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PREFACE

This report presents the final results of Rand's Long-Range De-
velopment Planning study, undertaken at the request of the Air Force.
In particular, the Air Force asked that we focus on finding better
ways to determine what technologies should be pursued to develop the
capabilities that will be needed in the future. Accordingly, the re-
port analyzes current planning procedures in both the Air Staff and
Air Force Systems Command and suggests ways for improving their con-
tribution to effective technology development. A progress briefing
of the study was presented to various Air Force offices in the summer
of 1975.

The environment in which Air Force planning takes place may be
undergoing fundamental change. New management control procedures
and policies, some of them aimed at other Executive departments, are
being imposed from outside the Department of Defense. Thus, procedures
being developed in the Congressional Budget Office or the Office of
Management and Budget may overtake some of the observations and evalua-
tions reported in this study. Nevertheless, awareness of past prac-
tices and the interactions they produced may yield insights into
organizational attitudes and preferences, and these should be useful
to the Air Force in working within new departmental guidelines.

The study of long-range development-planning methods is part of
a larger effort to study organizational, budgetary, and methodological
issues affecting the efficient development and acquisition of Air
Force weapon and support systems. Thus it is intended to complement
work on such topics as life-cycle system costs, system-acquisition
strategies, and methodologies for identifying system requirements. A
detailed study of attempts to develop and use quantitative computer-
based planning models for defense-related R&D, summarized briefly in
this report, is presented separately in E. S. Ojdana, Jr., and J. P.
Weyant, An Assessment of Selected Models Used for Evaluating Military

R&D Projects, R-1847-PR, September 1976.
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The long-range development planning study was requested by offi-
cials responsible for development planning in Hq USAF. 1In addition

to being of interest to those with Air Force R&D planning responsibili-

ties, the report should be useful to force planners and programmers
and to DoD officials engaged in planning for any activity that relies

on the products of technology for its future capabilities.
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SUMMARY

Several kinds of uncertainty are inherent in the process of
planning technology programs intended to lead to operational and func-
tional capabilities of the distant future. The kinds of uncertainties
vary, depending on whether the development effort stems from a clear
perception of a particular capability that is needed or from a general
desire to exploit a promising area of technology. Moreover, as devel-
opment proceeds the nature of the uncertainties will change. Environ-
mental conditions that were hazy at the time of initial planning will
have assumed clearer definition because of events that have occurred.
or experimentation will have clarified previously unknown characteris-
tics and performance limits.

In discussing the problems involved in making choices today
regarding technology that will not have application until a distant
tomorrow, some Air Force officials have expressed dissatisfaction
with the way in which 1ong—range'interests have been integrated with
short-term programming strategies, which pertain only to the next
five years. In fact, there is a substantial feeling that the need
for such integration is not being met very well at all. It is for
this reason primarily that Rand was asked to undertake this study of
possible improvements to Air Force development planning procedures.

In approaching this problem, we have focused our attention on
Air Force Exploratory and Advanced Development efforts and have dealt
with the following questions: To what extent does an effective tech-
nology development planning process exist in the Air Force today?

What kind of improvements may be called for? To establish a basis for
evaluating current Air Force R&D planning practices, we have sought

three types of information:

o Organizational management theory
0o Quantitative R&D planning models

0 Industrial planning practices

T o
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structured procedures and timetables.

As

dividuals who have utilized modeling techniques.

a result

Extensive interviews

Engineering (DDR&E), Office of the Secretary of Defense.

of capabilities toward which R&D can eventually lead.

heavily among those on the headquarters planning staffs.

of

Thus, our work began with a search of the literature on manage-
ment theory, industrial planning activities, and modeling techniques.
This research was complemented by visits to government offices and
industrial corporations. During these visits, interviews were held

with planning staff members and corporate executives, and with in-

were conducted with participants in the Air Force's Research, Develop-
ment, Testing, and Evaluation (RDT&E) planning and its related planning
efforts. These included members of the R&D community on the Air Staff,

in the Air Force Systems Command (AFSC), and in Defense Research and

cluded participants in the force planning and programming activities
within the Air Staff whose efforts contribute to the identification
Our contacts

with members of the Air Force R&D community were concentrated rather

to Air Force laboratories, at which technology development is actually

pursued (both in-house and through external contracts), was limited

to a small sampling. We had no exposure in the field to the develop-

ment activity under contract, supervised by the AFSC systems divisions. i
Based on these data, current Air Force planning practices were

examined critically in relation to an analogue developed from our

theoretical study and supplemented by our observations of industrial

practice. The analogue (Fig. 2, p. 17) distinguishes between strategic

and functional planning and describes how the long-range goals, resource

assessments, and corporate policies which result from strategic plan-

ning provide guidance for the setting of technology subgoals and the

assessment of short-term technical alternatives during functional

planning. Strategic planning, which focuses primarily on the organi-

zation's future relationship to the external world, tends to be

analytical and speculative, and deals with unstructured, irregular

problems and insufficient data; functional planning is oriented directly

to the internal control functions affecting current programs, tends to

rely on internally generated data, and takes place according to highly

functional

It also in-

Our exposure

—
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planning, a set of recommended current resource allocations among
selected technology program alternatives is produced.

Our observations of industrial planning practices enabled us to
identify the following common elements that seem worthy of emulation

by the Air Force:

o R&D planning, programming, and budgeting is separated
from other corporate programming and budgeting activities.

o A small staff carries out corporate strategic planning
for the organization's chief executive directly; a simi-
lar R&D planning staff serves the senior R&D executive.

o The organization's long~range goals are assessed
frequently.

o R&D planning is structured, but quantitative methods

are not widely used.

We found that the central shortcoming in the Air Force's long-

range technology development planning is the inadequate state of stra-

tegic planning in the Air Staff. At present, only a limited variety

of long-range operational and functional goals are identified, and by
methods that are not appropriate for dealing with the uncertainties
inherent in the long-range planning period. Resource limitations that
will possibly be encountered in this distant time frame are not as-
sessed in terms of their potential impacts on future programs. More-

over, top management's views about the relative importance of different

capability alternatives and program directions for the period under

planners.
Functional RDT&E program planning for the Air Force 6.2 and 6.3

development categories has improved in