation
and application of planning and control techniques which are
far more sophisticated than those now available. If one
concludes that pre-planning is possible and necessary for
efficient utilization of the country's defense resources, then
the traditional weapons procurement cycle will undergo sig-
nificant changes involving slower development phases with
multiple development activities, less state-of-the-art
advance attempted, and increased emphasis on technical
achievement within tight cost and time constraints. It is
this second hypothesis that appears to reflect recent atti-
tudes in the Department of Defense. Further development of
this research is based on that hypothesis.

With the background discussion of the criteria now
complete, an attempt will be made in Chapter IV to explore
the evolution of government management ceontrol requlaticns
since World War II. The interaction of the criteria environ-
ment with the operation of these indicated regulations should
begin to emerge from this discussion. In addition to the
integrative procéss described abowve, the naxt chapter will
establish a descriptive framework from which to draw for
further discussion of the impact of the Cost/Schedule Control
Systems Criteria with relation to both government and con=-

tractor operational systems.



CHAPTER IV

THE DEPARTMENT OF DEFENSE MANAGEMENT

CONTROL SYSTEMS EVOLUTION

The Cost/Schedule Control Systems Criteria, a perfor-
mance measuremant technique, was born in the mid-sixties
within an environment of rapid growth in information tech-
nology on the one hand and strong pressure to prohibit
further management systems proliferation at the other extreme.
Thé Criteria thus exhibits a very modern look, but closer
examination reveals that it is merely an evolution of older
management control techniques.

Historical Evolution of Government
Management Control Regulations
Prior to 1960

Most of the history relating to government control
regulations has been confined to the period after 19490.

Before the forties, general management control efforts were
expended in such ireas as cost accounting, inventdry control,
work measurement, and other similar industrial management
areas. Emphasis during this period was primarily in the
functional areas of manufacturing and assembly. High guantity
productiecn runs were becoming more common by the thirties

and, in 1936, T. P. Curtiss of the Curtiss Wright Corporation

published an article titled, "Pactors Affecting the Cost of

126



127

Airplanes.“2 This article summarized some fourteen years

of cost improvement efforts during the continuous production
of a two-place aircraft. It was this document, and the
related multitude of others following, that established the
conceptual background of planning and control for the aero-
space and electronics industries. Fundamental to planning
and control was the concept of the learning curve. Basically,
the learning curve derived its validity from a worker learn-
ing by repetitive tasks and as a result taking a predictably
smaller increment of time to accomplish the task during sub-
sequent periods. During this period the cost of production
was very small compared with development costs, and in addi-~
tion, the government usually funded development on a cost-
plus basis. Cost control systems up to the mid-forties were
oriented around the production learning curve and seemed to
satisfy all concerned.

During World War II emphasis was still placed on produc-
tion output and cost was relegated to relatively low status,
In 1942 the War Production Board was established to allocate
critical resources among the various needy users.3 This
resource allocation concept actually became the antecedent

to the Cost/Schedule Cuntrol Systems Criteria, which was not

2 . .
T. P. Curtiss, "Factors Affecting the Cost of Air-

planes," in How to Use the Learning Curve, edited by Raymond
Jordan (Boston, 1945), p. 2.

3 . . . Y- .
David Novick, editor, Program Budgeting {New York,
1963), p. xxi.
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to appear for some twenty-five years. Other than this one
direct historical link, most of the government-instigated
control systems during this period were geared to production
and logistics activities.

By the mid-fifties three distinct trends in government
procurement could be recognized as having significant impact
on the contractor's method of doing business. First, the
rapid expansion of technology during this period in jet air-
craft systems and missile development, each in turn creating
needs for complex electronic systems, had completely trans-
formed the industries' way of doing business. Second, the
threat of "spasm" nuclear war and cold war strategic
maneuvering made time the most critical rescurce, since the
period of action-reaction had essentially been reduced to
zero. Third, the emphasis upon management competition in
the late 1950's placed great reliance on planning and written
information. Associated with this trend, and probably a
primary causal factor, was the rapid development of the
computer and its tremendous ability to generate data that
was previously uneconomical to obtain. By 1958 contractor
management began to find practical applications for their
computer tool. The accounting system, inventory records and
limited fabrication tracking programs were first developed

to monitor certain programable areas of the production func-

tion.
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The real contribution made in this time period with
regard to management planning and control was the Program
Evaluation and Review Technique, better known by the acronym
PERT. This network management technique was developed in
1958 by representatives of the Navy Bureau of Ordnance and
the consulting firm of Booz, Allen and Hamilton.4 The
original application of this time-oriented network technique
was designed to assist in planning and controlling the
development and installation of the Fleet Ballistic Missile
preogram, ox Polaris as it is more commonly known.5 This
technigue 1is in essence the historical progenitcr of the
Cost/Schedule Control Systems Criteria. An important point
to consider at this juncture is the emphasis that the network
approach places on the total system and its major parts,
where before each element had been considered to exist in
its own sterile microcesm. Second, the control emphasis was
broadened from a production orientation to the non-repetitive
development portion where past history might have little or
no bearing on current programs. By this it can be seen that
learning curves and othexr related industrial phenomena were
displaced and emphasis was being shifted to managerial fore-

cast parameters. The PERT method was credited with saving

4v 1o = 1
'PLRT/Cost, Department of Defense Joint Course," com-

piled by the United States Army Management Engineering Train-
ing Agency (Rock Islaand, Illinois, 1967), p. 2.

5Peter P. Schoderbek, Management Systems (New York,
1968), p. 379.
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two years in development of the Polaris missile and soon
became the rage of the management world. By 1963, there
were over fifty variations of PERT; man realized that he
now had a way of making the computer do managerial-type
work for him. PERT has been generally accepted as a valid
concept for time control on large, complex, costly, and
non-repetitive activities such as weapons system development.
The early PERT concept was a time-oriented tool, with
little implicit regard for program costs. By 1962, infor-
mation technology and computer capabilities had increased to
a point where additional use could be made of the network
technique, It wasg now possible to add budget costs to the
network and generate reports on budget and manpower require-
ments versus time period, as well as to cbtain the tradi-~
.tional PERT time-oriented reports. Paralleling this develop~
ment contractors were expanding their expertise in internal
computer systems and the Department of Defense became in-
creasingly oriented towards systems information. Government
requirements during this period were usually taken from
contractor operating systems, reorganized into the necessary
formats and then re-programmed into the government reporting
system. Contractor-furnished data were often found to be
lacking and quite subjective in interpretation. 'The end

result of this was the proliferation of useless information
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throughout the acquisition and budgeting agencies. In an
attempt to provide more usable information, the government
imposed on its contractors the requirement of systematic
reporting according to a standard format so that more
intelligent decisions could be made at the agency level.

It is little wonder that by the latter sixties some 3500
separate control systems were in existence within the Depart-
ment of Defense.6 The clamoring of contractors and the
efficiency orientation of the Department of Defense eventually
led to the issuance of the Cbst/Schedule Control Systems
Criteria.

Historically, then, c¢ne can view the Cost/Schedule
Control Systems Criteria as the end product of an evolutionary
process which can be directly traced to the development of
PERT in 1958, with less visible roots in basic control tech-
nigues which originated during the scientific management
era of the 1920's. Issuance of the Criteria represented a
desire to improve reporting systems and decrease the
proliferation of redundant management information systems
that had become so evident by the 1960's.

Evolution of Government Management Control
Techniques Since 1960
President Eisenhower reorganized the Department of

Defense in 1958 to clearly establish the authority of the

6Schmalz, p. 1L.
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Secretary of Defense.? The result of this action was
essentially to centralize major decisions within the depart-—
ment, but the full realization of this potential awaited the
appointment of Rcbert McNamara as Secretary of Defense in
January, 1961. McNamara brought a Harvard flair for theory
and a strong business background into his job, along with
many staff assistants who had similar backgrounds. Before
long, policies of the Defense sector began to reflect basic
philosophies exhibited by Harvard and The Rand Corporation.
The most significant contribution to be credited to the new
establishment was the Planning, Programming, and Budgeting
System of Charles J. Hitch, then Defense Comptroller.
Basically, this system involved a complex approach to deter-
mining national objectives, establishing means to accomplish
these objectives and budgeting the resources necessary to
achieve these ends. Unfortunately, the operating level of
the Department of Defense was not prepared for this new
approach to management. Basic deficiencies were noted in
the following areas:

L. Cost dafa was inadequate in both guantity and
quality.

2. Operational planning and reporting was done for

only one year at a time, with little regard for future costs.

7Novick, Program Budgeting, p. 82.




133

3. Weapons system data was incomplete in that the full
costs were not available (i.e., real estate, training,
development, associated equipment, etc.).

4. Budget categories werxe not related to mission re-
quirements.

The requirements for implementing a program-budgeting system
dominated many of the changes noted in the defense establish-
ment through much of the early sixties and even beyond. One
of the most ambitious undertakings which was to result from
this marked change in defense management philosophy was to

be the Cost/Schedule Control Systems Criteria, but before

the Criteria itself evolved, a great deal of development
effort would be expended in search of the one best way of
planning and controlling the weapons system acquisition pro-
cess,

Traditional budget allocation within the Department of
Defense, before 1%61l, operated by simply dividing the total
resource package amoung the three service departments. The
departments were then left alone, for the most part, to
allocate this fund in any way they saw fit. Each department
sought to guarantee larger shares of the future budget by
concentrating on dramatic new weapons.8 By 1961 a general
trend was underway to reorient reporting systems around basic

missions and systems cost. The new system had two primary

8Ibia.
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aims: first, to permit analysis of total mission cost in
light of national objectives; second, to protect and plan
resource impact of proposed force structures over an extended
period of timé.9 It was initially felt that such an ambitious
program would take many years to implement effectively within
the bureaucratic structure of the Department of Defense, but
McNamara ordered its initiation with the 1963 fiscal year

10.

budget. In order to accomplish this task the following

five items were needed:ll

l. Establishment of a program structure in terms of
missions, forces, and weapons systems.

2. An analytical comparison of alternatives.

3. A continually updated five-year force structure
and financial program.

4. Coordinated year-round decision making on new pro-
grams and changes.

5. Progress reporting to test the validity and admin-
istration of the plan.
In theory, the operation of the Department of Defense follows
this pattern for all major decisions, although one might
still question the validity of the resulting decisions. As
a final link in this decision framework, the Cost/Schedule

Control Systems Criteria is envisioned as supplying valid,

9 . .
Ibid., p. 87. 107pid., p. 89.

Yipia.
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timely, and auditable-data to the military data bank. At
present the full implementation of this system has not been
achieved due to contractor opposition. -

Early experience with the Prcgramming Planning and
Budgeting system led the Assistant Secretary of Defense to
seek a technique to evaluate the necessary parameters so that
accurate and timely weapons systems decisions could be made.
Military agencies had traditionally structured the necessary
reporting requirements to fit each specific effort with the
result that contractors coordinated their own management
control system outputs, making the required prorations and
allocations, then submitted the report to the responsible
agency. It was fopnd that reports generated in this manner
were ineffective for the following major reasons:

1. Reporting base was different within the contractor's
organization from that which the agencies needed fovr systems
decisions.

2. Judgment factors made the resulting reports biased
in favor of the optimistic contractor.

3. The time cycle for report generation was often
excessive for proper control.

4. Proliferation of reporting formats and elements
required and stressed by the various agencies did not allow
contractors to establish a consistent working information

system from one contract to the next.
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5. Lack of specific definition often gave data which
were not comparable from one time period to the next.

6. Estimates of work to complete were often in gross
error.

By the mid-sixties the general state of events described
above was widely recognized within the Department of Defense.
In 1965, Robert Anthony, Department of Defense Comptroller,
undertook the development of a system which would establish
overall defense department requirements with regard to data.
This system was to be primarily oriented towards selected,
high~cost development systems because the greatest immediate
cost savings were felt to be offered in this segment of the
procurement cycle. In December, 1965, a policy guidance
statement regarding establishment of this system was issued.
The system was titled, "Selected Acquisitions Information and
Management System," but better known as the acronym, SAIMS,
This approacb was to provide the conceptual framework for all
government management control systems to be issued in sub-
sequent time periods. The operational part of SAIMS was to
become the Cost/Schedule Control Systems Criteria issued in
the summer of 1966.12 The evolution of government management
control systems is directly linked to the evolution of SAIMS;

thus, a more complete discussion of this system is necessary

12
Letter sent to Hon. Barry J. Shillito, Assistant

Secretary of Defense, July 1, 1969, from the Council of
Defense and Space Industries Associations, p. 6

.
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so that its relationship to the Cost/Schedule Control Systems
Criteria can be understocod,.
Evolution of the Selected Acquisitions
Information and Management System

The basic intent of the SAIMS approach is to obtain in-
formation related to the development of selected weapons
directly through the contractor's "accounting" system. The
major purpose of this system was tb define, integrate, and
standardize the task to be performed, while improving inter-
party communication and eliminating much of the confusion

which results from effusive data.l3

With this approach,
agency administrators have egsentially the same data available
tc contractor management without the need for redundant re-
porting systems that prevailed in the mid-sixties. Through

a set of guidelines, to be discussed later, contractors were
envisioned as being able to structure their individual infor-
mation systems so as to provide auditable and traceable data
from internal basic records.

Four altern;tive criteria were established for inclusion
in the SAIMS approach to a ccn'lt:r:ac:t:c:-r:1'4 (1) $25 million in
research and develeopment, (2} $100 millica commitment in
production, (3) high price uncertainty of the venture, and

(4} special attention projects. Major weapons systems are

l3Office of the Secretary of Defense, Selected Acquisi-
tiong Information and Management System (Washington, D.cC.,
1968), p. 7.

14_ .
Ibid., p. 12.
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defined by the first two items above. Also, as indicated
by the latter two items, other programs which the procuring
agency feels important can be included. The basic control
variables in the SAIMS approach are cost, schedule, and
technical performance. The justification for the earlier
discussion of these variables now becomes evident. The
second element of SAIMS is Economic Information Reports
which are designed to assist the Department of Defense in
measuring the impact of military procurement programs on
industries and geographic areas. A third element of SAIMS
is the requirement Lo generate reports of varicus contract
cost categories. These reports consist of the following:

l. Contract cost data summary-—-identifies
contract cost by Work Breakdown Structure on a
recurring and nct-recurrxing basis, plus estimates
to completion (reference DD form 1558).

2. Functicnal cost-hour report--a semi-
annual report sorted by basic functicnal cate-
gories such as engineering, guality control,
manufacturing, etc. (reference DD form 1559-~1),

3. Progress curve report--this report may
be required guarterly and indicates learning
curve type data for major items {(reference DD
form 15583-3).

4, TFiscal yvear summary--this report is
the same format as the contract cost summary
above, except data are submitted by fiscal years.
This report may also be used for new or proposed
programs (reference DD form 1558~3},

5. Fiscal year functional cost-hour report—-
this report is similar in format to the functional
cost-hour report above, except data are categorized
by fiscal year (reference DD form 1558-5).

YS1pia., p. 21.
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The three elements of the SAIMS approach thus include an
orderly generation of significant data. The key to success-
ful implementation of a system as described here is directly
linked to the establishment of a valid performance measure-
rent system within the contractor organization. It is this
key element which is being explored in this paper. Figure
18, which follows, illustrates and summarizes the SAIMS frame-
work as described above.
Department of Defense Resource
Management Framework

By early 1966 there was an apparent merging of the
systems development concepts and philosophy within the
Department of Defense. Department of Defense Instruction
7000.1, titled "Resource Management Systems," was issued on
August 22, 1966. In this document, an overall department
management framework was envisioned with the Programming
and Budgeting System described earlier constituting the basic
planning component and a broad scale Assets Management System
providing overall control capability for operations, inven-
tory, and acquisitions. At this point a contractor reporting
system began to play a vital role in the overall management
scheme of the Department of Defense.

A reporting system would still function as a contract
cost data generation mechanism, but, in addition, required
basic inputs to the department's Asset Management System as

well as to the Programming and Budgeting System. Figure 19
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interrelates the Performance Measurement, or Cost/Schedule
Control System, to the overall government planning and
contrel framework.‘ It is stressed here that none of the
indicated peripheral systems and related objectives can be
fully completed until a Performance Measurement System is
implemented. The investment in hardware, software, and
training would seem to imply that the government fully
intends to carry through implementation of its various
system components, especially the implementation of a Per-
formance Measurement System operating at the contractor
level.

Reviewing the evolution of the Department of Defense
Resource Management System, one notes that the basic con-
cept apparently originated with a report prepared by David
Novick of the Rand Corporation in 1954; however, it was not
until the early sixties that the combination of improved
information technology and political pressures caused such
a system to be develcped in practicev16 It should also be
emphasized that the drafting of a department-wide plan for
data submission does rot suffice for true implementation.
Contractors have shown positive signs of rejecting this idea
due to apparent imposition on classical management prerogatives,
in addition to other reasons which afe more difficult to

categorize. Implementation of the Performance Measurement

l6Novick, Program Budgeting, p. 86.
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Programming Assets Managements System
and Operations Inventory Acquisition
Budgeting Management Management and Management
System System System System
Selected Othex
Programs Pro-
grams
PERFORMANCE MANAGEMENT SYSTEM
Contract Cost Economic
Funds Information
Status Report System
(CFSR) {EIS)
Performance Schedule
COST INFORMATION REPORTS
Contract Cost Data Program Estimates
H
Contract Functional § Progress Fiscal Year| Fiscal Year
Cost Data Cost-Hour Curve Date Summary] Functional
Summary Report Report (1558-3) Cost-Hour
{1558) (1558-1) (1558-2) Report
{1558-4)
Fig. 19--Performance measurement as a part of the

resource management system.
"Rpesource Management Depends Upon Reliable Reports,”
Defense Industry Builetin, IV {(January, 1968), 26-31.)

(See Charles

.

¥Xul lman,
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System is currently being attempted in a much more complex
way than past reporting requirements have been. The basic
document was originally issued in 1966 as a relatively broad
criteria in contrast to the more traditional rigid specifica-
tion approach used on past reguirements. To assist in
evolving a workable document, an interindustry group was
chartered in November, 1966 fo£ two years, after which time
a final approved document was to be ready for implementation
throughout the acquisition network. This committee, titled
"Council of Defense and Space Industry Associations,” was
headed by a government chairman and consisted of both industry
and government personnel. Although much of this committee's
time was spent in developing a Resource Management System,
the bkasic charge was to

« + » attempt to f£ind ways of reducing the number,

complexity, duplication, and hence cost, of manage-

ment control systems that defense project managers

and procurement agencies employ for planning,

contrelling, and getting information about work 7

that contractoxrs do for the Department of Defense.
Within this charter the committee was and is now attempting
to create a constrained list.of applicable control systems
which may be used by i#he various agencies, but if chosen,
must be used in some speciticd standard way. From the second

guarter c¢f 1968 through the third quarter of 1970, an

authorized list is schaduled to be made of applicable control

17D0D~CODSIA Advisory Cenmittee for Management Systens
Control, Fund Report, Volume l--Summary {(Washington, D.C.,
1%68), p. L.
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systems, and the necessary corresponding revision of military
standards will be accomplished soon after this period. A
potential future impact of this work could be the widespread
application of sophisticated control systems sucn that con-
tractors would, for the first time, be expected to provide
and maintain data systems to such requirements. It has been
suggested that those contractors who do not have suitable
systems may not be acceptable as vendors in the future.

As mentioned previously, the new approach to contractor
requirements is advertised as being a flexible criteria, rather
than the traditional requirement and procedure orientation.
This implies that the contractor is challenged to find his
most efficient way of providing data to fit established re-
quirements, while taking into account the idiosyncracies
found within individual organizations. The current problem
in establishing a universal management control system is
{1} to decide where the vagueness of criteria approcaches is
tolerable to the overall systen and, (2) to determine under
what circumstances the specificity of the regqulation approach
becomes intolerable to the individual contractor. Thﬁs far
this balance does not appear to have been found. The com—
mittee reported tc the governwent recently that there was a
serious (uestion in many contractors' minds as to whether

their individual systewms were acceptable.18 Thus far,

18, . . .
lL.etter to George W, Bergquist, Deputy Assistant Secre-
tary of Defense, from CODSIA, dated August 14, 1968.
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answers to specific guestions have been incomplete and con-
tractors are helding up on new systems implementation await-
ing final word from authoritative government sources.
Regardless of the final implementation decision, there is
little doubt that the Cost/Schedule Control Systems Criteria
is having significant influence on the style and format of
management control systems being designed and implemented
throughout the military procurement industries. To this
point, the Cost/Schedule Control Systems Criteria has been
discussed in very broad terms. The next section describes
the historical evolution of the specification and notes its
planning and control usefulness in the weapons system en-
vironment,
Eveolution of the Cost/Schedule Control
Systems Criteria
The evolution of the Cost/Schedule Control Systems
Criteria will be traced from two points of view. First, a
historical recording of the basic industry techniques relat-—
ing te the Criteria itself will be outlined. Second, the
conceptual background for the Criteria will be traced and
some explanation will be made tc show why this method was
chosen to structure future maragement planning and control
systems. This Criteria represents a logical evolutionary
trend of classical and contemporary management tools, not a
revolutionary concept as many managers in industry seem to

think.
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In historical perspective there wexe three direct
predecessor techniques from which the Cost/Schedule Control
Systems Criteria evolved. These can be summarized as follows:
(1) PERT Time--1957, (2) PERT Cost--1962, and (3) Cost/
Schedule Planning and Control System (USAF)--~1966. Each of
these techniques evolved from the eariier one, which in turn
resulted from more classicial notions.

The 1962 PERT/Cost Model extended the network management
model to include time, cost, and manpower resource reguire-
ments for a large project, plus the option of resource allo-
cation by optimization techniques.19 Actually the PERT/Cost
technique 1s still being used on some large system contracts,
but interviews within the aerospace and electronics indus-
tries indicate that this requirement is being fulfilled as
a redundant system outside the contractor's actual operating
control model. A second problem category existing in kthis
required system was thal it was often not compatible with
planning and control systems prevalent within the contrac-
tor's organizaticn. In theory, PERT/Cost provides the
manager or decision maker with data of unprecedented validity
and speed. However, the technique has been found lacking in
nunmerous areas. Peter Schoderbek, a reccgnized authority in

network management applications, summarizes the challenge of

PERT/Cost as follows:

19 , . . .
Russell D. Archibald and Richard L. Villoria, Network-
Based Manacgement Systems (New York, 1968), o. 120. - -




147 .

1. Many companies do not have adequate
ability in cost analysis to provide a proper
control framework.

2. A lack of historical information in
making project cost estimates makes future
control less effective.

3. There is difficulty in making project
costs compatible with organization fiscal
practices.

4., Budgets gererated by this technique
are often taken as operating budgets without
realizing the uncertain nature of the
estimates. 20

For these and a multitude cof related reasons the early
history of PERT/Cost is difficult to evaluate objectively.
Poor data often led to poor decisions, or excess data
generation often discouraged use of wmodel capabilities. At
any rate, an improvement in overall system management did
occur in conjunction with the development of improved systems
planning and control models such as FERT/Cost. Through this
period many applications of networking were found and the
basic concepts became well ingrained in the aerospace and
electronics industries.

On July 29, 1966, arn advance copy of a requirement Xnown
as a Cost/Schedule Planning and Control System {C/SPCS), Air
Force Systems Command Manval 70~5, was issuved to Air Force
contractors. The major purpese of the document was to define
an operating, planning, and control system which was able to

insure meeting systems cbjectives with minimum resource

2
OPeter P. Schoderbek, Management SBystems (New York,
1568), pp. 396-403. o
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expenditures.Zl This .document was the first attempt at

issuing broad systems specifications which contractors must
satisfy. Concurrent with the Air Force system introduction,
both the Army and Navy issued similar documents to their
respective contractors. The Army system was titled "Contrac-
tor Cost and Schedule Control System Criteria (CCSCSC),"
while the navy system became known as "Cost Schedule and
Technical Control System (CSTCS}." All of these documents
became a part of the individual service management systems
and, in time, began to develop their own unigque character-
istics. Contractor shortcomings were evident in most areas
of weapons acquisition soon after the introduction of these
requirements. Of the first sixteen Aixr Force contractors
evaluated, using the Cost/Schedule Planning and Control
Specifications, only two were approved.22 It was not long
before contracter criticism rose to such a level that full
scale implementation was delayed pending an authoritative
statement from the Department of Defense. By late 1969 the
Army had shown 1ittle intention of implementing their systen
on a service-wide basis, while the actual Navy implementation
moderated some of the initial reguirements such as technical

tracking. Only the Air Force still seems strongly oriented

21 C o . . .
C/8PCS, The Specification Approach to Performance

tieasurement, prepared py Director of Cost analysis, Head-
quarters Alr Force Systems Command, May, 1968, pp. 3-6.

22Harold C. Teubner, "USAF Management Specification
Challenges Industcey," Armed Forces Management (March, 1969),
pp. 40-44.
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towards full scale implementation of the system, as they
have been assigned the responsibility for implementing the
eventual department criteria.

From a historical point of view it has now been shown
how the criteria evolved from earlier requirements and how
each service has established its own philosophy with regard
to degree of implementation. Contractor attitudes during
this early period were anything but positive, as management
felt that government was taking away the traditional right
of management to control rescurce expenditures. The govexrn-
ment, on the other hand, had valid cause for concern due to
the increasing recognition of time and cost overruns, plus
deficiencies in desired performance. Since July 29, 1966,
conflict among the various contracting parties has precipi-
tated a further redefinition of intent of the criteria in
the procurement environment.

A part of the evolution noted in the development of the
Cost/Schedule Systems Criteria is that related to academic
disciplines. At least four major disciplines are represented
in this document; although others are implicit in its opera-
tion. Direct conceptual links can be found in economics,
industrial engineering, general engineering, and management.
First, the criteria is economic-rooted due to its relation-
ship with the Programming and Budgeting System, and the
resource trade-off theory. Second, the design of network
management technigues can be traced to an industrial engineer-

ing tool, Gantt charts, which were invented by Henry Gantt
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around 1900. Third, various other subcategories of engineer-
ing are indigenous to the development task itself, as well
as computer technology, which is so much a part of the
operating system operation. Fourth, management has contributed
greatly in the development of this criteria through the
search for better planning and control tools to be used on
large and complex projects. Also, it is the force of strong
management which must establish the necessary repﬁrting and
motivation so that the system may accomplish its original
intent. Actually it is fallacious to isolate four disciplines
for discussion, as the system is much broader than this.
The operation of the system cuts across all functional lines
of the enterprise during data collection and monitoring
activities., Implementation of the system described in the
criteria implies a computer oriented, multi-faceted, and
sophisticated information network which is beyond the exist-
ing capabilities of most firms in operation today. In
summary, the information system which is required to comply
with the criteria represents a multi-disciplinary approach
to information technology and will significantly push exist-
ing frontiers in contractor capability if successfully im-
plemented.

The network approach was chosen as the most appropriate
universal planning and control system available. Actually
there are several reasons behind the selection of this

approach as the base of a universal planning and control
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system. Certainly previous industry experience with the
concept had a favorable influence on its selection. Also
the desire to manage the weapons system rather than just an
individual organization led to the network concept with its
innate ability to view the overall project and interrelation-
ships therein., The basic objective of this information
system was provision for a consistent and timely data base
from which program progress could be observed and evaluated.
With the technology and contractor experience available it
was felt that a PERT/Cost oriented system would best provide
the fundamental framework for the new c¢riteria. In an
attempt to broaden traditional PERT applications, a third
variable, technical performance, was included in the early
draft. Successful implementations of this system would

mean that contractors must operate a dynamic planning and
control system capable of reporting actual time, cost, and
performance status versus preplanned objectives.

The development of the Cost/Schedule Control Systems
Criteria is currently in a dynamic state. The government
seems to be finding the cosw of implementation high, if not
excessgive, in some cases. Contractors on the other hand,
fearful of not meeting customer requirements, have expended
large sums of money in system design and development to
promote a more progressive image. Unfortunately, specific
examples of accurate and isolated develovment costs are

extremely difficult to collect. Regardless, the critevia



concept has stimulated the imagination of government agencies
and frightened many contractors who view such devices as an
invasion of managefial privacy. Actual implementation of
the Cost/Schedule Control System is thought to be of
secondary importance to this analysis. More significant is
the pressure placed on contractors to improve operating
management systems and technicues. This impact will probably
outlast the Criteria itself.

Evolution of Management Control Systems

Technology Within the Firm

The discussion in this chapter thus far has treated
the evelution of government control systems independently;
that is, as not related to ov héving a real impact on con-
tractors' management irformation control systems. Such,
of course, is not the case since the Cost/Schedule Control
Systems Criteria specifies that government data must be
obtained within the operating framework of the contractor's
management information network. In this respect, C/SCSC is
also unigue. For this reason, it is, therefore, necessary
to examine the existing control systems techology within the
aerospace and electronics industries.

This section will show that the Criteria significantly
strains the ability of most contractors. Indeed, none of
the large aerospace contractors have yet been able to pass
the validation test associated with this Criteria, although

at least two are now in the process of being examined,
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The development of management information and control
systems within the aerospace and electronics industries has
been rapid in relation to other commercially-oriented indus-
tries. This trend has probably been stimulated by government
procurement practices, such as cost-plus financing and asso—
ciated reporting reguirements. The installation of third
generation computers around 1966 seems to have stimulated
broad increases in the application of automated information
and control systems. In a recent interview the Grunman
Corporation provided information relating to evolution of
their "resource planning and contrcl systems."23 Table XI
summarizes this large aerospace company's evolution of
management information systems during the period 1958 to the
present.

The systems evolution outlined in Table XI is generally
compatible with the systems technclogy and implementation
schedules of the other large aerospace companies. Two
trends are significant in evaluating the systems evolution.
First, there has been a tremendous proliferation of corporate
subsystems since the mid-sixties, each with a unique set of
operating criteria. Seconrd, trends observed in at least
half of the large aerospace companies indicate major effort
being expended to tic various subszystems together in order

to provide an integrated planning and control capability

23 . . .
Walter Wood, Grwaman Corporation, interview,

September 23, 1969.



EVOLUTION

Year
1958 . . . .

1961 . . . .

1963 . . . .

1964 . . . .

1965 - - * L

1966 . . . .

1967 . . . .

1968 - > - -

1969 . . . .
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TABLE XI

OF AUTOMATED RESOURCE MANAGEMENT SYSTEMS AT
GRUMMAN AEROSPACE CORPORATION

System Title
+ « « « Fabrication tracking

. . . ©Spare parts ordering and tracking
Min-max. inventory notices
Master parts request file
PERT networks for A-6 and E-2A

« «» +» . Master inventory

. « +« » Tool design tracking
Invitation to gquote
Automated purchase orders

« « s+ . Producticn stock room control
Configuration control and traceability

.+ +» « » FEngineering drawing release
Wire lists
Real time receiving
Machine shop scheduling and loading

. « « « Shipping
tlaintenance (preventive)
Mapufacturing operations sheets
Engineering master file

-~ + » « 'Tool inventory
Production data flow
Economic order quantity
Automated parts list
Receiving inspection
Seller evaluation
Major assembly tracking
Detailed parts tracking

. » « « Intecrated planning and control systemnm
{(validation of criteria oriented)
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without excessive interface. Efforts of this type were
specifically noted at Boeing, North American-Rockwell,
Mcbonnell-Douglas, énd Grumman. In addition, almost all of
these companies could be characterized as having progressive
programs of management systems development. Much of this
effort is stimulated by government pressures to design
sophisticated planning and control information systems.

J. F. Brandejs of the University of Saskatchewan ex-
plains the current state of management information systems
development as network-based and using "3.5 generation
computers."24 He states further that there is a "myth" con-
cerning the existence of real-time management systems which
will be stifled by the lack of creative educators and
managers. Real-time management systems are still develop-
mental. The programs reguire erxtraordinary imagination and
familiarity with computer capability. The ordinary educator
and manager lack the technological background necessary to
meet the challenge of developing real-time systems. These
statements certainly seem to summarize the existing state of
management information systems in the aerospace and elec-
tronics industries. Management information systems over the
near term appear to be moving toward more practical applica-

tions, lncreased complexity, improved presentation of output

24, . .
4Letter from Dr. J. F. Brandejs, Assistant Professor

at the University of Saskatchewan, Saskatoon, Canada,
Qctober 3, 1969,
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and significant problems of data privacy.25 An operating
Cost/Schedule Control System should present a similar array
of problems to the contractor.

Inplementation of management systems has often proven
to be a much more difficult job than management criginally
planned. The system axioms of accuracy, completeness,
timeliness, and simplicity frequently create significant
problems for the systems designer. Input rigor and lack of
ability to recall relevant data often turn theoretically
useful systems into obsociete piles of machinery. One of the
electronics industry f£irms, included in the case study, re-
ported spending over $100,000 on the design and implementa-
tion of a relatively simple assembly tracking system only
to find that lack of worker input discipline invalidated the
potential system value.26 The last two years have heen spent
attempting to motivate workers to provide relevant input
data, but as of this writing, little progress had been made
in restructuring the traditional thinking of most programmers.,
In essence,.an attempt is belng made to emphasize that the
design and operation of successful management information
systems requires more than improved hardware and gqualified
systems designers. Management motivation and worker input

discipline seem to be equally significant variables in this

*1bid.

26 . .
Texas Instruments, case study research, August, 1968.
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problem. Enlightened .operation of a well-designed system,
rather than its complexity per se, accounts for its value.
Thus, within its many organizations the basic problem of
management systems development becomes one of hardware
operating capabilities outstripping managerial ability.27
Another factor which may cause some concern for con-
tractor management, were implementation to be forced on it,
is the problem of start-up costs. In an attempt to explore
implementation problems, the question of systems development
cost was asked on the questionnaire survey and pursued in
the various interviews. Attempts to answer this question
accurately were hampered by many factors. First, several of
the large companlies were expending large sums of money on a
general upgrading of corporate planning and control systems.
This meant that much of the cost reflected here could not be
attributed entirely to the Criteria itself. The result of
this guandry was often a cost estimaticn with explanatory
comments. Second, exposure to the Criteria and plans for
development of management information systems were quite
varied within even the larger companies of the industry.

Third, although some companies had done a great deal of work

27 X , :
The comment was made repeatedly on both gquestionnaire

and interview sampling that upper management really did not
wanl sophisticated systems such as the type being analyzed
in this paper. Unfortunately the research methodclogy was
not sufficient to evaluate this statement, but the comment
was made too often to be attributed to dissatisfied staff
employees.
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in the area of interest, they felt that cost data of this
type was proprietary and refused comment. In spite of these
problems, information was obtained from seven of eight large
system contractors. A summary is presented in Table XII.
Although there is marked diversity of the findings shown in
Table XII, the relative order of magnitude should be some
measure of the financial impact of this system. It should
be re-emphasized that the dollar expenditures noted in the
table do not include the actual implementation cycle; there-
fore, the eventual cost will probably be greatly increased
over that indicated. A sizeable portion of the ultimate
cost will come in training expenses which will be incurred
at various functiconal and corporate branches. Company E has
relatively high implementation costs dve to its early associ-
ation with the Air Force version of this Criteria, plus an
ambitious internal systems development program. It was
noted that there is a direct relationship of implementation
cost with new large system contracts which would lead one to
conclude that implementation figures will increase as new
systems contracts are granted to other large contractors.28
It was mentioned earlier that many contractors are now
attempting to tie variocus subsystems together in order to
accomplish integrated planning and control. A definite

interrelationship of key systems seems to be necessary before

28 : ' .
Thesce data supplied by Mr. A (anonymity requested),
April, 1969.
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TABLE ¥XII

ESTIMATES OF IMPLEMENTING THE COST/SCHEDULE CONTROL SYSTEMS
CRITERIA IN LARGE AEROSPACE COMPANIES?S

ApPPYoX. Estimated
Company Period Amount

A 67-68 . $ 450,000
B 68 $ 35,000°
C N.A.
D 66-68 $ 475,000
B 66-68 $20,000,000%
F 67-69 $ 1,500,000°
G 68-69 $ 1,000,000
H 67-68 $  100,000°

pata synthesized from gquestionnaire survey, and pexr-
sonal interviews within respective companies. All companies
requested anonymity in reporting data. McDonnell and Douglas
corporations reported separately.

Includes only one division of a large company. Data
on other divisions not available.

CQuestionnaire response indicated a high level of ex-
venditures to implement desirable internal control systems
which would also function as compatible government reporting
devices. The amount indicated ie thus only one identifiable
portion of the total expenditure.

dThis figure quite probably reflects the total corporate
expenditure for management wontrol systems. An interview
source stated that the "trua" Critevia implementation costs
were in the $1-2 million range.

Total corporate expenditures for implementation of
management control systems during the period 1967-1969 was
$15-22 wmillion.
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a contractor can hope to validate his overall management
system. By making manual entries from one system to another,
the proper data could be generated, but for a large weapons
system this would not appear practical. A schematic of this
hypothetical system is shown in Figure 20.

The Work Breakdown Structure concept seems to be the
device which is most often used to provide common identifi-
cation nomenclature to the various systems and, eventually,
to the operating Cost/Schedule Control Systems Criteria. It
shculd be noted that each of the systems identified in this
framework is hardware oriented, vet much of the labor re-
source expenditure takes place in a non-hardware environment.
The planning and control of research and development efforts
will be accomplished primarily through the operation of the
accounting system in conjunction with the Work Breakdown
Structure,

In operation the Criteria requires that the user estab-
lish budgets for fixed increments of work, establish time
schedules for completion, and measure output versus the
original plan. However, from the operating systems view-
point, two factors seem to impede achievement of such goals,
First, the planning discipline required to adequately define
work increments and a2stablish cost budgets is apparently
lacking in many companies. Second, tracking systems which
measure actual status of work performed have not proved

adequate to satisfy the reporting accuracv demanded in the
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Criteria. For these two reasons most of the contractors who
will eventually come under aspects of the Criteria now must
expend resources iﬂ finding ways to bridge these gaps in

their internal systems operation. The basic precblem seems

to be more a deficiency of input discipline than of procedural
theory. The immediate soluticn to the classic probiem of
research and development management 1is elusive as all contiol
system operations depend upon a level of definiteness which

is never present in early developmental planning.

Review

In summary, this chapter analyzed the evolutionary cycle
of the Criteria. Government control systems were shown to
be production-oriented through the fifties, but changing
somewhat to a combined production and development orienta-
tion by the mid-sixties. The increasing cost of development
appears to be the primary stimulant for this transition.
Development of network management technigues, such as PERT,
in the early sixties provided the theoretical mechanism
through which more sophisticated Cost/Schedule Control Svstems
were to evolve by the mid-sixties. From this base, govern-
ment-management control techniques were integrated through
the Department of Defense Selected Acquisition Information
Management System (SAIMS); it was in this brcad framework
that the Criteria itself was born in 1967. In conjunction

with increasing efforts by the government to maintain



g

163

visibility into contractor operations, significant strides
have been made in the development of management information
systems within both the aerospace and electronics industries.
Current efforts are being made to implement internal systems
which will, it is hoped, perform internal control as well as
satisfy government data requirements. This is being done
through the Work Breakdown Structure (WBS) which is designed
to integrate the contractor PERT network with the government
SATMS concepts.

Chapter V will now describe the actual evolution of
specific Criteria documents, as well as the basic content of
each of these sources. In this discussion, a shift will be
made away from the conceptual viewpoint used in the present
chapter towards the more mechanistic requirements of the
Criteria. A transition from the environmental aspects to
an overview of the Criteria will then be comolete and ihe
necessary background established whereby the Criteria impact

can be analyzed,



CHAPTER V

DESCRIPTION OF THE COST/SCHEDULE

CONTROIL: SYSTEMS CRITERIA

The primary purpose of this chapter will be to review
the basic documents which constitute the Department of
Defense's efforts to implement the Cost/Schedule Control
Systems Criteria. As in the previous chapter, much of the
material will be viewed as an evoluticnary pattern in that
the documents will be placed in chronological perspeétive.
Also, the time span discussed here is very short and dates
cited reflect only formal publiication of data. 2n impeortant
sacondary objective of this chapter is the discuséion of the
gemantics of certain key terms and essential elements of the
Criteria.

First, then, this chapter will present specific docu-
rments and relatively well-defined elements. Although an
attempt is made to be as specific as possible in describing
these documents, the volume of directives allows only a
summary of key points. Primary emphasis in the discussion
will be given to segments which have heen identified as
creating significant compliance vroblems for the contractor.

Secend, in a concluding section, the initial impact of the

164
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Criteria upon the contractor's method of operation will be
explored with the objective of providing a smoother transi-
tion into the following chapters. This chapter is there-
fore a pivotal chapter in the transition from descriptive

material to actual contractor impact.

Introduction

One of the major problems in discussing a concept such
as the Cost/Schedule Control Systems Criteria is the rapidly
changing list of acronyms and titles assigned to describe
its varying characteristics. The first order of business
here will be to establish one name which will be used to
indicate the total accumulation of documents pertaining to
this concept. PFor simplicity, then, the word “"Criteria"
used from this point on will indicate the broad set of
documents constituting all attempts made by the Department
éf Défense and its counterparts to define and implement
cost, schedule, and technical performance management systems
within their contractors' organizations, the subcontractors'
organizations, and the subcontractor nétwork. The analysis
of this activity 1s the major objective of this paper. Dis-
cussed previously were the key variables in the design and
development cf major weapons systems. The Criteria approach
uses the variables cost, time, and technical performance as
control.parameters through which perfeormance of the con-

tractor is to be reported and evaluated. An attempt should
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now be made by the reader to recall the earlier discussions
of resource trade-off and related economic discussion as
the Criteria documentation is outlined.

Comparisons of planned versus actual data indicate that
the control philosophy implicit in the Criteria is classical
in origin. From an operational viewpoint, the control
process is considered to be only as effective as the planning
data input. Such an approach must be questioned due to the
uncertainty prevailing in much of the development task. As
an auditing tool this system will serve to report actual
resource expenditures versus planned values sc that accurate
comparisons may be made. Although the Criteria itself does
not include a reporting requirement, it certainly establishes
a concrete data base from which subsequent reporting specifi-
cations will evolve in conjunction with the overall Depart-
ment of Defense Resource Management System.

Evolution of Cost/Schedule Control
Systems Criteria Documentation

Seven separate documents constitute the current state
of the Department of Defense documentation efforts.
Collectively, these documents constitute the Criteria. Each
of the source documents described below approaches the
concept of planning and control systems either from the view-
point of the overall department, or from that of the Aix
Force. It appears that the department plan will stress im-

plementation first in the Alr Force, then attempt to broaden
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the working criteria to procufement activities within all
service branches. In response to this objective almost all
of the formal Criteria dccumentation issued thus far stems
either from the Department of Defense in the form of a
general instruction, or from the ARir Force as a more narrowly
defined document. With these thoughts in mind, the following
documents are discussed as constituting the formal definition
of the Criteria. The basic intent and objectives of each

of the documents will be described in the following seven

subsections and illustrated in Table XIII.

AFSCM 70~5.--This early document, issued by the Air
Force Systems Command, was the original attempt at structur-
ing contractors' internal planning and control systems.

Under this requirement the contractor was obligated to furnish
to the Air Force reports derived from a unified structure
operating within the contractor's own internal planning and
control system. The establishment of formal Work Breakdown
Structures, firm budgets for negotiated work, formalized
accounting procedures and scheduling techniques, as well as
defining a new set of reporting parameters, is degigned to
provide the customer increased "visibility" into the develop-
ment cperation. It should be noted that this early document
essentially avoided the probiem of technical performance

reporting and focused primarily on the cost and schedule
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TABLE XIII

BASIC SOURCE DOCUMENTS

Document Namea Date

AFSCM 70-5 Cost/Schedule Flanning and

Control System July 29, 1966
DODI 7000.2 |Performance Measurement for

Selected Acquisitions Decempber 22, 1967
DODD 5010.20|Work Breakdown for Defense

Material Items July 31, 1968
Mil-S5td~881 |Work Breakdown Structures for

Defense Material Iltems November 1, 1968

DODI 7000.2 (Performance Measurement for

(revised) Selected Acguisitions January, 1969
Mil-Std-XXX*|System Engineering Manage-—
ment for Defense

Material Items February 3, 1969
AFR 375-7 Performance Measurement for
Selected Acgulsitions June 27, 1969

AFSCP-173-3 |[Cost/Schedule Control
Systems Criterisa
(Implementation Guide) July 7, 1969

*Will be 1ssued as Mi1~Std-499 (USAT) as indicated in a
letter from George W. Berquist, Deputy Assistant Secretary
of Defense, dated October 23, 1969.

. 1 . . :
variables. Contractors using this regquirement who were
surveyed seemed to view it as a requirement to implement,
fundamentally, a PERT/Cost System. Thus, many of the larger
contractors set about fulfilling WBS requirements with a

PERT/Cost approach.

1., : . . . .
This 1is the consensus of many pevsons interviewed with-
in the aerospace industry, not necessarily the intent of the
issuing agency.
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AFSCM 70-5 is not only prescriptive in that contractors
must attempt to implement its regulations, but it also
introduces the system evaluation concept whereby the customer
validates the centractor management system three months
after contract award. In the three and one-half years since
this document was first issued much has evolved in both con-
cept and experience. Some of the original idezs have proven
to be quite acceptable and desirable, while others have been
shown to be unfeasible. Segments of this document were sub-
sequently revised and then issued under new titles. Cer=-
tainly one major effect of this gyrétion has been to leave
the contractor in a state of limbo concerning the adequacy
of his internal management system. Actual success of this
document ‘1s questionable, although its value in testing the
early concept was very likely quite valuable to the Depart-
ment of Defense as a conceptual sounding board. Many con-
tractors after attempting to implemenit the regquirements
found them to be excessively rigorous and costly. Using the
feedback generated during the evaluation cycle, efforts have
since been expended in search of a more universally acceptable
approach. Each of the documents described below represent

the fruits of this effort.

DCDT 7000.2.~-Thls document will be most remembered of

all the Criteria sources since it represents the first formal
attempt by the Department of Defense to implement a depart-

ment-wide system which would fit into the broader Resource
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Management System. In this source the subject system was
identified as the Cost/Schedule Control Systems Criteria, orx
better known by the abbreviation C/8CSC. Just as in all of
the documents related to the criteria, contractor applica-
tion was keyed to so-called "selected acquisitions" which
were defined in the previous chapter. Much of the descrip-
tive material from this source was very similar to that in
the Air Force version above, but generally speaking, the
requirements outlined here were less rigorous since they
were to apply to a much larger population of contractors.
Five specific operational areas of the contractor system
were isolated for criteria statements as to "systems enginser-

ing" ability. These areas can be summarized-as follows:
1. Organizing--this section outlines some cf the
definitive tasks necessary for the contractor to perform.
Baslcally, the requirement states that all work nust be
defined by a formal Work Breakdown Structure and necassary
resources identified.

2. Planning and Budgeting--this section broadly out-
lines requirements to vlan, set output objectives, maintain
firm budgets, identify management reserves, and establish
formal overhead accounting documents.

3. Accounting--this first Criteria document for the
broad segments of the Department of Defense set only very
general reguirements for cost reporting. Reporting rationale

and traceability were stressed in *this sectlion.
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4. Reporting--five key report-type criteria are out-
lined in this section. These elements are summarized below.

a. Repor£ applied direct costs for work performed
and the budgeted costs for the same work.

b. Indicate actual indirect costs and budgeted
indirect costs.

¢. Show budgeted costs for work performed and
budgeted costs for work scheduled.

d. Note significant variances in each of the
categories listed above in terms of labor, material, over-
head, or any other significant element.

e. Identify, monthly or more often at the discretion
of the contractor, differences between planned and actual
parameters of schedule and technical performance.

f. Identify managerial actions that are beling
taken as a result of deviations observed above.

5. Revising=--continual reevaluation of authorized or
replanning changes on technical performance, schedule, and
cost provisions of the contract. Develop estimates of cost
at completion and funds requirements pasaed on latest con-
tractual developments.

In essence, the Criteria approach summarized here im-
pinges upon all functicnal areas of the contractor's organiza-
tion. Primary emphasis is noted in the requirement For
formalized documentation and planning of work to be per-

formed, plus resultant revisions to the contractual scope of
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this work. From an implementation point of view, the
various services have used their own individual interpreta-
tions of this Criteria, but all of the subseguent develop-
ment effcrts have placed formal requirements in the five
areas outlined above.2

This document was ultimately revised and reissued in
January of 1969. Basically, the new document consisted of
the same content as its predecessor, but many terms were
more clearly defined. Also attempts were made to make basic
requirements even more general in nature than in the earlier
version. For purposes here, both of these sources will be

considered identical in concept.

DODD 5010.20.-~The basic purpose of this document was
to formally establish Work Breakdown Structure formats for
seven categories of defense items: aircraft, aissiles,
space systems, surface vehicles, electreonics, and ordnance.
Given a particular type of defense item, reporting or
management categories were established which would be con-
trolled throughout the total acguisition process. Since the
major thrust of this paper is concerned with aerospace
contracts, the present discussion will focus on that area.

The Work Breakdown Structure for aircraft systems first

divides the total task into ten major subcategories. Items

2 ; ,
Letter, George W. Barguist, Deputy Assistant Secretary
of Defense, October 23, 1969.
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which were chosen for cost and reporting categories are as
follows: (1) airframe, (2) peculiar support equipment, (3}
common support equipment, (4} systems test and evaluation,
(5) systen/project management, (6) training, ({(7) data,
(8) operational/site activation, (9) industrial facilities,
and (10} spareé and repailr parits. The observant reader will
notice that this breakdown represents actual reporting of
life cycle cost for the item. Beyond the level illustrated
above there is a third level of the structure which is more
specifically defined for control purposes and problem analy-
sis by the procuring agency. A representative example of
structure elements of level three for the aircraft seguent
is airframe, power plant, and communications. Subordinaﬁe
functions of the standardized structure shall be maintained
by the contractor and used in the following six basic areas:

1. Project management,

2. Establishment of management control systems,

3. Provision of framework for configuration managemeant,

4. Creation of framework for Resource Management System
reporting,

5. Logistic planning will be keyed to framework,

6. Programming and budgeting will be performed for all
elements of the structure.

In essence this document became the broad ccnceptual
framework upon which thea subsequent Military Standard 881

would evolve. Issuance of thig document was little more than
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formal recognition of  a concept which was conceived during
the early days of PERT, around 1959, and became an integral

part of the early Criteria documentation.

Mil-Std-88l.--This document seems to represent a formal

splintering of the original concept in that early Air Force
attempts to implement the Criteria used the Work Breakdown
Structure as an essential element of the overall system upon
which basic operating validity would depend. After more
complex documents ran into contractor opposition, the
Department of Defense seemed determined to push actively
forward some of the more acceptable concepts of the Criteria.
The most universally acceptable concept was that of dividing
work up into manageable packages which were structured in
such a way that valuable information for planning and
control could be extracted. This formalized Militarxy
Standard is thus viewed as a first step in the long-range
goal of full Criteria implementation, but also represents an
acceptable or usable packege to be used for smaller programs
which did not fall into the "selected acquisition” category.
The Work Breakdown Structure thus was designed to provide a
consistent and viable framework to facilitate
a. A more effective management and tech-

nical base for planning and assigning manage-

ment and technical responsibilities by

operations within those governmental offices

responsikble for the acquisition of defense material

items and among thosce contractors furnishing the
items.
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b. More consistent control over and report-

ing of the progress and status of engineering

and other contractor efforts, resource alloca-

tions, cost estimates, expenditures, and procure-

ment acticns throughout the development and

production of defense material items.3

In concépt, this document is quite similar to other
documents which had been in use within the defense industry
since the early sixties. In fact, it represents a standard
regimented approach to data collection and management control
throughout the weapons system or, as the document is written,
life cycle. Not only does the document fit integrally into
the Criteria concept, but also focuses attention on cost
reporting for systems analysis within the Department of
Defense. From a long-~range viewpoint this document will
probably make o greater opesrational impact on the contractor's
way of doing business than any other single source document,
Rationale for this statement is based on the idea that once
the data are collected in some standard fofmat, the other
requirements represented by the total Criteria becdme some~
what mechanical. The Department of Defense's logic for
introducing this concept first in sequence was to implement
slowly a key element of the Criteria into the contractor's
intefnal logic system. Thercafter, introduction of the

mechanical requirements would be more readily palatable.

3Mil-std-881, p. iii.
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Mil—Std*XXX4.—-This document has had such a brief

history that no experience with implementation is available
for illustration. ESeveral subtle changes appear to be con-
tained within this source which distinguich it from earlier
sources. First, procuring agencies have the formal authority
to select and choose parts of the specification for applica-
tion to given contracts. This represents added flexibility
over almost all of the previous military oriented specifica-
tions. Second, and much less well defined, is the problem
of managing the allocation variables of time, cost, and
technical performance. Time and cost appear to have been
combined into oné definitive category titled "Cost/Scheduile
Performance Measurement (C/SPM}," while technical perfor-
mance is separated into a second definitive category titled
."Technical Performance Measurement (TPM)." It appears that
this division alleviated one of the larger existing imple-—
mentation problems of previous techniques, that being the
necessity of managing cost, time, and technical performance
with equal rigor through the development cycle. Such a
division thus allows varying emphasis tc be placed on each
of the twc categories, or essentially neglected if the pro-

curing agency so desires.

4This document wiil eventually be issued in revised form
after Alx Force evaluation as Mil-5td-499 (USAF) according
to a letter from George W. Berquist, Deputy Assistant Secre-
tary of Defense, dated October 23, 1969. The ultimate product
is hoped to be a department-wido systems engineering approach
to acquisition managemant. '
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A third change from previous systems is the emphasis
on integrated systems. Evidence of this trend is reflected
in statements regarding such factors as

1., Identification of System elements in accordance with
Mil-5td-881 (descriked above},

2. Configuration control items identified within the
overall plan,

3. Performance systems effectiveness studies to ascexr-
tain such facts as life cycle costs of various proposals and
reliability,

4, Consistency of decision making throughout the Work
Breakdown Structure,

5. Traceability of changes throughout the VWerk Break-
down Structure,

6. Visibility of technical progress and timely report-~
ing of nroblem areas.

In addition to the traits described above, the contrac-
tor must submit a system engineering management plan (SEMP)
which sets forth his proposed efforts for the conduct of the
contract. During performance of the contract, this plan will
be used for surveillance of the contractor to affi:im the
extent to which program objectives are being accomplished.
It is further stated that engineering decisions made during
this process shall be optimized, taking into consideration

the resource and schedule constraints, plus the incentives
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stipulated in the contract. Cost estimates will be estab-
lished for these decisions in view of the overall life cycle
cost. Optimization is further defined as the exclusion of
undue engineering sophistication for any single element.
Certainly these objectives represent conceptual and tech-
nical advances over existing patterns noted in the typical
acquisition cycle.

Each of the points discussed in relation to this docu-
ment appears tc indicate that the government is continually
expanding its requirements into increasingly broader terms
which, in theory, approach total system integration, yet in
operation this approach leaves sufficient flexibility sc that
procuring agencies are not forced to accept the total package
constraints. Once again the Criteria concept is invoked
here, although many will argue that some of the reguirements
approach such strict definition that the document assumes
the characteristics of a traditional specification. Require-
ments for validaition are believed to be spelled out in
DODI 7000.2, but. firm confirmation of this must await
issuance of the final draft. So far as complexity is con-
cerned, this source document attempts to define the entire
envireonmental structure. This suggests that future versions
will have to either hecome more specific. or omit some of
the more controversial issues such as configuration conikrol.

Whatever may be the case, military contractors are looking
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at a systems engineering document of this type as the key

to future requirements.

AFR 375.7.--This regulation represents the Air Foxce's
attempt to begin full scale implementation of a performance
measurement system for “"selected acquisitions." Two points
are pertinent to this summary. ¥First, this document is
merely a continuation or service implementation of Mil-Std-
XXX described above; therefore, the essential elements are
identical. Second, as indicated above, the history of this
document is so short that little more than a content descrip-
tion can be made at this time. Future impact of such a
document appears to be linked to Air Force procurement ob-
jectives and philosophies of the various user contractors
and government procurement agencies. George W. Berquist
recently reported in a letter pertaining to this research
effort that the Air Force was being chosen to attempt actual
implementation of the Criteria first.S Once the problens
were resolved within this contractor sphere, then Mil-8Std-XXX
would be appropriately revised and lssued for application
throughout the wvarious services. In this asslilgnment the
Alxr Force has been charged with the task of finding a workable
performance measurement technique. It appears that suffi-
cient progress has been made through the government-industry

council that specific points have been issued for use as

5 .
Letter from George W. Berquist, October 23, 1569,
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validation checklists. The validation aspect of the regula-
tion will be discussed in the following subsection.

In comparison with most government documents, AFR 375-7
is very brief, being only seven pages in length. Items
covered are congruent with the original C(Criteria document,
DODI 7000.2, previously issued by the Department of Defense
and discussed earlier. The actual impact of this document
will be felt by the contractor through the validation re-
guirement outlined in section four of the source and more
specifically defined in the Implementation Guide, AFSCP 173-3.
S0 far as the contractor is concernad, it will be difficult
to separate AFR 375-7 from any of the source documents
described in this section, plus several others which are
peripherai to the Criteria.

Words used to describe Criteria objectives are

. . efficient and effective management of cost,
schedule, and technical performance. The system

will produce valid, auditable, and timely perxr-

formance data that can be summarized for use by

each successive level of management and by the

Government.

This short quoted statement from the regulation seems to be
consistently voiced throughout the spectrum of systems
management documents now being issued by the various agencies

involved in military procurement. It may be guestionable

just how much of this philosophy the contractors are taking

6 .
Performance Measurement for Selected Acguisitions,

ARR 375-7, pp. 1-5.




seriously, but there seems little doubt that the Criteria
concept is becoming well ingrained within the military seg-

ments of the acquisition picture.

AFSCP 173-3.--This document is the Implemrentation Guide
for the Cost/Schedule Contrxrol Systems Criteria as contained
in AFR 375-7. There are four major cobjectives stated as the
purpose of AFSCP 173-3:

1. Explain and amplify AFR 375-7, "Performance Measure-
ment for Selected Acguisitions.”

2. Asgist Alr Force managers who must assess the
acceptability of contractors' systems in response to C/SCSC
rcquirements.

3. Assist contractors who must understand and respond
to C/SCSC.

4. Avoid duplication of contractor internal systems
for government reporting requirements.

Chapter two of this source dcoccument outlines the various
standard procedures for application of the Criteria. Once
a contract is identified for surveillance by the criteria,
then it is considered incumbent upon the contractor to sub-
nit a proposal for his desired system which will meet the
outlined requirements of the Criteria., (Chapter three of
AFSCP 173-3 cutlines the demonstration proecedure for the
criteria. Such clements as teawm composition, report formats

and contractor responsibilities are specified.
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Chapter four, "Guidance for Evaluvation and Demonstra-
tion Reviews," is actually the requirements portion of the
Criteria as it exists currently. In this section specific

checklists and tests of compliance are outlined for the

various parts of the Criteria. The validation requirements

are considered vitally important for full understanding of

the Criteria; therefore, they have been inserted in total as

Appendix D of this paper. Basically, the chapter describes
the implementation process as a two-step operation, first
evaluation and then demonstration. The evaluation process
is merely an appraisal of the overall systems design which
has heen submitted by the contractor in response tc a con-
tractual proposal. Demonstration, on the other hand, in-
volves a detailed on-site examination of the contractor's
operating systems. During both of these phases, system
documentation becomes a necessary condition for approval.
The following four steps are required:
1. Responsibilities of operating per-
sonnel
2. Limitations on action
3. Internal authorization required
4, Step-~by=-siep instructions.
To avold duplicating previous descriptions, let it

suffice to say that the implementation suvmmary evaluates

five basic operating areas of the contractor's orcanization:

.
Guide), AFSCP 173-3, pp. 4-3 to 4-.i0.

Cost/Schedule Control Systems Criteria {(Impliementation
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organization, planning and budgeting, accounting, analysis,
and revisions. These same five areas were discussed in some
detail under the DODI 7000.2 document section above. Cer-—
tainly at thig juncture it is not difficult to see the
integrated philosophical scheme of the entire set of docu-
ments being discussed here. Various contractors are now in
the process of being validated using this guide, or other
similar documents lssued by thelr respective procurement
agency. This aspect of the Criteria was explored in the
questionnaire survey performed in conjunction with this
paper and will be discussed at some length in the next
chapter so that the reader can focus his attention on cer-—
tain key problem areas asgssocilated with the Criteria and its
implementation. The information contained in Appendix D
and the summary section 0f source documentz will be helpful
for analyzing some of these individual prcblems.

Chapter five of AFSCP 173-3 briefly discusses the basic
problem of surveillance. In essence, surveillance is con-
sidered to be a Department of Defense responsibility which
will be carried out at each contractor facility where per-
formance measurement requirements are in effect. This simply
reans that once validated, a contractor must carefully main-
tain the operational integrity of his internal control
systems, lest he be faced with additional costs of demonstra-
tion. Chapter six outlines the potential existence of data

requirements associated with the Criteria. Although the
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Criteria itself does not specify data regquirements or
formats, the contractor should expect to supply some sort of
data in association with the performance of the contract.
These data, regardless of format, must be derived from the
contractor's internal system, using the Criteria as a guide
for data collection and content.

In summary, the Implementation Guide represents the
most concrete contractor guidance of all primary souxrce
documents. It would certainly seem that the intention of’
the Ailr Force and the Department of Defenée is to push full
scale implementation of the Criteria-oriented system, as
described by this set of documents. As problems become
better defined, it is guite possible that there will be
additional conceptual changes in the Criteria documentation,
but certain points seem to be well established in the litera-
ture and there are positive signs of these becoming part of
most contractor internal control systems. Indication of
this consistency was mentioned throughout the discussion of
the various documents, but it will be the primary purpose of
the next sec®ion to demonstrate the calculation and applica-
tion of various "essential elements of the criteria." Suc~
cessful accomplishment of this task, linked to a bkasic under-
standing of the spectrum of various source documents discussed
here, will allow the reader some appreciatiocn of the Criteria
scope and its eventural impact on the contractor's way of

doing business within the military sphere. Each of the
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larger contractors in the aerospace and electronics indus-
tries seems quite aware of this Criteria and the resource
expenditure required, but little outward recognition has
been made of the broad impact that such a reguirement will
have on the total acquisition cycle consisting of major pro-
curement agencies, large prime contractors and the vast
network of subcontractors.

A very difficult to describe change from previous
systems is the increasing emphasis on integrated systems.
Physical indications of this trend are reflected by state-
ments regarding such factors as

1. Identification of system elements in accordance
with MiljStd«BSI {descrihed above),

2. Congruence of configuration items within the over-
all plan,

3. Performance of systems effectiveness studies to
ascertain such facts as life cycle costs of various proposals,
reliability, etc.,

4. Assurance of consistency of decision making through-
out the Work Breakdown Structure,

5. Traceability of changesg throughcut the Work Break-
down Structure, and

6., Visibility of technical progress and timely report-
ing of problem arecas.

In addition tc the reguirements described above, the

contractor must submit a systems engineering plan which



186

attempts to define parameters regarding the achievement of
cost, schedule, and performance objectives. The increase in
emphasis reflected here appears to be oriented towards a
more balanced management of the cost, schedule and perfor-

mance variables.

Essential Elements of the Criteria

The central theme of the Criteria is an attempted
integration of time, cost, and performance parameters. Pre-
requisite to integration are two essential concepts, earned
value and Work Breakdown Structure relationships. This
section wil discuss these two parameters pboth in theory and
application, since accurate understanding of each is neces-—
sary before looking at the contracter's potential problem
areas. None of the existing government documents adequately
demonstrate the concept of technical tracking; therefore, im-
plementation examples relating to this subject will be
illustrated later as a contractor innovation. Primary
variable emphasis here, then, will he on c¢ost and schedule

parameters.

Earned Value

The earned value technigue provides the means for an
integrated measurement of cost and schedule performance
against plan. This approach differs from more classical
techniques in that 1t compares performance by cowbining cost

and time into a common framework. In the Criteria application,
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the common framework is, of course, a Work Breakdown Struc-
ture as will be discussed in a later section. A relatively
abstract example of earned value will be given simply to
establish a starting point for the remainder of this dis-
cussion. The following example has been chosen to illustrate
this point:

Assume that the scheduled production rate of an item is
one unit per month and the established budget for this item
is $10 per unit. At the end of six months, five units have
been completed at a cost of $55.

Classical performance measurement would state that the
program is $5 undexr plan and one month behind schedule.

This apprcach is adequate for simple programs, but hopelessly
inadeguate for complex weapons system development programs,
Using the same data the earned value approach can be illus-
trated as follows, using the variables defined below:

(ACWA) Actual Cost of Work Accomplished = Reported
costs

(PVWA) Planned Value of Work Accomplished = units
completed times budgeted cost per unit

(PVWS) Planned Value of Work Scheduled

= units scheduled
times budjeted cost per unit

then; ACWA = $55
PVWA = S50
PVWS = $60.

Using the variables above, cost and schedule variances can

be definad as



Cost Variance = PVWA - ACWA = 50 - 55 = (5)

Schedule Variance = PVWA -~ PVWS = 50 - 60 = (10)

Since both variances are negative, the program is not oﬁly
behind schedule, but spending money at a faster rate than

expected. It is this integrative analysis capability that
makes the earned value concept so useful for planning and

evaluation purposes.

In actual application these variables often become gquite
difficult to calculate due to the scale and cemplex nature
of the development process. As a broad rule, potential
problem categories can ke divided into one of the three
following areas:

L. Time-phasing of resources in conjunction with
overall program schedules such that variances truly indicate
potential problems.

2. DIDstablished budgeting for each elemant of the total
task.

3. Measuremnent of task accomplishment, or discrete
portions of task accomplishment. Alternatively, each package
can. be of such length so as to be negligible when compared
with the entire program. Under this approach work package
accomplishment can be measured simply as affirmative or
negative.

At this point it is difficult to comment on which of

the above areas constitutes the greatest problem source, but



each of the earned value parameters represents a challenge

for the implementing contractor.

Werk BRreakdown Structure

The Work Breakdown Structure is defined in Military

Standard 881 as

« « » a product oriented family tree composed

of hardware, software, services, and other work

tasks which result from project engineering

efforts during the development and production

of a defense materiel item, and which completely

defines the project/program. A work breakdown

structure displays and defines and the product(s)

te be developed or produced and relates the

elements of work to be accomplishad to each other

and to the end product.
When viewed as a total entity, the work breakdown structure
bridges government specified elements, the contractor's
internal extension of the structure, and potential exten-
sions intc various subcontractor organizations. This struc-
ture is illustrated in Figure 21. The lower levels of the
contractor's extended Work Breakdown Structure are further
divided into work packages which are normally associated by
specific operaticonal sheets or work orders.8 As a general
rule, all work packages will be organizationally orianted,
then have established budgets which cover the duration of
the work package. Thusg, the work package concept i1s the 1link

between the Work Breaxdown Strncture and the earned value

concept, Vertical continuity through the Work Rreakdown

8 T ] ng 4 1 2 k
"C/8PCS, The Specification Approach to Performance
Measurement," p. 22.
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structure 1s achieved by the integration of work packages
through cost accounts and on up to higher reporting elements.
Given the degree of uncertainty present in most development
programs, it is often necessary to establish work package
planning by the "rolling wave" approach. In effect, this
involves continual downward evolution of the Work Breakdown
Structure as the program becomes progressively better defined.
The Criteria requires the following three objectives be met
by the structure:
1. All authorized work must be defined and
identified.
2. The structure must extend to the level
at which cost accounts and werk packages are
established.
3. The contractor's ultimate extension of
the structure must reflect the way work is
actually being performedfg
If these requirements are met, it is then possible to use
the earned wvalue approach as defined earlier to evaluate cost
and schedule performance of the contract.

Integration of Earned Value with the Work
Breakdown Structure

An attempt will now be made to give an elementary appli-
cation of the earncd value concept for more realistic program
parameters. Table XIV illusuratzs the basic format for a
development work package plan, given only a few milestone, or

major, work elements. It should ke noted that budget

P1bia.
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relationships must be established for each work package,

then distributed over the proper time frame. Two assumptions
seem quite implicit in this technigue, yet each may be open
for considerable debate in actual practice. First, cost ex-
penditures are assumed linear over the chosen time frame,
although this assumption would certainly not fit all cases
.in practice. Second, it is assumed that accomplishment can
be measured, or reasonably estimated, for all incomplete work
packages. Also, technical progress through the work package
life cycle is assumed linear in the calculation of plannad
value of work accomplicshed (PVWA). Both of these assumptions
would be limiting factors were the size of any one work
package a significant portion of the overall project. Most
military documents recommend that the size and span of a
single work package be less than $100,000 ond eight weeks.
Within this constraiont, the limiting factors described above
generally become negligible.

The challenge to the operating manager in the Criteria
approach is to find meaningful control parameters upon which
to monitor time, cost, and schadnle performance. If the
proper parameters are defined and integrated into the system,
problem identification becowmes a relatively mechanical task
for the operating system. In Table XV- Lwo major points are
pertinent to this discussion. First, the overall status
calculations are demonstrated and, second, isolation of the

speclLfic problem element is achieved. Calculation of the



154

"Sy3uou pUIT = L X 9Tp/GL9 = 196png X YMAJ/SMAD = STUPSUDS  “0PS'TS = QLT X
9T¥/0%9 = 2I2LpPng X VYMAJ/YMOY = 3500 :U0TI2aTAWOD J0F S®3eWTISS eATaIRlITIUEN]

TOTNPRUDS AIAOM JO SNTRA POUUETd = SMAdxwx
.@@Qwﬂwmaooom NIOM I0D SNTPA PBUURTI = YMAdxx
‘PIAYSTTCUOODP HIOM JO 250D TENADY = ¥MDV¥x
0 0 0 0 0 0 w Q L
(08) 0 08 0 0 0 _ 0z S
(0€) 0 CE 0 0 0 00T g
(71} 9 0L 9¢ 05 08 00T 4
(cT) 0 02 0T 01 0s COT £
(gzT) (012} GLE 052 0op 0§ GL Z
0 (0z) 00T 00T 0271 00T 00T 1
{3} (s) ($) (¢ {%) (%) *ON
(a)- () (ay - (=) (g} (¥) {(q) (¥) {$) *duoooy ‘dwoooy | abeiseg
TIBA "UDS | *aIBA "2AS0D 2% x SMAJ * ¥ ¥YMAd % IMOY Teniny puurTg HAOM
(H) (o) (1) (%) (@) (o) (€)

LI0dEY SOLVLS JOVMOVYd MYOM INIWIOTIAFRA

AX ITIUY]



195

various earned value statistics follows the definition
previcusly given and is sufficiently labeled in the example
for the reader to folliow. It should be noted that both the
cost and schedule variances, columns G and H respectively of
Table XV, indicate negative totals. As in the earlier
example, this reveals the project to be spending more money
than planned for the average work package and, further, the
overall program is running significantly behind schedule.

The most likely source of this problem can often be identified
by closer examination of work package variances. In this
example, the large cost and time overruns of work package
two, release drawings, are icdentified as the key contributor
to overall program shortcomings. Further problem identifica-
tion must be made by use of basic Work Breakdown Structure
documents and a network management plan which indicates the
interrelationships between various work packages. For
instance, it is possible that problems in work package two
may be created by severe problems In some other pacing
element which would be identified by the systems engineering
plan. Many companies often use supplementary reports to
indicate critical problem areas. These reports can be simply
qualitative evaluations, or more sophisticated probabilis-
tically based evaluations of program performance., One
particular technique being stressed by many military procure-
ment agencies is that: of the milestone chart. A milestone

chart outlines a sequential list of various tasks toc be
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completed in the program and their corresponding time
schedules.lo In this manner a check can be made on certain
key control points throughout the program life cycle. Re-
gardless of the method actually used, it becomes a signifi-
cant challenge for the average contractor to structure his
information collection and planning systems to meet all of
the requirements of the Criteria and still remain reasonable

in cost. Other definition and implementation problems will

be discussed briefly in the following paragraphs.

Miscellaneous Elements

Several miscellaneous terms and concepts are important
to a fuller understanding of the Criteria approach. It will
be the purpose of this section to discuss some of the more
qritical periphery reguirements associated with this tech-
nigque. The rationale for each of the parameters discussed
is primarily to maintain the integrity of the resulting
earned value calculations. Also, many of the requirements
focus attention on key elements throughcut the'development

cycle.

Work Breakdown Structure reporting nomenclature.-~In

order to establish a reconciliation trail, certain reporting
requirements have been established for work packages. Three

major categories of performance and budget reporting have

lonrchibald and Villoria, p. 11.
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been established: direct resource expenditure, apportione&
effort from other sources, and level of effort charges which
occur regardless of output. Additionally, section 3.le of
the validation checklist outlines the requirements for cost
collection on a recurring or nonrecurring basis. This
second category applies primarily to direct and apportioned
efforts; thus there are essentially five ways in which costs
have to be collected. This scheme is illustrated in Figure
2l. In many instances, the cost evaluation techniques
described above are foreign to the contractor's operating
system. This would appear to indicate that improved report-
ing discipline will be necessary in order to collect cost
and budget data on this basis. Discussions with Air Force
validation team members indicate that =2ffort will be made to
constrict use of the apportioned category. 1In addition,
10st ¢f the managers surveyed during interviews expressed
apprehension regarding their ability to structure budget
data in the manner described herxe. One of the most fregquent
cormments made regarding this phase of the Criteria was that
it would significanily hamper a manager's ability to manipulate
cost data within a work package as had been the previously
accepted practice in many firms. In essence, it seems that
future managerial practices will require an evaluation to be
made of five potential tvpes of resource commitment as

illustrated in Figure 21. Wot only will performance
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Fig. 21--Work package cost categories (Source: Military
Standard 821).

comparison be possible by work package, but also by each of

these categories.

Rigid baseline.-~This element arose due to past probh-

lems with "rubber budgzts," or budgets which changed with
time and often reflected little rore than a contractor's whim,
Cost overrun calculations could previously be expressed in a
multitude of ways with whatever bias suited the situation.
Classical cost problems have often arisen over such ques-
tions as whether the cost quoted reflects amortized develop-
ment cost, whether the cost reflects training, and so forth.

OUne of the basic objectives of a modern planning and control
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document 1is the establishment of well defined objectives and
maintenance of these throughout the product life cycle. Un-
fortunately this task is nearly impossible to accomplish in
real world development programs due in large part to changing
desires of the customer, or to lack of original definition.
For these basic reasons, the customer is forced to make
contractual changes after the original document has been
agreed upon. It was noted earlier that the government as a
customer apparently 1s becoming more conscious of this prob-
lem and is placing greater pressure upon contractors to
specifically define a system and then to hold to its develop-
ment on a nearly fixed price contractual relationship. As
this objective is achieved, the concept of a rigid budget
baseline will tend to operate in fact as it is presumed to

in theory.

In operation there are several significant ramifications
to the fixed budget concept. From the reporting viewpoini:,
cost overruns will be almost impossible to conceal from the
procuring agency, Congress, or the reading public. This
objective will probably focus continuing emphasis on weapons
systems cost performance. Within the contracior organization,
however, the benefits are less cextain. First, it iz pos-
sible that operating budgets will reflect and emphasize
criginal budgets which may be obsolete for present control
and planning purposes. Seccond, contractors are forced by

this requirement to show whether a reserve exists. Sections
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3.8 and 3.9 of the implementation guide outline the require-
ment for the total budget to equal the sum ot all cost
accounts plus management reserve accounts. Although not
obvious, this set of requirements makes cost increases
resulting frcem design changes much more difficult to justify.
The contractor is required to show impact of such changes on
the Work Breakdown Structure, which in turn has been shown
earlier to have a highly regimented set of cost categories.
Padded estimates will be easier to spot and cost account
manipulation will be more difficult.

Basically, the ultimate result of a fixed budget appli-
cation will be an increased pressure on the contractor to
accurately forecast work package costs and generally spend
additional initial planning time establishing an overall
systems engineering plan. There is already strong evidence,
manifested in such contracts as the C-5A aircraft at Lockheed,
that the government is becoming a more prudent buyer. No
longer can the contractual relationship with the customer be

viewed as governmental benevolence.

Configuration management.,--Since 1%64 the control of com-

plex weapons systems configuration has been the object of great
interest in the Air Force as well as in the other service
branches. Although the operating mechanism of this process
generally falls outside the cost and schedule contreol system,

technical performance systems nmust interface closely with
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the configuration control process. The Work Breakdown
Structure provides, once again, the common denominatoxr upon
which configuration elements are identified and monitored.
Certain items are identified in the structure for inclusion
into the configuration management system. In 1264 the
Logistics Management Institute reported that engineering
change proposals accounted for 20 pexr cent of the typical
weapons system cost appreciation during development.ll In
the pre-production stage, configuration items are only
those specification items that are referenced directly in a
contract.12 A configuration element is thus identified for
technical performance monitoring as well as configuration

management control.

Material accounting.--Implementation of the Criteria

may cause considerable problems in the area of material
accounting. Traditiconal systems generally cherged material
expenditures on an as-committed basis. The Criteria speci-
fles that the contractcer's system record resource expendi-
tures only when they are acktually incurred, or can be
uniquely identified with a specific serialized item. Some

of the larger aerospace contractors view this reguirement

1 : . .
1Edward J. Engoron and Albert L. Jackson, "Configura-

tion Management,” Defense Industry Bulletin, IV (April,
1968), 22.

12 ... . ,
Military Standard 88l {(Washington, D.C

.; 1968}, p. 3.
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as a necessity for improved work in process control systems.
Actually, the reguirement as stated involves an accrual
accounting approach for all of the resocurce categories such
as labor and overhead. It happens that most production and
design oriented enterprises already use such a system; thus
the impact of the requirement is primarily in the area of
material accountability.

In summary, this section introduced selected items of
nomenclature, or concepts, which were felt necessary for an
improved understanding of the Criteria requirements. Work
Breakdown Structure nomenclature, rigid baseline budgets,
configuration management, and matexrial accounting require-
ments have been illustrated briefly askove., At this point
the reader should be aware that the broad objectives of the
Criteria are to instill a planning and control discipline
into contractors' management systems, thereby providing the
mechanism for obtaining accurate performance measurement
information regarding the progress of the weapons system
acquisition program. This process has been characterized
throughout this paper as a highly uncertain and costly in-
vestment requiring scarce resources. Moreover, the acguisi-
tion activity is becoming increasingly expensive in develop-
ment cost where many of the activities are not amenable to
exact forecasting and industrial engineering approaches to

work measurement. The Criteria approach has been conceived
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in this environment and is now entering a critical period of

implementation in many contractor organizations.

Implementation of the Criteria

Before reviewing the statistical results of the researxch
study, it is useful to describe how a contractor validates
his management control system and to suggest a few of the
more sophisticated approaches taken by contractors to meet
Criteria requirements. This section is transitional between
strict description of the Criteria itself and the operating
problems of the contractor. In practice it was found that
there was no fine line of distinction between these two
points. The material relegated to this last subsection is
categyorized as being broad in nature, similar to the Criteria,
yet relatively narrow in application., In other words, much
of the material discussed here represents an intexface between
the theory of the Criteria and the implementation attempts

of the contractor.

The validation process.--Since an attempt has been made

by the government to create a specification which is general
enough to allow contractor individualism, the validation

process becomes a quite critical part of the overall system.
Under present guidelines the total validation cycle requires

13

approximately nine months to complete. In addition to

3Teubner, p. 44.
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this, recent extensions to the Truth in Negotiations Act
place added burden on the contractor by requiring that the
prime contractor vouch for the validity of data submitted
by each of his subcontractors. It would seem that this
would require subsequent validation cycles throughout the
subcontractor network. During this validation period, the
contractor must expend a great deal of effort in documenting
and demonstrating his existing planning and control system.
Formal presentation of the proposed system must undergo a
four~step process in accomplishing accreditation: evalua-
tion, demonstration, on-site demonstration review report,
and systems surveillance,

The evaluation cycle generally occurs when a contractor
is being considered for a selected acguisition contract.
Paxrt of the formal proposal information includes documenta-
tion as to management and control systems capabilities.  1In
the current environment this portion of the proposal response
welghs heavily in future scurce selection decisions., There~
fore, the contractor must keep in mind the final performance
evaluation. The system evaluation process is basically an
examination of the contractor's ability to control the
complex task of managing a weapons system development program.
Once this preliminary effbrt is complete, the validation
process moves into an on-~site demonstration review., The
checklist, presented in Appendix O of this report, illus-

trates the depth required in this sycle. Actual testing,
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auditing and performance evaluation of the contractor's
system normally requires from two weeks to six weeks depend-
ing upon particular circumstances.l4 Not only is the con-
tractor required to have a system which accomplishes the
intent of the Criteria, but it is necessary to have current
written documentation availakle which describes his internal
control system. In theory, the demonstration team goes into
the contracter organization, reviews the system documentation
for compliance, then uses actval documents generated inter-
naily to evaluate the system’s congruence with the Criteria.
The contractor must be able to transpose data from his in-
ternal operating system to the government data system. Also,
the Work Breakdown Structure must be used internally to
budget, define, and measure work as it is actually being
performed. If these two basic requirements are not being
met, the contractor will not pass the initial portion of the
reviéw.

After the contractor has satisfied the demonstration
team of his system control philosophy, the Criteria valida-
tion process proceeds to a demonstration review report made
by the team. In this document the team outlines specific
areas of deficiency and recommends acceptance or rejection
of the Systeﬁ as it was examined. Approximately thirty days

after this point the contractor is shown the review document

Mipia., p. 44.
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and a "fix-it" conference is scheduled for resolutiocn of the
indicated problem areas. Assuming these differences can be
resolved, the system is then approved to operate in its
demonstrated configuration. During the contractual life
cycle, surveillance of the system will be maintained by the
local government representative in order to insure that the
system has not been changed without prior approval. In this
general fashion the contractor's management system can be
validated at the discreticn of the reviewing agency for all
future contracts, selected serxrvice contracts, or for only a
specific contract. It is the second alternative, selected
service contracts, that has been predominant throughout the
short history of the Criteria. One major reason, of course,
is that the Criteria documents have been in such a state of
flux that broader approval has been impossible.

Demonstration results have been anything but smooth for
the typical weapons system contractor. Of the first sixteen
contractors who attempted to pass the early Air Force version
of the Criteria, as of October 1969, only two have success-—
fully cleared all of the hurdles and this was not without
changing the original system to correct “discrepancies.“lS
More recent attempts at contractor validation offer similar
success statistics. Only the Radio Corporation of America,

Defense Electronic Products Division, has completed

lEEEig., p. 45.
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validation of the department-wide criteria at this writing.
Interviews with the Boeing Company and Grumman Aerospace
Corporation revealed that these control group members are
currently in the demonstration cycle and each felt confident
of passing the validation tests, at least under the option
of single contract validation. Many companies have expended
considerable resources in preparation for this requirement
and various innovations have been attempted to accomplish
performance measurement as specified by the Criteria, No
amount of time and documentation could adequately describe
all of these efforts, but a few brief examples will be given
later in this section to show the impact which the Criteria
is already beginning to have on the industry's way of doing

business.

The early power struggle for Criteria interpretation.--

Six Criteria elements are frequent reasons for a contractor's
system's failing its validation test. These elements may be
summarized as follows:16
L. Contractor had redundant operating systens, one
for internal purposes and the second for government report-
ing.
2. Often resources were expended beyond the funding

limit established through the Work Breakdown Structure.

16, . . , D .
This list cannot be credited to any single source;
rather 1t represents a consensus of comments gleaned from
many industry and government sources.
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3. Periodic changes to schedules and cost estimates
made variance analysis of little use.

4. Work packages were too long and task descriptions
too general.

5. Contractor's systems lacked overall integrity. In
some cases cost and schedule control were non-existent,
while others had major deficiencies in certain broad require-
ment areas of the Criteria.

6. Unspecified but necessary functions must be
rigorously controlled in order to fit into the Work Break-
down Structure. Items of work which are authorized but for
which a contractual price has not yet been agreed upon,
constitute the major portion of this problemn.

By 1968, industry elements, consisting primarily of
aerospace, electronic, shipbuilding, scientific apparatus,
and automobile representatives operating under the umbrella
.of the Council of Defense and Space Industry Association, be-
gan to collect and disseminate information to the Department
of Defense regarding the Criteria. Through this mechanism,
contractors had a way to voice owninions regarding the
Criteria without becoming persocnally involved in the contro-
versy themsclves. As a consequence the implementation and
resulting interpretation prcblems seemed to become a power
struggle between the government and its broad collection of
suppliers. It is difficult to identify a victor in this
battle, but each side appears to have found some measure of

satisfaction.
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In essence, the subject industries felt that the Criteria
regimentation was an infringement upon classical management
prerogatives in that it could report small element costs,
restrict managers from manipulating resources and generally
delve into the contractor's internal workings more than any
previous system had attempted to do. On the other hand, a
large resource commitment was being brought to bear by the
Defense Department in implementing its department-wide
resource management system, of which a working system within
the contractor organization was an integral part. The
industry approach has thus been to influence the Criteria
structure rather than simply to fight the concept itself.
Political factors and public awareness of cost performance
within the defense acquisition environment also added impetlus
for such a system to evolve.

The industry associations attacked early Criteria
documentation by stating that many of the requirements were
ton vague, too expensive for the resulting benefit, beyond
the existing capability of contractors; oxr pushed for more
general statements of Criteria intent and more specific
definition of terms. Certainly the efforts of the wvaricus
industry associations has resulted in a change of the Criteria
from what it would have been without resistance. Some of
these evolutionary changes have beoen touched on earlier, but
should be briefly mentioned again here to focus attention on

the areas affected. The major area ncted in which original
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objectives have been most altered is that of technical pex-
formance measurement. None of the government documents dis-
cuss this subject sufficiently for a contractor to implement
in detail. Generally, this means that the problem is handled
by the contractor in a relatively informal way as compared
with other Criteria elements. Most industry members feel
that the original objectives of time, cost, and technical
performance have been essentially restricted to include only
time and cost. Meager attempts are now being made to control
technical performance through the use of elementary tech-
nigues such as milestone charts. Most of the contractors
interviewed felt that this method was quite ineffective for
the tasgk. A second major Criteria area which has changed
somewhat from the original approach has been the reporting
detall implicit in the Work Breakdown Structure. It is now
generally accepted that data will be reported only through
the third level of the structure, which would still give the
manager some measure of freedom in carrying out his duties
without the customer being so intimately involved.
Summarizing the results of the power struggle hypoth-
esized, it seems as though the government has succeeded in
getting its contractors to become increasingly conscious of
internal planning and control concepts. This awareness is
manifested in large expenditures for management control
systems development and the apparent acceptance of the Work

. Breakdown Structure concept as a valid tool upon which to
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structure the various configuration and performance measure-
ment systems. Industry, on the other hand, has seemingly
dominated in the struggle for a broader interpretation of
the Criteria elements and the insistence that technical per-
formance requirements, while reading well, are generally
beyond the existing state of the art for most types of
weapons system acquisition efforts. Certainly the struggle
is not over and other changes will occur as a result of such
factors as management technology, political elements, or
other broad changes in defense philoscphies.

Initial Impact Upcn the Contracter's Method
of Operation

Due to the unexpected mandates of the Criteria, several
forces are currently in motion dictating change in the
methods which the contractor uses for planning and control.
Although it is premature to catalog the entire impact of the
Criteria, three distinct elements have become well enough
established to describe here as key changes which were
brought on by the Criteria and its surrounding structure.
First, and most obvious of the trends, is the acceptance b
most contractors of the Work Breakdown Structure concept.
Second, contractor innovations in pursuit of an acceptable
technical performance measurement system have resulted in
significant progress being made towards the solution of this
difficult problem area. Third., the structure and format of-

many contractor and subcontractor internal management



information control systems is being shaped by the cverall
requirements of the Criteria. The logic and rationale for
each of these trends will be developed in the following

subsections.

Work Breakdown Structure.--Much has already been said

in behalf of this technique. Certainly a contractor, mindful
of this concept, will have to plan system development tasks
much more carefully than was done previcusly. Examination

of some initial subcontractor proposals regarding various
subsystems designed for next generation aircraft, such as

the F-15, reveals that the Work Breakdown Structure concept
now pervades much of the prime and subcontractor network.
Contractor jargon is being {urther expanded to inciude "work
packages" and "rolling wave concepts" which are implicit to
the operation of a predesignated structure.

Several operating managers interviewed felt that the
actual implementation of the Criteria and its associated
systen structure would force the lower level manager to take
a much harder look at the development task before committing
himself to a work package plan with which he must live for
the life of the contract. Reframing this into the nomen-
clature of the Criteria, it seems feasible to say that
managers are becoming more conscious of integrating time,
cost, and performance parameters with the realizaticn that

these will be used for future control purposes. With
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improving reporting capabilities, some companies are using

the Work Breakdown Structure as an external reporting
mechanism, as well as the basic tool for internal control.
From the government viewpoint, then, this concept seems to
add integrity to external data reports and reduce the likeli-
hcod of redundant data reporting systems within the contrac-—
tor's organization. One of the case study companies 1is
attempting to capitalize upon the Work Breakdown Structure's
logical composition by designing a cost collection system
which uses the numbexing logic of the structure to sum up
costs, For example, historical cost data can be generated
for selected items in the structure simply by specifying an
identifier number to the computer program. Previously, this
same data had to be extracted manually from the cost account-
ing system. The effort regquired two or more weeks of time
and one eqguivalent month of human effort.

In summary, the Work Breakdown Structure concept is
being widely accepted by most of the contractors interviewed
or surveyed. A significant short ferm benefit of this
technique is the ease with which historical costs can be
extracted and control activities can be launched. The
general level of cost, time, and performance planning is
being improved due to increased attention focused on lower
levels in the organization. The government is vitally

interested in complete and successful implementation of this
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concept as it, in essence, provides the foundation upon which

the Criteria must be formed.

Technical performance measurement.--DODI 7000.2 defines

this portion of the Criteria as "the regular demonstration

and prediction of the degree of actual or anticipated achieve-
ment of selected technical goals or objectives of a system

or part thereof, together with a causal analysis of the
difference between the achievement and the Objective."lT
This brief statement sums up the substance of government
guidance regarding this portion of the Criteria. In the two
years since this policy statement was issued, contractors
have hastily searched for techniques which would satisfy the
requirement in the customer's eyes. It was guickly noted
that systems designed to measure cost and time parameters
were infinitely simpler than measuring whether the weapons
system being developed was going to exhibit the desired set
of performance characteristics at some future time. BRecause
of this basic guandry, the subject of technical performance
has existed to date primarily in name only. The government
meanwnile has continued to push Work Breakdown Structure and
systems engineering concepts which stress cost and time
parameters, while all parties search for a workable system
which would measure technical performance progress. If one

were attempting to show the impact of the Criteria on the

pop1 7000.2, p. 3.
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subject of technical performance, specific items of accom-
plishment would be difficult to illustrate. However, the
real impact appears to be more conceptual than tangible.
Said another way, contractors are being forced to think
about the problem, but no hard and fast rule has yet evolved
from this search.

Radio Corporation of America, Defense Electronics
Products Division, was the first contractor to be validated
under the Criteria guidelines and as a result of this
precedent-setting move may well have established a conceptual
format for others to emulate., For sake of discussion this
contractor's system can be broken into two major parts, a
performance conirol subsystem and a technical achievement
subsystem.18 Most of this internal planning and control
system follows the traditional lines that have been described
throughout previocus portions of this paper. For instance,
the performance control subsystem relies on a well-defined
Work Breakdown Structure and an integrated network plan.
Through this arrangement, most of the requirements relating
to the Criteria can be met here as in many other companies.
The unique point of this system is found in the orderly
definition and arrangément 0of a technical performance mea-

surement system. This system represents a workable approach

l8Pau1 W. Coben, RCA Defense Eleclronic Products,
Camden, New Jersey, interview conducted at the National
Contract Management Assoclalbion seminar, Washington, D.C.,
August 8, 1969,
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to the task of planning and controlling technical parameters
for a complex weapons system component.

Technical performance measurement as envisioned by RCA
takes on both qualitative and quantitative dimensions. The
qualitative portion, titled "Technical Achievement Summary,"
simply evaluates each key parameter as either progressing
satisfactorily, or presenting problems. Items identified
as problems are explained in writing and corrective action
is indicated. An exanple of the Technical Achievement
Summary chart is illustrated in Figure 23. The RCA guanti-
tative technical reporting system is titled "Technical
Performance Index” and is illustrated in Figure 24, From
the Criteria point of view, it is the quantitative method
that is of particular interest. A technigque such as the one
indicated here is badly needed in order to integrate the
reporting methods for cost, time, and technical performance
parameters. It therefore appears that future techniques to
define performance development progress will rely heavily on
the concepts described herein. BSeven steps are outlilined in
implementing the planning, measurement and control stages of
this technique. These steps are summarized as follows:

1. Determination of organizational authority and
assignment of a direct responsibility for progress to an
individual,

2. Definition cof key technical parameters.,
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Fig. 23~-Technical Achievement Summary (Source:
Paul W. Coben).

3. Establishment of acceptable performance values from
contractual document.

4. Assignment of various weighting factors assigned to
rank relative importance of variables chosen within the
spectrum of system performance (sum of factors eguals 100).

5. Periodical re-evaluation of predetermined probabilis-

tic confidence achievement factors.
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6. Monthly calculations throughout the development
cycle of performance indices computed by multiplying the
welghting factor times the confidence factor, then summing

for all parameters.
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7. Plotting of trend lines to show evolving state of
program performance expectations.19

Each of these steps is illustrated in the sample data
in Figure 24. Othexr companies interviewed were apvroaching
the problem of technical performance measurement in much
the manner outlined above, although none appeared to have
progressed quite to the stage illustrated for RCA. Specific
companies which seem to be following this general path in
search of an acceptable Criteria method are Boeing, Grumman
Aircraft, and Texas Instruments. Concelvably, other corpora-
tions are also proceeding in this direction, and if tech-
nical performance is ever stressed in a purely quantitative
manner, the method described here will probably capture the
essence of the concept.

The subject of technical performance measurement 1is
difficult to zlaborate without getting lost in a forest of
perpiexing problems and vague terms. Assuming a general
scheme for calculating technical performance can be agreed
upon and then required of weapons system contractors, reli-
ance upon this system is going to be more difficult since
human judgment occupies a key role in the calculation of
regults. 1In many cases; actual discovery of bias error must
awalt several months of development before one can say for

sure that the system is invalid. This is certainly not an

Y 1pig.
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acceptable situation from the control viewpoint., Even if
one were to neglect the problem of input bias, there is the
additional problem of parameter forecasting. Unless the
device being developed does not represent a significant state-
of~the—art advance, then the ability of aerospace and
electronics managers to predict performance outcomes must
certainly be questioned. The current impact of the Criteria
approach on the functional area of technical performance
measurement has been more to focus managerial attention on
the problem rather than simply to compel compliance with
this segment of the Criteria requirements. Thus far the
government as a customer appears to have recognized the
complexity of this problem and has not pressed contractors
into unworkable systems which emit paperwork simply for the
sake of another report. With proper gulidance and continued
recognition of the problem complexity, it is likely that the
seeds already planted will germinate into a viable approach

to this problem.

Internal control systems changes.-~There is strong evi-

dence within both the aerospace and electronics industries
to support the hypothesis that the Criteria is already
beginning to shape the structure and format of many contrac-
tors' internal planning and control systems. Since this was
one of the basic objectives, it is not terribly surprising;

however, the degree of conformity iz remarkable when one
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congiders the broad spectrum of activitiy involved in
developing and producing a modern weapons system. Without
attempting to prove a cause and effect relationship, it is
possible to show that the evolution of the Criteria and its
ensuing implementation has a similar evolution of management
information control systems within many large and medium-
sized contractors. This evolutionary cycle began with im-
proving cost control systems and then progressed thrdugh
various iterations of systems management techniques, followed
more recently by attempts to implement combined technical
performénce and configuration management systems. The most
recent stage in the evolutionary cycle has been discussed
conceptually in the subsection immediately above and little
riore can be added here.

Too few companies have reported their efforts in these
complex areas to allow inference to be made as to broad
industry patterns. On the other hand, cost and time control
systems are beginning to take on "typical” characteristics.
The next section will briefly illustrate the Crilteria impact

in these two key areas.

Cost control systems.--Development. and structure of cost

systems has followed a very traditional pattern which
originated back in the scientific management era some sixty
years ago. The major change has been the speed, detail, and

size of the reporting system, as well as the technology
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implicit in the system. All of the cost reporting systems
observed during the visitation and inteyxview stage of this
research were computerized. In addition, many of the com-—
panies have improvised system techniques of close to real
time for inventory, assembly, and fabrication status report-—
ing. The structure illustrated in Figure 25 summarizes the
basic format being developed by most of the contractors in
compliance with Criteria requirements. Two very distinct
changes are noted in the evolution of this structure. First,
the rigor and maintenance of fixed budgets is quite differ-
ent from the traditional practices of most contractors.
Second, the degree of sophistication involved in measuring
of actual work accomplished is much greater than previously,
especilally in the manufacturing areas. In non-hardware out-
put areas, accomplishment is much more difficult to define,
and it 1s guite possible that the impact will not be so
great here. Organizationally, this type of system will
probably change the concept of accounting within industry.
Either the accounting function will become larger to handle
the increased information load, ¢r the function will dwindle
and some staff group will emerge to monitor the enlarged in-
formation system. At present there is no well-defined trend
from which one can draw conclusions. Regardless of the
future of the Criteria concept, it scems reasonable to say
that contractors have been given considerable wmotivation to

improve their internal cost control systems.
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Systems management techniques.--Much of the historical

evolution relating to the PERT concept has been previously
discussed and is relevant to this section. Once again it
is difficult to say that the Criteria has led to improved

systems management techniques, but it seems reasonable to

Accomplish-
ment (in
progress)

Budget

s
v

Earned

Collection
(Actuals)

e anl

Fig. 25--Cost control structure

say that both of these c¢vents matured together in an environ-—
ment where increased emphasis was being placed on the overall

system rather than on a single functional area of a



contractor's organization. If the definition of the Criteria
can be slightly broadened for a moment, then it is possible
to say that the basic Criteria objectives were to improve

the system's emphasis throughout the acquisition framework.
For contractors who are now attempting to implement the
Criteria concept it appears that this is indeed happening

and would have been much siower in coming without the empha-
sis created by the Criteria.

Implementation of the Criteria forces the contractor to
perform a great deal more planning in preparation for pro-
posals and development work on a weapons system. Not only
must existing systems and techniques be better defined, but
the recurring task of planning and control is also being
increased in size and scope.

When one looks at the increased level of program
visibility regarding cost, time, and performance, it is
easy to see that the potential for increased centralization
of decision making 1is possible. On the other hand, a few
of the managers interviewed believed this improved level of
visibility to be an incentive for higher management to
remove themselves essentially from many of the decisions
that they now make and simply perform a surveillance func~
tion while decentralizing the overall decision-making process.
Thus the potential impact for such a syshtem can be viewed in
two ways——-increased decentralization or more centralized

aecision making.
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In order for the modern contractor to satisfy require-
ments regarding the Criteria, it will be necessary for him
to have a very sophisticated network management system in
which time and cost constraints are closely monitored. Many
contractors are attempting to modify older PERT/Cost pro—
grams in order to meet this requirement, while others are
using "canned" programs from the major computer manufacturers.
Most frequently noted in the second category is the systems
program written by International Business Machines for the
IBM-360 Program Management System. Within this broad system
are operating modules which can be used to satisfy general
Criteria requirements. A small segment of the larger con-
tractors have embarked upon variocus programs for total new
system development, but this type of effcrt is cost prohibi-
tive for most contractors.

The typical contractor is being vnressed to improve
existing cost and earned value type reporting systews, while
at the same time network management technigques are being
used to focus attention on the overall task of weapons
system development. These changes represent tangible impact
of the Criteria cencept, but are not given to imply that all
problems regarding cost and time control have been solved.
Such systems are simply man-made informaticon devices, not
generators of weapons systems. The mere existence of modevrn
informaticn devices taus does not per se connote sophisticated

management. It will be years before the true impact is known



regarding these systems' apility to control the resulting
performance ¢f a weapons system and its ultimate cost and
time utility. An operating information system as described
in the Criteria is viewed as a highly complex man~machine
management system from which there is great potential bene-
fit, but the inanimate system by itself is valueless.
Chapter VI will attempt to document the recent past in
regard to such areas as performance measurement, Work Break-
down Structure format and usefulness of selected management
tools within the contractor organization. Second, using
the previcusly described theoretical discussion as a frame-
work, the primary research results will be synthesized into
conclusions regarding the present impact of the Criteria on

military contractors.



CHAPTER VI
ANALYSTIS OF PRIMARY RESEARCH DATA

Introduction

This chapter summarizes and ocutlines the results of the
primary research conducted at eleven aercospace and electronics
corporations, plus the results of three questionnaire surveys
from various zegments of the industry. The industry, aé
used in this description, consists of a combination of aero-
space and electronics contractors typically involved in
weapons systems development and production activities at
either the prime or lower tier contractor level.

A complete summary cf the industry questionnaire and
data are presented in Appendix C. Interview sources were
used to further develop analyses in selected problem areas.
Reviewing the development of the research efforts related to
the project, it is easiest to summarize these efforts by
stating that the early interviews led to gquestionnaire
formats whose results ultimately led to further intervievs.
Through this cycle, every feasible effort has been made to
explore the depth and scope of the Criteria, as well as
its effect upon contractors within the aerospace and

electronics industries.
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Primary Case Study Data

Texas Instruments, used for the pilot study, has long
had the reputation of being a progressive management company
and a reliable producer of complex military electronic
equipment., In an effort to better manage their military
business, top management created, in 1965, a group known as
"project management systems." One of the primary functions
of this staff group was to develop new and effective manage-
ment control techniques for operating managers, then assist
in implementing these systems in project operations. An
important point in the develcopment of this research should
be inserted here. The management systems organization was
a creation of top management and was essentially forced into
being from above. Project managers often locoked at the
“project management systems” groups as excess overhead and
cooperated with them only to the degree necessary to satisfy
top management reporting requirements. Looking back on this
situation, it is interesting to make a comparison with the
government as a customer requiring certain reporting data
and corporate management essentizlly acting in the same role.
Reactions of operating managers are cobserved to be quite
similar in both of these ingtances.

Much of the rescarch effort at Texzs Instruments was
directed toward an analysis of the Criteria effect on operat-
ing levels of a contractor's organization. Such an environ-

ment provided an excellent opportunity to study the Criteria
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and much of the questionnaire fcrmat was derived after this
study. Exposure to the problem while an employee of the
company provided this researcher with several preconceived
notions about the study and some of these early biases have
weathered eighteen months of research and analysis. During
the two-month study at Texas Instrument, approximately fifty
managers with varying functional backgrounds were interviewed
and problem areas were explored. These activities resulted
in a listing of the most frequent problems envisioned by the
managerial group and some understanding of the systems regquire-
ments necessary for proper centrol of a weapons system progranm.
The early approach to program management at Texas
Instruments relied on PERT networks generated by the project
management systems staff group. Assocliated with this net-
work was a regular program status report submitted to top
management. The interxrnal status document basically viewed
the control problem gqualitatively and attempted to analyze
key functional areas of the organization. Also, technical
performance, schedule, and cost parameters were collected
from various sources and presented in this same report
document. Many managers felt that these reports represented
an infringement upon their prerogatives and the data sub-
mitted were often highly filtered, thus valueless as control
tools. A brief check of this reporting technique indicated

that the system was often highly subjecitive and the resulting
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reports were not auﬁitable, except possibly in the area of
cost reporting.

Needless to say, the Criteria approach demanded more
than traditional management information systems could pro-
vide, and the company had to struggle with the problem of
implementing more sophisticated methods of control. Two of
the more noticeable efforts were a PERT/Cost system for
project analysis and a purchasing system designed to automate
much of the internal procurement process, as well as to give
a more detailed reporting capability. With successful im-
plementation of these systems, the company began to approach
the degree of formal systems sophistication required by the
Criteria.

It was discovered during subsequent stages of the
research program that this quest for acceptable planning and
control systems was golng on in many contractor's organiza-
tions throughout the electronics industry, as well as in all
of the large prime contractors in the aerospace industry.
Preliminary checking indicated that much of this effort was
being expended in reaction to the increasing governmenit re-
quiremnant for more sophisticated management control systems.
Also, during 1968, the Air Force was pressing for widespread
implementation of the Cost/Schedule Contrel Systems specifi-
cation. Most of the contractors envisioned this requirement
as a renewal of the previous attempts to implement PERT/Cost

and several contractors began to experiment with this
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network method in order to further test the C/SCSC in the
operating environment.

Efforts at Texas Instruments seemed to follow the
general industry pattern, and the IBM version of PERT/Cost,
called "PMS 360," was initially used as the basic internal
computerized control system. Attempts were also made to nuse
the "PMS 360" program for production projects, although the
classical application for network technigues had been for
non-recurring development programs. Since it was felt that
the Criteria would possibly be applied to large production
programs as well as development programe, a management
control system had to be able to function in both roles
equally well., This process was occurring within the
organization in conjunction with development of more
sophisticated management planning and control technigues

such as the PERT/Cost effort described above.

Interviews

The interview cycle occurred in conjunction with other
phases of the research effort. Specifically, the time
period invelved spanned from July, 1968 to Decemober, 1969.
Many individuals were contacted and numerous opinions were
collected during this period, bkut, in retrospect, there were
fourteen corporate sources which essentially provided the
framework from which most of the resultant conclusions were

drawn. These companies and their respective primary contact
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sources are indicated -in Table XVI. Every effort has been
made herein to treat the confidential data received in these
interviews with proper respect. Although certain inter-
views were conducted in pursuit of specific objectives, the
unstructured approach was found toc be the best method for
gathering large amounts of data in the shortest period of
time. One major disadvantage of this method is that the
resultant set of comments received from one individual were
difficult to compare with others. As time progressed,
interviewees were frequently chosen for specific areas of
expertise, rather than for broad understanding of the overall
Criteria implementation problem. In this manner, attention
could be focused on cne particular aspect of the Criteria.
In addition to the personal interview sources listed
in Table XVI, several letters were written in search of
particular information or opinions by experts in the field.
Primary examgles are letters of inguiry to the Department of
Defanse and the Air Force Systems Command. George W.
Berquist and Admiral X. C. Childers gave most generously of
their time in answering svecific guestions related tc govern-
ment intent, Criteria value, attitudes, and so forth. The
interview process was very beneficial for reliable data
collection, but less satisfactory from the standpoint of
auditabllity and bias. Such interviews generally offered
company exposure from a single corporate member; thus

comments received from this source were oflen narrow in scope
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and not necessarily representative of the overall company's
posture. On the other hand, the guestionnaire responses
were often found to be idealistic and attempted to "white-

wash" the company's approach to the problem.

Miscellaneous Primary Data Sources

Two unexpected, yet influential, primary data sources
appeared by chance in the latter stages ¢f the research
effort. Each of these gave valuable insights intc the
Criteria or its working environment. Fixst, the National
Contract Management Assoclation presented a seminar in
Washington, D.C., on August 8, 1969, titled "Performance
Measurement for Selected Acquisitions.” This seminar
attracted both government and industry personnel, and thus
provided a broad personal exposure to both sides of the
Criteria implementation problem at one time., Second, J; r.
Brandejs of the University of Saskatchewan, writing on
another subject, happened to enclose some of his thoughts
and approaches to current management problems by the use of
more advanced management control information systems.2
These enclosures were found to be so pertinent to the ques-
tion of the Criteria and its true value that permission

was requested to use Brandejs' obsexvations in this report.

2 - .

Letter from Dr. J. F. Brandeijs, Professor at the
University of Saskatchewan, Saskatoon, Canada, October 3,
1969.
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The seminar described above uged a team approach in
discussing the Cost/Schedule Control System, AFSCM 70-5,
being implemented by the Air Force. In one session the
government described why the document was necessary and how
the Air Foxrce intended to validate the contractor's internal
system for compliance with the specification. A second
session, using simulated functional project managers as
participants, described individual sets of problems associ-
ated with the requirements of the Air Force system. Finally,
the two teams met face to face and a formsl debate ensued.
Although the guestions had been studied in advance, there
were occasions when attitudes of the two parties became
something less than cordial. Overall, however, the seminar
was valuable and provided a broad exposure to companies
WOrking with the problem of the new Criteria interpretation
and implementation. In addition, there was an opportunity
to test some of the preliminary conclusions being drawn
from the early questionnaire responses. In every case, the
responses were verified and thus validity was added to the
questionnalre survey. As a final note to the seminar,

J. Ronald Fox, Assistant Secretary of the Army, presented
the long-range governmental objectives for the Cost/Schedule
Control System. Basically, his view was that the government
was being forced to press for further application of

sophisticated contractor reporting systems and the Criteria
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approach now appeared to be the best long range approach to

such information.

Analysis of Questionnaire Data

This section describes the results obtained from the
various questionnaire surveys and attempts to draw meaning-
ful conclusions from the statistical data. Interpretation
of the statistical data will be enhanced by specific infor-
mation gained during the-interview stage of the vesearch
effort. The broad objective of this section is a brief, yet
documented, commentary on Criteria impact observed within

the industry.

Population Analysis

Respondents to the industry gquestionnaire survey con-
sisted of both large and medium size corporations from the
"top 100" defense contractors of fiscal 1968. Twenty-one
corporaticns responded with usable data. Additional effort
was expended to find out if any of the non-responding com-
panies were involved with the Criteria approach. If some
positive indication was cbtained from industry or other
sources, this was also related to the sample response data
summarized in Appendix C. Fcurteen companies, 71 per cent
of the usable responses, indicated an awareness of the
Criteria and positive steps taken to implement the concept
in the company's internal planning and control system. In

addition to these fourteen, nine companies were identified
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as having expended an unkncwn amount of effort to implement
the Criteria,4 Combining these data, it appears that approxi-
mately twenty-three companies in the sample are now inwvolved
in varying stages of Criteria implementation. Ranking these
positive responses by deciles within the "top 100" listing,
and adjusting for companies not surveyed, the dispersion of
Criteria involvement throughout the population can be
observed, Figure 26 illustrates the distribution of favorable
responses versus "top 100" decile rank. This figure indi-
cates that the Criteria exposure to date is oriented to the
larger corporation, with little involvement by corporations
below the fourth decile. For example, all of the top

eleven contractors surveyed were familiar with the concept,
vet only three companies in the lower four deciles were
cataloged as being aware of the Criteria existence. Actually,
none cf these latter companies gave firm indication of this
involvement, but interview comments led to their being
cataloged as positive., Data in the fourth and ninth deciles
are not deemed representative since six companies within each
of these groups were not within the defined study area.

Figure 26 is quite significant to the study in that it
documents the current level of Criteria involvement within

the industry.

See Appendix C, response code E-Ll, for a list of Lhese
companies.
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ggptract Data

Bach of the companies chosen in the control group was
of extremely 1a£ge size; thus its dollar volume of military
contracts was similarly large. Average contract size in the
control group was $l.4 billion, while the remainder of the
population averaged $285 million. The largest contracts for
individual systems were approximately $1.9 billion and $290
million, respectively. It should be noted that all of these
values exceed the threshhold regquirement for Criteria

implementation, and, indeed, many of the respoandents cither
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indicated that the requirement was now being proposed, or
actually reguired. The case study company, while oparating
as a subcontractor through the larger contractors in the
aerospace industry, ranked thirty-ninth on the "top 100"
list and was typified by systems whose life cycle contract
values were near $20 million.

Typical time cycles for the research and development
effort in the electronics industry case study company were
approximately fifteen months, with extremes from three to
thirty-six months. For the smaller companies within the
industry sample, contract time cycles appear to be a direct
function of dellar value aund state-of-the-art advance. The
total product life cycle within the case study company was
8.4 years for the total sample, but only 4.7 years if two
very large system contracts were excluded from the sample.
As expected, this value is considerably lower than the total
cycle time observed for larger systems in the aerospace
industry. In general, it does appear that contractors, at
least through the top five deciles, gualify for Criteria
surveillance as prime contractors and the majority.of the
entire list of contractcrs could gqualify for surveillance as
¢ritical or major subcentractors. Threshold level for
surveillance is typically $25 millicn for research and
development, or $100 million in producticn,

The distribution of contract types differed significantly

from the overall defense acquisition populaticn. This
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distribution of data is presented in Table XVI below. One
striking feature of these data is the strong diversity of

the sample population from the overall Department of Defense

TABLE XVI

COMPARISON OF CONTRACTUAL TYPES

Control Remainder of Total
Type Group¥* Population* Defense*¥*
Fixed Price 19.7% 41.3% 52.7%
Fixed Price Incentive 03.5 18.1 18,7
Cost Plus Incentive Fee 5.6 14.5 9.0
Cost Plus Fixed Fee 7.7 24,1 10.8
Miscellaneous 3.5 2.0 8.8

*Source: guestionnaire survey of "Dol top 100" con-
tractors.

**Military Prime Contract Awards, pp. 47-52.

averages, summarized as "total defense." The control group
was characterlzed by the low incidence of fixed price con-
tracts and the high percentage of fixed price incentive
contracts. The remainder of the sample population more
closely approximated the total defense averages. If the
high level of fixed price contracts indicated in the remain-
der of the sample population can be considered stable, asw
evidence indicates it should, then there should always be a
more restricted application of reporting requirements in this
segment of the acquisition process. The policy-making seqg-
ment of the Department of Defense indicated that the intent

of the Criteria was not strictly to monitor fixed price.
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However, such a relationship does not preclude data report-
ing very similar to the Criteria requirement.

Managers within the case study company felt that the
type of contractual form used by its customer was primarily
a function of the time urgency of the particular product
more than any other single factor. Classical approaches to
this problem have been to relax the tight monetary funding
restraints implicit in fixed price contracting whenever the
state~of-the-art is significant, yet many highly sophisti-
cated products were beling made by the case study company on
fixed price, or very tight fixed price incentive contracts.

The implications of the contractual statistics and
managerial attitudes are important to this study for four
basic reasons. First, the government as a custcmer has
essentially stated that it would be less interssted or in-—
volved in contractor activities if the contract was fixed
vrice in nature. Second, the resulting impact of the Criteria
approach is avparently tied to the degree which the Depart-
ment of Defense 15 able to negotiate fixed price relation-
ships with its various contractcrs. The data indicate that
this effort has not been very successful in the larger
companies., On the other hand, the smaller companies have
often been forced into accepting fixed price contracts in
order to obtain new business. Further change in this area
would tend to minimize the effect of the Criteria on smaller

contractors. Third, major subcontractors who become involved
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building subsystems for large weapons system producers may
have to assume many of the requirements imposed on prime
contractors. TIn fact, the problem is somewhat compounded at
thé lower levels in that each prime contractor is essentially
asking the smaller contractors to supply a significant amount
of very specialized time, cost, and performance data to fit
individualized Criteria systems. The small contractor often
finds himself in somewhat of a dilemma in that management
systems design funds are limited, yet he must have a system
which will mesh with that of several prime contractors’
systems. Fourth, although the government has stated that
the intent of more sophisticated management information
systems is to improve "visibility" in contractor operations,
there is still a general level of confusion as to exactly
what this means in any particular case. For instance, a
fizxed price contract does not significantly lower the
government's desire to obtain information on time of avail-
ability, performance, and cost information which might be
used for future negotiations. Therefore, this trend towards
fixed price contracts does not mean that the Criteria concept
will not have any consequences for smaller contractors.
These four points offer potential divergent paths for the
future trend of the Criteria.

The first two points scem to indicate that simple appli-
cation of increased fixed price contracts will decrease the

impact of the Criteria concept on the smaller contractor.
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On the other hand, items three and four indicate an increas-
ing involvement for the small contractor regardless of the
contractual form. Most of the industry interviewees felt
that the second set of conditions was most likely. The
conclusion of this study is that the degree of impact is
partially related to the contractual form, since there will
be some required level of involvement by smaller contractors,
through requirements imposed by the prime contractor, regard-

less of the contractual form.

Performance 9£ the Contract

Three elements typify the weapons acquisition process
within the industry: employee mix, percentage of profit on
contract, and subcontract patterns. The control group once
again is characterized by large size. The average number
of employees involved in system development was nearly
50,000 per contractor for the control group. The remainder
of the population averaged fewer than 12,000 employees per
enterprise and the overall industry survey average was
approximately 25,000. The relative size of these two seg-
ments of the survey is impressive and reinforces the point
that the aerospace and electronics industry is unparalleled
in the number of people working to accomplish a single
common development and production objective for such sophis-
ticated equipment. Within each of these categories, data

were collected on three particular types of employees:
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engineering, direct production, and clerical. In both
sample segments the direct production category was the
largest, claiming 41.9 per cent of the employees in the
control group and 40.9 per cent of the employees in the
remainder of the industry sample. Of these employees, 18.9
per cent and 24.8 per cent, respectively, were involved in
contracts as elther engineers or scientists. Approximately
25 per cent of the work force in both groups performed the
clerical functions. Finally, the control group categorized
28.1 per cent of its employees in a miscellancqgus category,
while only 6.9 per cent of the remainder of the sample were
cataloged in this area. Due to the large varianée in the
miscellaneous category, extra effort was spent in interviews
examining skill mixes. Although it was impossible to be
completely specific as to the compositicn of this segment,
three items represent major constituents of this category.
These are maintenance, technical staff, and wanagerial
personnel that are not categorized in the engineering or
production functions. It was then concluded that the major
variance indicated probably resulted from differences in the
technical staff size, since the maintenance function appeared
relatively similar in both cases. Intarviewees suggested
that & possible causal factor which might precipitate this
difference was the level of government involvement in the
control group activities and the volume of paperwork, data,

and reports which were submitted to the government. Although
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this opinion could not be prcven, it offers interesting
opportunity for conjecture on the future of an industry
which may be headed towards increased government paperwork,
data, and reporting.

The percentage of profit on military contracts has been
a subject of long contrcoversy and much of the data necessary
to analyze accurately this problem are blocked by strict
corporate security. The average profit on sales reported
through the two segments of the questionnaire survey was
4.8 per cent,and there was little variance between the two
segments of the population survey. This would seem to
indicate that the extra complement of employees in the large
firms is considered an inevitable part of the acquisition
expenses of large weapcns systems. This is suggested by
the profit data which, otherwise, would have differed for
each sample segment. It should be noted that this conclu-
sion 1s somewhalb of a generalization in that many large
contractors are coming under profit pressures on large
contracts, but this pressure appears to be created by poor
cost estimates rather than high overhead resulting from
excessive labor costs. Several of the large weapons systems
contracts were reviewed earlier with the conclusion that
many, if not all of them, were under increased cost pressure
from the customer. Regardless of the historical profit data
reported in the survey or other literature, it does appear

that the government as a customer 1s goling to demand greater
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justification for increased cost. The result of this will
probably be an increasing number of technical staff personnel
who will be required to generate the volume of operational
data required by the government.

The control group subcontracted an average of 45.4 per
cent of the weapons system effort, although many respondents
indicated that this figure was highly variable, depending
upon the type of program in question. It appeared with the
small number inv%lved in the control group that the most
typical considerétion dictating the level of subcontract
was the state of the art implicit in the particular program.
High technology %rograws would have subcontract percentages
near twenty, while a production program with few technologi-
cal demands might exceed 50 per cent. Obviously, there are
numerous other critical factors, such as the level of
activity within the prime contractors plant, but technology
was the most often mentioned variable within the control
group sample.

The response relating to subcontract operations from
the smailer companies of the survey population was scmewhat
unexpected. The average level of subcontract operatiouns
here was 37.0 pver cent, which was higher than initialiy
thought. If one can assume that this is truly typlcal of
the smaller companies cf the industry, then an unforeseen
problem begins to become evident. Control systems which

cperate only within one level of the acquisitlon system will
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be largely ineffective in controlliing total systems cost.
The data above suggest that the necessary level of control
should involve not only the prime and major subcontractors,
but also possibly the third level of subcontractor. Aan
approach to such a control system would necessitate greatly
improved compatibility between various levels of the sub-
contractor network. As a hypothetical example, the F-200
Aerospace Company might be involved with a large weapons
system contract complete with full Criteria requirements;
the ABC Electronics Company, a major subcontractor, might
then be requested to supply certain cost, schedule, and
technical performance data to the prime contractor. Finally,
the X¥7% Company, a subcontractor to ABC, might then he re-
quired to submit similar information to the regquired common
reporting framework. Two alternatives are likely from
such a situation. First, each ccmpany may simply transform
its  own internal informaticn into the reguired format for
submission to the next higher tier. Such an alternative
suffexrs from the deficiencies of deta auditability, timeli-
ness, and accuracy. Second, future evolution of the
companies involved in military procurement would indicate
increasing similarity in internal management information
systems and resulting reporting formats.

The cost of creating an industry-wide Criteria type
planning and control system would probably be prohibitive in

the foreseeable future, even 1f each individual company
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could eventually satisfy the Criteria. Given the flexibility
now desired in the Criteria, there is certainly no assurance
that one Criteria system is compatible with another, except
for manual entries from one to the other. One of the
significant challenges regarding the Criteria appears to be

a means for integrating one corporate system to anothexr. At
present it does not appear that many subcontractors wish to
have such data so readily available,

Three conclusions regarding contract performance have
been drawn from the data surveyed. First, the average
number of employees per company involved in weapons system
development is large, approaching 25,000 for the industry.
Second, it appears that the larger companies of the survey
are characterized as having a greater number of technical
staff personnel than smaller companies in the sample. Since
there is no significant difference in profit between the two
segments of the sample, it 1is theorized that the government
considers this added cost necessary for supplying additional
reports and data. It then follows that an increase in data
requirements for smaller contractors will lead to increased
numbers of technical staff personnel to generate the data.
Finally, the subcontract patterns indicate that common
contractor internal control systems characteristics will be
necessary to generate the required data with proper

auditability, timeliress, and accuracy.
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Criteria Implementation

The distribution of Criteria exposure versus decile
rank within the "Top 108" was previously illustrated in
Figure 26. This section describes the implementation prob-
lems indicated by the gquestionnaire survey and interview
sources.

Even though all seven of the control group corporations
indicated an exposure to the Criteria, it is interesting to
note that only four of them felt able to meet the formal
demonstration test outlined in DODI 7000.2 and its related
documents. Only 30 per cent of the smaller companies felt
able to pass the validation test. Currently, none of the
companies in the industyy have formally satisfied the
Criteria validation reguirements. Many of the problem
areas, indicated in the guestionnaire survey and interviews,
were found to be common throughout the sample. For companies
not yet experienced with the Criteria, specific wvalidation
questioqs were asked and answers to these were used to
evaluate the severity of implementation for the total industry
population. Table XVIII summarizz=s the common compliance
problems which would either necessitate a change in the
formal internal control systems configuration, or some dif-
Ficulty from a managerial viewpoint. An attempt was made to
rank the variables in order of severity by validation area.
This would indicate that the material accounting problem was

most common; maintenance of rigid baseline, second, and so on.
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The sample results indicate general agreement among the
various industry elements. Comments in Table XVIII summarize
the industry attitude towards the Criteria within the con-
tractor environment. If is interesting to note the dis-
agreement among the seven members of the control group
regarding the impact of the Criteria. Three of six usable
control group responses indicated that the Criteria would
cause no significant impact on the previous method of doing
business, while the other three indicated either a "yes" or
qualified "yes" to this question of impact. Most of the
control group interviewees were more positive in their
comerents. There is considerable evidence indicating that
the response to this portion of the gquestionnaire was
dictated to some extent by the company's desire to appear
progressive; therefore, such responses would tend to minimize
problems which were being experienced. For those companies
whiéh indicated that the Criteria would have a significant
effect on corporate operations, the following responses were
obtained:

1. 1XInternal planning aad control is im-
proved through the process of satisfying govern-
ment requirements,

2. Overhead is increased due to the level
of planning necessary to satisfy new requirements.

3. Cost of such a systen is disproportionate
to potential benefits,

4. Top management does not want such a
systemn; therefore, it is just another govaernment
requirement which will be complied with in order
to stay in business.
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5. The Woxrk Breakdown Structure require-

ment is "antipathetic" to the functional organiza-

tion.?>

The questionnaire asked if the Criteria and its associ-
ated resource management system would significantly improve
the company's ability to spot problem areas in advance,
Fifty per cent of the control group answered this guestion
negatively and 70 per cent of the smaller companies in the
survey did likewise. Overall, 61 per cent of the survey
answeraed that the company's ability to spot problem areas
in advance would not improve significantly.

The cost of implementing the Criteria approach 1s very
pertinent to the ultimate decision of whether contractors
persist in the power struggle now occurring. The control
group felt that the cost of operating such a system would
be approximately 1.8 per cent of a $100 million weapons
system contract, while the remainder of the population
estimated the system cost to be 4.2 per cent for the same
size contract.§ Independent study made during the case work
phase of the research effort led to a systems cost estimate
by the author of 3 per cent to 5 per cent. Data of this

type are difficult to estimate because much of the existing

-
3 : : . . .
ALl respondents to this question requested anonymity.

Fach of the indicataed responses brought with it a
warning that such cost estimates are subiject to much defini-
tion. 1In addition, the variability of responses leads one
to the conclusion that such data are extremely subiject to
estimate error.



internal control operation would exist regardless of
external reguirements; thus it is hard to segregate what
would be done anyway from what is required. Companies in
the survey sample had spent an average of $2.8 million over
the last three years on systems design and implementation to
meet the Criteria. From this it can be seen that the
resultant egtimate will not be simple to attain.

The survey summary in Appendix C indicates that the
above totals are once again heavily biased by the control
sample., Smaller companies with less exposure to the Criteria
have spent an average of only $475,000 thus far. In addi-
tion to this, several large computer companies are working
on "canned" programs to generate cost and schedule data
compatible with the Criteria, and this effort may save the
smaller companies from exorbitant internal systems design

work.

Work Breakdown Structure

Part C of the guestionnaire surveyed broad attitudes
concerning the application of Military Standard 881l. The
familiarity with this document is reflected in the resulting
statistics., Tor example, 100 per cent of the total popula-
tion were familiar with this document, and 68 per vent of the
total population agreed that it was a valid approach to the
control of rxescarch and development programs. Also, more
than 80 per cent of the total population agreed that they

would use the approach even if it were not nandatory.
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Many of the companies now actively involved with the
Work Breakdown Structure have established a staff group to
assist the project or program manager with the accomplish-
ment of a formalized structure. Approximately 75 per cent
of the control group is in this category and over 40 per
cent of the smaller companies have followed suit., These
data seem tc indicate that the concept i1s being applied
broadly throughout the industry.

The final objective of section C of the guestionnaire
was to ascertain the usefulness of the Work Breakdown
Structure. Three particular categories were chosen for
analysis: internal pianning and control, top management
information, and customer reporting. The data in Table XIX

indicate results of the total population survey, with

TABLE XIX

INDUSTRY OPIMNIONS OF CRITERIA VALUE IN SATISFYING
THREE TASKS

Cateqgory Per Cent Favorable
Internal planning and control . . . . . . 82
Management information device . . . . . . 55
Customey reporting . . . . . . . . . . . 36

numerical values summarizing industry opinions of Criteria
value in satisfying three vital tasks within the development
process. “That is, 82 per cent believe that the Criteria will
improve internal planning and control. Many participants

feel that the Work Breakdown Structure (WBS) document or its
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resulting data are aot designed for top management reporting;
there is some disagreement as to which of the other two cate-
gories is most useful. The members of the control group
unanimously found the technique to be useful for customer
reporting, probably because of the effects of Criteria re-
porting requirements. In addition to this, the control group
generally responded more favorably in all categories as to
the usefulness of the WBS technique.

The control group envisioned the dccument as most use-
ful for customer reporting, while the remainder of the
population indicated that internal planning and control
would be its most useful function. No specific reason
could be obtained to explain why managers in one segment
of the population would find the technique most useful for
internal purposes, while the other segment thought it to
be most useful for customer reporting. One hypothesis,
similar to that previously presented, is that the early
exposure to the Criteria may have made the control group
managers more conscious of customer reguirements than corre-
sponding managers in non—-Criteria companies. Presumably,
the Work Breakdown Structure should be quite useful both for

internal control and customer reporting.

Planning and Budgeting Process

Since much of the validity of & resource management

system depends upon the ability of a manager or individual
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to estimate probable outcomes for the project, a great deal of
time was spent analyzing this general problem area. For
example, if it islnot possible to estimate accurately the
future cost of a particular item, then it is nct really
possible to compare performance oxr take effective control of
the operation. This section describes managerial attitudes
toward pertinent facets of the planning and budgeting process,
and attempts to identify which variables typically cause
the greatest problems in achieving program success. Three
sets of data will be used for comparison throughout this
section: the control group (C), remainder of the "Top 100"
population (R), and the Texas Instruments survey (T}.

S5ix variables were chosen for ranking by the respondents
in order to measure the most significant managerial priorities
within the planning and budgeting process. Table XX sum-

marizes these data for all three sets of responses. There

TABLE XX

PLANNING AND BUDGETING VARIABLES

Rank
Variable C* R* it

Performance ({(contract specifications) 1 2 3
Cost of effort 2 3 2
Time to first delivery 3 3 1
Production volume (gty.) 4 5 4
State-~of-the~art advance 4 4 N.A.
Value engineering 5 6 6

*C = control group; R = remainder of population: 7 =

Texas Instruments survey.



is a marked degree of disparity among the three sets of
responses, particularly for the performance, cost, and time
variables., One possible reason for this variance is that
each of the three groups had different objectives. First,
the control group (C) indicated the traditional development
appreach to high performance products and flexible cost
contracts. Apparently, both the government and the prime
contractor realize that long cycle times are involved before
first delivery. On the other hand, the remainder of the
population (R) is becoming characterized by firmer cost
contracts with generally lower state-of-the-art approaches
to subsystems developmant. This second point is a judgment,
but it does agree with many comments received in this seqg-
ment of the industry. Third, the ranking at Texas Instruments
provides an in-depth look at one unigue member of the total
population which should, in theory, be congruent with the
remainder of the.population set (R). The apparent dis-
crepancy of the Texas Instruments sample with its counter-
part is explainable somewhat in that many of the product
managers responding to the sample were involved in programs
which were advancing technology, and development time was
typically critical.

According to traditional theory, the pexrformance vari-
able should be the most pertinent variable, foliowed by time,
and finally, by cosf. The euxistence of the cost variable

as clther number one or two in rank, as shown in Table XX,
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indicates an increasing awareness of this variable in com-~
parison with the performance and time variables. Many
regspondents indicated that the three variables cculd not be
ranked as they were of equal importance, but this is not a
realistic attitude in the operating environment since parameter
trade-~cffs must be made.

The second part of the Work Breakdown Structure of the
guestionnaire focused on the ability of a company or indi-
vidual to actually plan the future outcome of the cost,
time, and performance variables. Unfortunately, the results
were guestionable as they did not conform to actual industry
performance. These data appear to suffer from the perennial
optimism of management. Regardless of the numbers thém—
selves, the relative relationship of the variables is a rank
measure of the respondents! ability to predict the future

outcome of the variables. Table XXI summarizes the responses

TABLE XXI

PLANNING RATIOS*

Ratio
Variable Cx* R** T*%
Cost 1.2 1.1 1.3
Performance 1.1 1.0 1.06
Time 1.0 1.0 1.1

*Ratio value is defined as the actual parameter value
divided by the originally planned value, i.e., a 1.5 cost
ratio would indicate that the cost exceeded plan by 50 per
cent.

**C = control group; R = remainder of population: T =
Texas Instruments Survey.
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from the three sets of questionnaires. One lwportant con-
clusion can be drawn from these data, In all three sets of
data, the ability to control the resultant cost variable was
inferior to the ability indicated for control of perivrmance
and time ratios,

The data in no way reflect the actual ability to match
resultant parameters with original objectives, but the rank-
ing of these three ratios is felt to be significant since
the order reflects managerial ability to control the varicoius
parameters,

During the early phases of the research program,
before the guestionnaire format had been decided upon,
several comments were repeatedly made concerning the primaxy
contributors to suboptimum performance of a particular
development program, Using these observations as a basis,
five specific elements were chosen for analysis during the
questionnaire phase of the project. These elements, or
causal variables, are shown in Table XXITI along with the
resultant response rankings for the three sets of question-
naires. This set of data is one of the most enlightening
developments of the enltire research project. Rank positions
of the various clements, reinforced by a large number of
interview inputs, indicaie that most managers feel that sub-
optimum performance in their industry is created primarily
by external factors. Specifically, pushing the state of the

art to meel specifications and time restricticons were
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TABLL XXII

ELEMENTS CAUSING SUBOPTIMAL PROGRAM PERFORMANCE

Element C*¥ \R* |[T*
Customer's changing desires 1 2 4
Time restrictions 2 4 2
Pushing state-of-the~art to meet specifications 2 1 1
Cost restrictions 3 3 3
Production processes 4 5 6
Other 5 6 5

*C = control group; R = remainder of population; T =
Texas Instruments survey.
indicated to be major factors. It is also interesting to
note that the control group {(C) indicated customer's chang-
ing desires to be thelr most significant factor. ¥For the
overall population, the following three causal elements were
found to be the major factors in producing suboptimal program
performance: (1) high state-of-the~art prograus, (2) vary-
ing customer desires, and (3) time restrictions {"crash
" programs®). Bach of these elements directly contradicts the
basic control-criented objectives of the Criteria and will
have to be minimized within the contractor environment bhefore
satisfactory implementation of any planning and control
system can be achieved. Stable programs wust be given o
gqualified contractors with sufficient development time in
order to achieve more satisfackory vesults. The work of
Stubbings and others, previously described in Chapter III,
indicated that the idealistic objectives so prevalent in the

weapons acdquisition process do not produce the most efficient
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device in terms of either the least cost, desired time, or
planned performance constraints. The irony of this is that
the cause of the "inferior" product is apparently the over-
eager customer who simply wants the best product for his
noney.

This section of the guestionnaire confirmed two very
important hypotheses. First, the increasing importance of
cost in relation to performance and time was indicated in
all three sets of questionnalire data. Second, the short-
comings of systems development were indicated by the ques-
tionnaires and interviews to be an external phenomenon in
that the customers' changing desires, time restrictions and
high state—of-the-art program objectives all decrease the
effectiveness of a contractor in predicting the ultimate

outcome of a program's cost, time, and performance parameters.

General Management Tools

Several basic management tools and techniques useful in
program planning and control were selected to ascertain theix
applicablility within the various segmentis of the population.
Various network techniques and classical production control
concepts were included in the questionnaire for sawpling.

In addition, due to the close association of a particular
tool or technidgue to the Criteria itself, a qualitative cneck
on internal response consistency could be made. This section

will evaluate the usefulness of the Criteria components for
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various segments of the population. The network management
techniques, implicit in the PERT approach, were generally
found to be useful in the weapons development project.
PERT/Time, the time-oriented network, is a widely accepted
tool which the questionnaire revealed was used in 100 per
cent of the control group corporations. On the other hand,
only 61 per cent of the other members of the survey indicated
that PERT/Time was used. Implementation cf the Criteria will
probably significantly increase the number of companies using
this technique. As was the case with the Work Breakdown |
Structure, previously discussed, the primary area of appli-
cation is intexnal control, with customer reporting a
secondary majo; use. Research indicates that PERT/Cost,

the time-and-cost-oriented network technique, evidently is

a controversial topic within the industry. Only 23 per cent
of the total populatiocn replied affirmatively to the ques-
tion, "Do you feel that PERT/Cost is a useful tool in your
business?" In this one item the general attitude of the
total industry appears to be summarized. If PERT/Cost is

cf no use to the contractor, thern the Criteria approach
would have to be cataloged in much the same way since the
two taechniques are so similar in nature. The only possible
alternative to this interpretation would be an understand-
ing that many members of industry envision PERT/Cost as a
very regimented system, difficult to maintain and praviously

used simply to submit custcemer reports. If, in fact, the
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Criteria can be shown to be something which submits a PERT/
Cost type report from a more flexible system, then the
contractor may be positively inclined. Thus far, there is
little evidence to indicate that this trend is developing;
therefore, it appears that the Criteria approach must be
stringently pressed from the customer side if it is to be
implemented.

Milestone charts were found useful to all members of
the total population. It is likely that future developments
in technical performance measurement will come from this
type of management tool dus to its wide acceptance and need
in the industry. The earned value concept was also widely
used by the majority of those surveyed, although many
respondents expressed doubt as to their near term ability

to calculate earned value statigtics.

Review

Every feasible attempt was made herein to check response
inconsistencies or non-traditional conclusions which were
obtained. The findings indicated in this chapter validate
the original hypothesis that the government will continue
to press for implementation of a Criteria-type planning and
control system for its contractors throughout the entire
acguisition network.

The primary research effort basically explored wanagerial

planning and control techniques and attitudes associated
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with the weapons acquisition process. These results indi-
cate significant Criteria involvement among the larger
companies in the industry. Associated with this is an in-
creasing emphasis on contractual cost performance and sig-
nificant resource expenditures for development and implementa-
tion of sophisticated computerized planning and control
systems. Contemporary efforts to implement the Criteria

are typified by these events. Future studies of the weapons
acquisition process should confirm the increased level of
contractor conformity noted in this research. The Criteria
is producing.conformance to a pre-established managerial
control process which monitors the development process and

its associated time, cost, and performance parameters.



CHARPTER VII
SUMMARY AND CONCLUSIONS

Sunmary

The methodological approach to this subject has been
deductive. Descriptive material of each chapter was designed
to proceed concentrically one step closer to the specific
problem areas of the Criteria. Chapter I defined the general
problem area, a specific set of objectives within this
arca, the methodology of research; and the overall plan of
the paper. It was initially hyéothesized that the Cost/
Schedule Control Systems Criteria, shortened to "Criteria"
throughout this research, would have a significant impact
upon the typical military contractor's way of doing business.
The stated objective of this research effort was to explore
the total impact which such a system would have on aerospace
and electronic contractors.,

Chapter TI discussed the broad environment of defense.
Development of a modern aerospace weapons system consumes con-
siderable periods of time and great resgources. All too often,
the government, as a customer, finds performance lacking in
such programsg. On the other hand, a contractor often finds
the financial incentives of weapons system development to be
under increasing downward pressure. Previously, the govern-

ment allowed original cost projections to become larger

267
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through contractual changes. In such an environment, con-
tractors were generally willing to allow customer involvement
in various stages of the total systems development cycle;
but, as profit came under scrutiny by the customer, many
contractors appeared to withdraw and keep internal data
available only at the lower levels of the organizatiom.

This effectively concealed the total cost of the device until
the customer was heavily committed to the program.

Since World War 11, the United States has maintained a
strong defense consciousness; the current annual expenditures
for weapons systems procurement approach $22 billion.
Historically, our defense posture has been to attempt
tremendous advances in the state of weapons technology with
each new generation of weapons systems. This philosophy is
raflected across the entire segment of military procurement,
but is especially noticeable in Alr Force and Navy weapons
systems. Much of the current develeopment and production
effort within the aerospace and electronics industries con~
tinues to reflect significant technological advances,

Chapter II concluded with an analysis of the various
aspects of uncertainty implicit in weapons system development.
The original decision to develop a particular weapon system
is uncertain due to lack of timely intcrnational intelligence
data. Additional elements of uncertainty, which are both
internal and external to the contyactor organization, have

been identified throughout the acquisilion procaess. The
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general level of uncertainty in the weapons systam 1s re-
flected by vacillating cost, schedule, and performance
parameters for the specific program. HMarshall and Meckling
of the RAND Corporaticn examined cost and schadule perfor-
mance for twenty-two major items of military equipment. The
remarkable conclusion of this work was that the &Lypical cost
overrun for this population of weapons systems was between
140 per cent and 220 per cent above initial estimates,
depending upon which of two sets of assumptions were followed.
The average system time overrun in this same population
sample was two years, or 1530 per cent above the originally
planned delivery dates. Total cycle time for new major
aerospace systems is noted to be approximately ten years
during which time over $500 million is typically consumed,.
Puring this long time period, the contractor is subject to a
set of uncertainties that seem to dafy logical pre-planning.
The monopsonistic market buyer is uncertain aboui the future
of a system; the contractor is uncertain about long run

pians related to the system, and the general internal approach
to system development is plagued with equal uncertainties.
Throughout this process, the level of uncertainty is found

to be an inverse {unction of the level of definition. For
example, if the need for a particular system could be clearly
astablished and the performance characteristics well speci-
Fied, then contractor performance would be greatly improved,
since the general level of internal uncertainties is more

ranageable.



Chapter III focused on the individual weapons system
acquisition process and analyzed it from the standpoint of
the hardware item and its total cost over the entire life
cycle. Contemporary weapons systems cost from six to ten
million dollars each, and the cost growth curve is an
increasing function with time. Systems which constitute
the next generation of aircraft will continue exponential
growth rates due to the increasing.levels of technology
implicit in these programs. Most of the systems produced
in the sixties had development costs approaching 20 per cent
of the total operaticonal investment, up from less than 5 per
cent for systems produced during World War II,

The final section of Chapter III was concerned with
contemporary weapons systems. In this analysis it was shown
that military procurement is currently very bilg business and
will probably continue to be equally large over the next
decade. Cost overruns for large systems are still common,
although somewhat reduced in size from typical cost perfor-
mance in the fifties. Contemporary system data indicate
that overruns of 50 per cent to 100 per cent are most commen
and that time schedules are being better met by most con-
tractors. Several recent programs have becn terminated for
cost reasons, thus indicating an emerging trend in the
government procurement philosophy toward significantly more
cost consciousness. There is strong evidence to indicate

that pre-planning of weapons system development hasks is
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ineffective due to uncertainties implicit in the situation.

On the other hand, there is also strong indication that
defense expenditures will be increasingly open to guestion
and critical analysis. A paradox develops because there is
insufficient proof that any presently known system is capable
of indicating program status so long as high performance
goals are being pursued ana time is tightly constrained by
the procuring agency. The most likely approach to future
procurement decisions will be slower development cycles,
multiple program activities oriented towards a single objec-
tive, less technological advance attempted, and increased
cost and time constraints consistent with required technical
performance. Within this environment, total systems cost
will be stressed and an increasing level of system pre-planning
appears likely.

Chapter IV discussed the historical evolution cf the
Criteria and other management control systems. It was noted
in this discussion that the evolution of management control
systems 1is closely linked to parallel developments in infor-
mation technology within American industry. GCGovernment
involvement in contractor planning and control systews was
first noted during World War 1L, D[arly attempts in this
segment of the procurement picture were primarily involved
with highly labor-indigenous manufacturing and assenbly
operations. After the war, the cost and complexity of a

modern aircraft weapons system increased dramatically with
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an associated increase in the contractor's technical skill
requirements. Where the big problem of the late forties

was learning curve slopes, by the mid-fifties non-repetitive
engineering efforts and other previously insignificant cost
elements had become of increased interest. In response to
this new aspect of system management, a network—oriented
control technique was conceived, and the government soon
adopted this approach for the time control of large weapons
systems. PERT--Program Evaluation Review Technique--is an
acronym which identifies an approach to the management of
large, costly, and complex weapons systems programs. By
1964, the earlier time-oriented PERT method was merged with
a cost collection framework in order to measure not only
schedule status, but also cost performance for the program.
This second technique, titled PERT/Cost, was made possible
by the increased capabillities of high speed computexr systems.
For the first time, large amounts of data relating to program
operation could be extracted and presented for analysis.

The PERT/Cost approach to procurement was made a
nandatory requirement on many weapons system development
programs but was generally disliked by the using contractor
due to its inflexible nature and strong input discipline.

By the mid-sixties the Department of Defense began to try to
develop the PERT/Cost concept on a more flexible plane. In
this effort, it was envisioned that individual c¢ontracteors

could generate cost, schedule and werformance reports so
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that "systems analysts$" within the department could operate
on a broad spectrum of environmental data in order to reach
a near optimum approach to overall defense spending for the
country. Basically, the Department of Defense approach is
fourfold in nature. A working criteria system within the
contractor organization will supply decision-making data

te the following four elements: (1) programming and budget-—
ing system, (2) contract funds status report, (3) economic
information system, and (4) other system cost information
reports. Ffom the overall Department of Defense viewpoint,
such a system 1s required in order to generate reliable and
timely data to the external systems environment. By late
1966, the Cost/Schedule, Planning and Control System was
created to supply such data for selected Air Force contracts.
The Criteria approach thus is an evolving technigque which
descended directly from earlier network techniques, in
particular from the PERT/Time and PERT/Cost approaches of
the early sixties.

Typical Criteria implementation cost during a two- to
three-year period was approximately $600,000 per company.
Since this initial introductory period, many smaller contrac-
tors have become involved with the Criteria, and the larger
companies have had to expend additional resources in order
to meet the Criteria requirements. Due to this stimulation
from a large and powerful customer, significant strides have

been made in the development of management information systems



274

within both the aerospace and electronics industries. The
current approach to Criteria implementation is to design an
internal set of systems which will, it is hoped, perform
internal control for the contractor as well as satisfy
government data requirements.

Chapter V reviewed the seven basic source documents
which essentially define the Criteria. Associated with a
definition of the Criteria concept is a set of terms and
nomenclature which are implicit in the operation of the
system described. There are several basic tenets of the
Criteria, each of which involves broad segments of the
contractor's organizational structure. The primary reason
for inception of the Criteria was to provide cost, schedule,
and technical performance data regarding selected acquisi-
tions to the top levels of the Department of Defense in
support of the newly-structured Planning, Programming and
Budgeting System. Such a system requires that individual
contractors supply data on a consistent, reliable, and timely
basis. Theoretically, the Criteria approacnhn alliows the
contractor flexibility in designing his individual planning
and control system. The cognizant procuring agency essen-
tially demands only that the total effort be controlled to
the extent that the work is clearly defined, organizational
units specifically delegated, internal schedules and budgets
established, and variances calculatad for planned versus

actual performance. Contractors report that the pursuit of
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these cbjectives influences all of the functional elements
of their internal organization as well as traditional methods
of weapons system development.

The central purpose of the Criteria is to integrate
analytically time, cost, and performance parameters. Defini-
tive concepts related to earned value and Work Breakdown
Structures are prereguisite to this task. In essence, the
earned value technique provides the means for an integrated
measurement of cost and schedule performance against plan.
Planned value of work accomplished (PVWA) is thus designed
to indicate the performance of a specific set of tasks versus
the original budgeted cost of these tasks. Planned value of
work scheduled (PVWS), on the other hand, measures the
anticipated fund expenditure at some designated point in
time. Earned value variances are thus found to be useful
for comparing both schedule and cost performance versus the
original plan. Earned value parameters have given individual
contractors many problems since their inception in the early
sixties. The technique reguires that budgets be established
for each element of the total task; each budget must then be
time-phased over an appropriate time period and, finally,
task accomplishment must be measured so that the earned
value calculations can be made. Fach step in this process
necessitates a sophisticated management information system,

Before carned value coalculations can be utilized, the

entire task must be first viewed as a total entity, then
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divided into manageable units. The Work Breakdown Structure

(WBS), as defined in Military Standard 881, provides an

operational approach to this problem. This concept is now
being reguired on almeost all military procurement contracts
and appears to be a prereguisite to full scale Criteria im-
plementation. The WBS is currently well accepted and
utilized throughout broad segments of military procurement
and must certainly be recognized as one of the early impacts
of Criteria implementation efforts.

The validation process represents the mechanical bridge
from thecory to application for the contractor. The procur-
ing agency is responsible for internal evaluation of a con-
tractor's planning and control system. During the early
Criteria implementation period, contractors had only marginal
success in satisfying system requirements. Redundant internal
control systems and program change procedures were the most
fregquent reasons for failure of individual contractor
systems. Many contractors complained during this period
that the Criteria documentation was vague; the system expense
exceeded its benefit, and the required system parameters were
beyond their existing capability.

Two broad areas of Criteria impact on the individual
contractor's method of operation were observed. First, the
search for a usable Technical Performance Measurement (TPM)
system has resulted in the expenditure of a great deal of

contractor resources. Thas far, this impact appears to be
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more conceptual than tangible in that no one method or
system has yet evolved from the search. Second, many
changes are now being noted in contractoxs' internal control
systems. Basically, these changes can be summarized as an
increase in the rigor and sophistication of internal manage-
ment systems. Alsc, a remarkable degree of industry con-
formity is emerging from the structuring of these systems.
The contractor is observing an increased emphasis on the
overall task rather than a single functional area within the
organization. It appears that the Criteria is stimulating
the typical military contractor to refine planning and control
systems in association with a much broader managerial appreoach
to the weapons development process. The Criteria system is
viewed as a highly complex man-machine management system
from which there is great potential benefit, given the
proper operating environment.

Chapter VI described the primary research. Interviews,
case studies, and multiple questionnaire surveys were used
to document the scope and impact of the Criteria on aero-
space and electronics contractors. From the fiscal 1968 list
of the “top 100" contractors, 69 corporations were chosen as
having an aerospace or electronics orientation. This group

was ldentified as the industry sample, and a questionnaire

£

was circulated to document certain previously defined prob-
lem areas. One of the original premises was that the Criteria

impacts would be experienced within the larger coampanies



first and later within many of the smaller ones. For this
reason, seven of the larger companies who had been previocusly
involved with government management control regulations were
chosen as a control group through which early questions

could be tested or identified. Research data revealed that
all of the top eleven corporations in the sample had been
exposed to the Criteria, while only three companies in the
lower four deciles were aware of the Criteria existence.

Comparison cof contractual types for the gquestionnaire
sample'and the total defense procurement population revealed
a wide diversity. The control group was characterized by a
low incidence of fixed price contracts and high percentage
of fixed price incentive contracts. On the other hand, the
remainder of the sample population more closely resembled
the total defense procurement population statistics. The
implications of these statistics are important for the
following four reasons:

1. PFixed price contracts are felt by managers to be
less susceptible to customer involvement.

2. The degree of Criteria impact is directly hinged to
the ability of the procuring agency to negotiate fixed price
relationships with its various contractors.

3. Major subcontractors operating under fixed price
contracts may not have to take on the full seit of managerial
controls that are imposed on the prime contractor who is

operating under an incentive conkract.



279

4. The government has publicly stated that fixed price
contracts will be less strictly monitored, yet it is gues-
tionable whether such a document will really decrease the
need for program "visibility."

Points one and two indicate that a simple increase in
the application of fixed price contracts will decrease
emphasis on more sophisticated contractor planning and
contreol systems, while the final two points seem to contra-
dict this conclusion. Most sample companies indicated that
the contractual form does have some effect on resulting
government involvement in program development. However,
primary research data and Criteria documentation imply that
the government will become increasingly involved in program
performance regardless of the future trend in contractual
relationships.

The questionnaire survey of the industry revealed that
the amount of human resource involved in a typical weapons
development program is guite large, approaching 25,000 for
the average company. Cne of the basic managerial problems
is the effective utilization of this broad group of resources.
The larger companies in the survey have a greater number of
technical staff personnel than companies of smaller size.
Since there is no significant difference between profit
margins for the two segments of the total industry sample,
it is theorized that the government considers this added

technical staff cost necessary for supplying additional
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reports and data. It then follows that increased Criteria
involvement by smaller contractors should lead to a corre-~
sponding lncrease in technical staff personnel to generate
the necessary data for satisfaction of Criteria requirements,
even though the Criteria itself does not contain specific
reporting requirements.

Fifty per cent of the control group companies felt that
the Criteria system would not improve their ability to spot
problem areas in advance, while 70 per cent of the remainder
of the survey responded similarly. The estimated cost of
operating such a system for a $100 million weapons program
was 1.8 per cent of contract cost for the control group and
4.2 per cent for the remainder of the sample population. An
independent study made during the case study phase of this
research effort led to an operating cost estimate of from
3 per cent to 5 per cent of contract value. Over the last
three years, members of the control group have spent an
average of $2.8 million on systems design and implementation
of Criteria requirements. The smaller companies constituting
the remainder of the population have spent an average of
approximately $475 thousand per company during the same
period.

One section of the questionnaire asked managers to rank
their ability to plan the future outcome of a program in
terms of actual cost, time, and performance versuas original

estimates. Three different groups were then surveyed and
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their responses ranked. In each case, responses indicated
that time could be best controlled, followed by performance,
and finally, cost. Another section of the questionnaire
focused on six elements which were frequently mentioned,
during the interview stage of the research, as causes for
suboptimal program performance. Although there was some
disparity among the response ordexr of the three survey
groups, all agreed that the following three items were
primary contributors to suboptimal performance: (1) high
state-of~-the-art programs, {(2) varying customer desires, and
(3) time restrictions {"crash programs"). It 1s interesting
and pertinent to note that managers from all three survey
groups expressed the opinion that program performance is
typically reduced by factors external to the contractor's
development process. The irony of this conclusion is that
often the cause of inferior performance is apparently the
overeager customer who Simply wants the best product for

his money, in the shortest period of time.

The results of the guestionnaire survey summarize the
Criteria impacts in the recent past, rkut much of the real
impact is yet to be observed as a result of their restricted
exposure to date. As the Criteria 1s required in more large
systems development programs, there will be aontinued
emphasis for the large contractor, as well as the smaller

subcontractor, to undertake implementation of this concept.



2872

Conclusions

The conclusions of this study can best be emphasized
through an evaluation of each of the initial hypotheses
presented in Chapter I. Basic Criteria requirements, the
implementation process, and some significant problem areas
have been focused upon and studied throughout the research
process. This section will relate the resulting conclusions
directly to the hypotheses. The more significant future
impacts which the Criteria concept will have on contractor

operations will be extrapolated from this discussion.

Fvaluation of the First Hypothesis

The first hypothesis stated that implementation of the
Cost/Schedule Control Systems Criteria will have a signifi-
cant impact on most contractors involved in major weapons
system procurement. The three significant arxeas of system
cost, operational impact, and attitudinal impact require

discussion to evaluate this hypothesis.

System cost.--The most noticeable impact of the Criteria

requirements is the high cost of implementation and opera-
tion. Data collected from the questionnaire surveys in both
the case study company and the industry sample show a sig-
nificant cost associated with initial systems design and
resulting implementation. Representative cost for Criteria
implementation ranges from approximately $500 thousand for

the smaller companies to $2.8 million for the larger
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aerospace companies. Recurring operating cost for the system
is estimated by survey and interview respondents to be
between 1.8 per cent and 4.2 per cent of total contract
value, Independent estimates made during the case study
effort plaée the operating cost within the range of 3 per

cent to 5 per cent of contract value.

Operational impact.--The Criteria is changing and will

continue to change operational procedures of the using
contractor. The validation process focuses on five specific
areas; however, there are approxXimately nine operational
areas to which specific reference is made in the Criteria
documentation.l Research data indicate that the tyvical
contractor is being forced to alter internal operating pro-
cedures in order to conform to Criteria requirements in the
following nine areas: (1) task organization, (2) responsi-
bility assignment, (3) planning and budgeting, {4) work
authorization, (5) resource accounting, (6) resource manage-
ment, {(7) planning future progress, (8) technical performance
measurement, and (9) change control. The impact of the
Criteria in each of these areas will be described in the
following paragraphs.

The requirement for task organization implicitly

assumes that a total plan of the system under contract can

be made, designating all authorized work and related

1o s . ; . . . .
This entire checklist is reproduced in Appendix D.
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resources necessary to meet requirements. The Work Breakdown
Structure is envisioned as the mechanism by which the task
will be divided for the sake of analysis and control, Im-
plicit in this approach is the assumption that the task can
be logically planned in advance and a sequence of operations
chosen, Many of the smaller contractors are still organized
functicnally and the WBS approach is distinctly hardware or
task oriented. 1In such instances, there will be strong
pressure for the contractor to change organizational rela-
tionships to a matrix-type organization. Some contractors
have approached this problem by conforming with the Criteria
requirements in regard to the Work Breakdown Structure,; and
then using an automated cross reference system to regenerate
the necessary data for functional control operations. Re-
gardless of the method, contractors will have to generate
product data for their customer, and this may, in turn, cause
the organizational structure to be molded around the external
data requirements.

The requirement for stricter responsibility assignment

differs greatly from current practices observed in the
industry. In theory, the splintering of large unwieldy
projects into smaller, wore manageable units permits respon-
ibility to be shared. On the other hand, this process
increases the coordinative task of project management. On
at least two observed occasions, the approach to responsi-

bility assignment changed from the traditional organizational
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practices of using functional titles to the use.of non-
functional titles. 1In one case, a specific individual was
placed in charge of the Criteria implementation for the
total program. He was viewed as an "interface manager™
between the operating units and the management system re-
guired to satisfy the Criteria control system. Grumman Aixr-
craft provided the second example of how responsibility
assignment is changing organizational mores. In this case,
a title and a position were created for an individual placed
in charge of managing all government-furnished equipment
(GFE) for the F~14 program. Other examples could be given;
however, the ones given should illustrate the point that a
system which requires that individuals be assigned specific
task responsibilities will cause the organizational structure
to change significantly from functional departmentation.
Much of this change is currently, and will likely continue
to be, reflected in non-functicnal titles for many operating
managers.

Criteria validation requires that planning and budgeting

processes exhibit four attributes: (1) be representative of
the described job, (2) establish cost elements within the
substructure which delineate labor, material, and other
direct costs, (3} include "time phasing” cf the resource

expenditure plan, and (4) classify work as either direct,
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apportioned, or level—of—effort.2 Once these are accomplished,
the control process is imposed, using these data as é
standard for comparison.

Three very significant consequences exist as a result
of Criteria requirements in this area. First, there is an
increasing emphasis on the planning and budgeting process.
Thus, if an overrun exists, it will do so because the cost,
schedule, or technicel performance has fallen behind
expected plans., Second, there is an increased emphasis on
preliminary budgets submitted for contractual negotiations.
Previously, a budget was simply a device with which to start
the program; however, there is increasing pressure to main-
tain a rigid program budget. The $11 million speunt by
Lockheed for the C-~5A contract during the initial budget
and proposal stage is an example of the current emphasis
being placed on original budgets. As the Criteria spreads
through the industry, thelconcept of rigid budgets will
increasingly affect the smaller contractor. A third conse-
quence, and one of the biggest problems with the increased
emphasis on pre-established budgets, is the fact that they
are derived under considerable uncertainty and are often
deficient in many areas. From the government viewpoint, a

fixed budget may be desirable for comparative purposes over

"Time phasing” means that a particular resource ex-
penditure plan has a time dimension as well as a level of
commitment.
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the long run, but the contractor cannot effectively use
such a ‘device for internal control operations. A budget
derived in such an environment is often no more than an
estimate, yet there is a strong possibility that this will
be forqottén later when cost overruns begin to occur.
Contractor profits are suffering in many cases where high
risk programs have been undertaken without the financial
protection of the customer. Either the contractor will have
to accept more risk, or the government will have to provide
the contractor with an increased financial incentive for
participating in risky military business.

The validation requirement for formalized work authoriza-

tion procedures is essentially a program for control of
committed funds. In the past, programs frequently spent
more than they were authorized. This was generally a result
of excessive spending by lower level managers exceading
their degree of responsibility. Most of the interviewed
managers agreed that a system for tight control of funds
will be difficult to enforce, but will be necessary for the
contractors' own survival.

From a broad impact viewpoint, the Criteria will probably

have its major organizational impact in the area of resource

accounting. Many of the smaller contraclors do not have

3. . . . . .
Note the corporate financial strain now being experi-

enced by Lockheed Aircraft Company as a result of cost over-—
runs on the C-5A development program.
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sufficient cost collection systems to satisfy the Criteria
requirements. The recording of applied direct costs, on a
basis consistent with budgets in a formal system that is
controlled by the general books of account, regquires an
increased level of sophistication for many contractoxr
systems. For others, the problem is more procedural than
hardware, but changes in the formal accounting system will
be reguired in almost every case.

The resource accounting requirement states that labor,
material, or other direct resources must be charged at the
peint of usage. This will cause difficulty for some since
it requires a degree of sophistication not yet attained in
many companies. The material accountability requirement
will be one of the most difficult operational problems due
to the conflicting objectives created by the customer. The
contractor needs to know the total level of material commit-
ment for such things as progress billings and cash flow
analysis. The new requirement now specifies that material
will also be tracked through the inventory eycle and
specifically identified upon entering into the actual produc-
tion cycle.

The requirements in this area necessitate broad systems
changes for the typilcal contractor. Improved material
resource data will emphasizé the dollar commitment in in-
ventory which has not yet been consumed by the work-in-

process. The contractor must neow spend more time considering
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not only how many components of an item are required, but
also how a more accurate determination can be made of when
these will be needed. One result of this broad industry
change will be an improvement in the ability to retrieve
historical cost information. This, in turn, will have an
impact on the method of making cost estimates and proposals,
as well as on resource accounting technigues. These benefits
are not being fully realized at the present time, however,
because of the general complexity of the requirements in
this areas.

Implementation of the Criteria will bring together data

relating to all phases of the total resource management

system. Interrelationships of the overall effort will become
more apparent, and there will be a tendency for management to
centralize many of the major program decisions and some of
the decisions previously made at subordinate levels of the
organization. A prerequisite of this will be that the re-
ported data are found to be accurate, timely, and sensitive
enough for high level managerial decision making.

In addition to the improved availability of data, there
will be an increased emphasis on the total set of program
performance parameters. A management approach involving the
trade-off of cost, time, and performance becomes an execution
of economic theory. Associated with these data is an in-
creased awarencss of the earned value concept and variance

analysis. Since earned value requires soohisticated data
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regarding actual accomplishment, there will be pressure upon
contractors to upgrade reporting systems. This will be
particularly noticeable for the smaller contractors who are
presently using pseudo-manual systems. For other contractors,
using a disjointed set of operating systems, there will be

an increased emphasis for systems integration.

There is also an increased emphasis on planning future

progress and, assuming the continued use of the Criteria or
some similar system, this emphasis will continue to grow.
Plans must be continually updated with new estimates for
time of completion, Work Breakdown Structure cost estimates,
and plans for the achievement of technical objectives. The
contractor must show evidence that such data are being
distributed and used internally. In addition, plans must

be formalized showing approaches for correcting discrepancies
in the overall operation. Continual efforts mugt be made to
forecast program operational parameters for ultimate cost,
schedule, and performance of the system.

The total dimensions of technical performance measure-

ment have not yet been defined, and a practical method of
implementing such a system is also not well defined. Due to
this lack of guidance, contractors are proceeding along
diverse paths in achieving this objective. Basically, the
process involves the establishment of guantitative perfor-
mance parameters, estimating the present ability to achieve

this level of performance, and then tracking the actual
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progress through the development program. If it can be
shown in early applications that contractors can, in fact,
predict their future ability to meet performance objectives,
then technical performance measurement systems will pervade
the industry. On the other hand, if such systems are found
to have little validity, then this portion of the original
Criteria should fall out of the total system. Currently,
the milestone apprecach is most commonly used in conjunction
with the Work Breakdown Structure to indicate, on a rough
scale, the achievement of technical objectives. All the
surveyed companies were familiar with the milestone approach
and others were using similar network oriented methods.
Until a firm policy decision is made by the Department of
Defense, many companies will continue to experiment with
rultiple approaches to the technical performance measurement
problem. The Criteria has already had a great impact by
requiring the innovation of techniques to measure performance
and set quantitative goals for achievement. Further signifi-
cant changes should evolve from this early effort.

A criteria system attempts to maintain the integrity of

an original budget through a set of restrictive change control

procedures. Past history reveals that contractors often use
the change mechanism to increase budgets which are inadequate
due to poor coriginal estimates or deficient performance.
The Criteria requires that work packages that have been

opened cannot be cnanged. Changes may be made 0 unopened
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work packages so long as formal documentation is used to
show the extent of these changes and the reasons therefor.
Before contractual relief can be gained by the contractor,
he must be able to substantiate that cost increases are
caused by changes in the original scope of the contract or
reprogramming changes dictated by the customer. For changes
in the contractual "baseline," the government on-site repre-
sentative has automatic access to the indicated records for
the purpose of supporting contractors' claims. The govern-
ment is holding firm to thilis requirement and allowing the
contractor's profit to suffer or vanish completely. In many
of the contemporary weapons systems programs, this aspect

of the Criteria has proved to be disastrous. In some cases,
the contracting agency was unable to substantiate cost c¢laims
by use of the formal internal systems; therefore, increased
cests were absorbed by the contractor.

The impacts described in the operational areas are thus
significant and in agreement with the first hypothesis.
llowever, the overall impact will be in more than the dollar
cost or operational areas. Successful implementation re-
quires a significant attitudinal change by the human element
within the organization. This final broad area of Criteria
impact will be discussed in association with the second

hypothesis.
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Evaluation of the Second Hypothesis

The second hypothesis stated that contractors are
adverse to the Criteria and its associated level of govern-
ment involvement. In essence, contractor attitudes toward
the Criteria were hypothesized to be negative. Beyond an
intuitive reaction to guestionnalre answers and personal
observations, this hypothesis is guite difficult to analyze.
The Criteria system, as currently designed by the government,
appears to relay differing images of utility to the various
parties of the acguisition process. On one side, the
government as a customer views the Criteria as a solution
to many of its cost and schedule problems noted over the
past years. The contractor, on the other side of the imple-
mentation fence, views the Criteria mainly as an infringement
60 his classical management prercogatives and an added cost
in the development of future weapons systewms. Other groups,
such as management theorcticians, view the implementaticon of
network management technigues as a beginning of total system
models for the firm. Each of these views represents a part
of the total potential impact of the Criteria.

Questionnaire responses lend strong credence to this
hypothesis in that contractor management provaed to be
basically against the increased level of rigor and sophisti-
cation implicilt in a Criteria-type system. Sone responses
indicate that top managoement neither understands nor wants

a system like the one required by the Criteria. On the
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other hand, the procuring agencies are using this system as
a major condition for contractual source selection; therefore,
all large companies that wish to stay in the defense procure-
ment environment are being forced to adopt the Criteria
methodology in order to be eligible for new contracts. Thus,
in spite of their negative feelings, contractors are being
forced into submission. At present, the controversy surround-
ing Criteria implementation does not involve the procedure
as much as the attitude. Most noticeable in this category
is the typical human resistance to change from traditional
methods.

Case study observations revealed that imposed systems
of the Criteria type often cause employees to undermine an
otherwise logical system. Rathesr than make changes to an
existing system, the new system is often added parallel to
it. An obvious result of this is redundant control svstems,
one of which sexrves the internal operation and the other
used for customer reporting. Tt is one thing for the
government to require that the Contract Work Breakdown
Structure {CWBS) be used for internal control as well as
Criteria operation, but it is another matter for this to
occur in fact. The case study provided an example of this
problem. A central management systems development staff
group designed a tracking system to locate parts in assembly.
In theory, this system was less complicated than some already

in operation, but in operation the system failed. Resistance
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to change was one major factor in the failure of this
system, although many of the other behavioral problems dis-
cussed below also contributed to failure.

As systems become more automated and operating pro-
cedures more complex, the input requirements become increas-—
ingly regimented. The result is that many managers and other
personnel feel subordinate to the operating system. One
result noted in the case study example was that managers
would wiliingly make data inputs to a system only so long as
the beneflit from such activities was greater than the effort
involved in the system maintenance. Interviewees commented
that in some functional areas of the industry, such as
engineering, there has been a long history of a less struc-~
tured managerial style. An increase in the regimentation of
control reporting is, therefore, not a popular concept. All
research data indicate that engineering menagers are oppesed
to the level of systems discipline reguired to successfully
inplement the Criteria.’

Not only will implementation of the Criteria challenge
the engineering manager, but increasing empnasis will be
placed on structuring broader corporate managerial attitudes,
in general. Managers strive toward making their overall

function appear well controlled. This objective can best be

Systems discipline is the fterm often used to describe
an individual or organizational unit thal exhibits the
regimentation required by a sophisticated system.



achieved within a single organizational unit if the manager
freely allocates funds and resources among the various
activities. One common method of doing this is to allocate
or assign charges from slipping activities-—-over-budget work
packages-—~to other work packages which are under-budget.
If this is not carefully controlled, individual item cost
accuracy will be illusory. Managers must not only be work-
ing under a formal control system, but must also be dedicated
to its success before maximum results can be achieved. To
date, there is little to indicate that this attitudinal gap
has been bridged.

Questionnaire responses and interview comments indicated
a yeneral lack of top management interest in the Criteria.
Such an attitude is difficult to explain if the idsa 1is
accepted that a Criteria system will supply any portion of
the organization with more data than it has had under tradi-
tional systems. Some of the surveyed companies had existing
management information systems which satisfied their internal
purposes, and they were opposed to the additional Criteria
reguirements. In these cases, the objection was not to the
availability of more internal data, but more probably to the
availability of more data to the customer and increased
operational expenses for the organization. A. A, Xaufman,
Vice President of Litton Systems, recently summarized the
existing industry attitudes toward Criteria-type systems and

warned of a significant potential problem regarding the
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Criteria. He stated that "Industry has the capacity to
supply enough fictional data to deceive both the government
and themselves."5 The current level of contractor resistance
to the Criteria has shown some signs of weakening over the
past year. However, there is still strong opposition to the

increased level of program "visibility" implicit in Criteria

implementation.

Evaluation of the Third Hypothesis

The third hypothesis stated that the Criteria represents
a marked change in government philosophy regarding contrac-—
tor performance measurement. Data collected during this
research indicate that there is a significant correlation
between Criteria Lmplewentation and improvements being made

to contractor performance measurement systems and procedures.

Cost performance.--Survay data show that cost perfor-

mance is being more stringently monitored in major weapons
system development programs. Questionnaire responses further
substantiate that cost performance is being increasingly
enphasized relative to performance and schedule parvameters.
{n all aresas, the Criteria appears to represent an increasing

government reaction to weapons systems cost overruns.

5 s
A comment made at the Naticnal Contract Management
Assocliation Seminarxr, Washington, D.C., Avgust 8, 1969.
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Time performance.--According ito guestionnaire and inter-

view sources, time performance 1is easier to predict than
either cost or technical performance. The maturation of
network management techniques during the sixties has had a
significant effect on this aspect of contract management.
Little support could be found for the assumption that
Criteria~type approach would have an additional effect on

existing contractor scheduling methods.

Technical performance.~-The Criteria requirements are

having a significant effect on contractor procedures regard-
ing the measurement and control of technical performance.
This aspect of the Criteria remains the major undefined and
unsolved segment of the overall set of requirements. In
essence, the government is looking for increased predict-
ability, not only for cost and time performance but for
technical performance as well. The Criteria are the first
known formal approach to this aspect of contract management.
Thus, the third hypothesis is well substantiated in this

area.

Format flexibility.--Traditionally, government require-

ments have become quite reglmented and formalized. It was
the initial premise of the Department of Defense thal the
Criteria be a broad set of system characteristics which
essentially define only output reguirements. Under this

assumption, the conitractor is allowed Lo supply internal
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definition and structure to his own system. To date, this
initial premise has not been violated. There is, however,
an increasing amount of documentation regaxding content,
structure, rules, interpretation, and other related items.
Many contractors are finding it easier to follow the large
companies' lead rather than to innovate. This trend is leading
to a remarkably structured and uniform approach to system
implementation with an accompanying loss in individual
innovation. As the level of flexibility decreases, the
Criteria requirements become quite similar to the myriad of
previcus governmental regulations. Thus, as far as flex-—
ibility 1s concerned, it seems unfair to lable the Criteria
approach a significant departure, in philosophy. from previous
Department of Defense reqgulations.

Four key areas have been discussed as representing
potential marked changes in government regulatory philosophy.
Analysis in these areas confirms this hypothesis in only
two of the areas: increased emphasis on cost performance
and formal pressure on contractors to develop more sophisti-
cated technical performance measurement systems. Little
support could be found to support the hypothesis in regard

te changes in scheduling requirements ox format flexibility.

Evaluation of the Fourth Hypothesis

The premise of the fourth hypothesis is that no single

managerial technigque is capable of satisfying the broad
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spectrum of requisite Criteria conditions. Implementation
of the Criteria requires a highly sophisticated information
system to monitor cost, time, and technical performance.
Most contractors are approaching the implementation process
by attempting to integrate existing accounting, inventory and
production systems into a broader data collection package.

it obviously is a great task to integrate inter-
organizational systems, but the real problem is even greater
than this, Texas Instruments and other primary subcontrac-
tors are being required to generate data for a broad cross
section of prime contractors. If such is to be the case in
the future, the smaller contractor's system will have to be
compatible with all of the larger contractors with whom they
nay do business. If the original Criteria concept remalins
intact, then the impact will be much more than just an
integration of contractor sub-systems.

The research survey revealed a universal reliance on
network management technigues to satisfy cost and schedule
regquirements; however, technical performance measurement is
relatively unaffected by such an approach. Two problems
arise from the nature of network technigues. First, the
PERT technique assumes a predetermined and logical seguence
of events necessary to develop, test, and produce a weapons
system. The case study research performed in assocciation
with this weport indicates that this assumpticn may not be

valid. For example, the testing cycle can be performed in
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numerous ways and is often changed to facilitate availability
of equipment, to adapt to unforeseen circumstances, or for
other reasons. Sequences of events are often changed through-
out the cycle, and such changes interfere with the operation
of a PERT control system. Second, the PERT technique has
been designed for use in large, non-repetitive programs.
Since large production programs fall within the boundaries
of the Criteria, there is good reason to question the applica-
bility of a network approach for high volume production pro-
grams. Peter Schoderbek and Lester Digman have explored this
problem and concluded that PERT's applicability is secondary
as a program moves frcom the development stage to the repeti-
tive production operation.6

The scope of the Criteria is such that a total informa-
tion system is needed to satisfy all of the requirements.
No single managerial technique such as cost accounting
systems, production control devices, or PERT/Cost is suffi=-
clent to satisfy these Criteria reguirements either within
the internal organization or for a multi-organizational

system.

Future Implications of the Criteria

The long range evolution of the Criteria concept will

be dictated by the success of this technigue regarding the

6 . - . .
Peter P. Gchoderbek and Lester A. Digman, "Third
Generation, PERT/LOB," farvard Business Review {September-

October, 1967), pp. 100-110.




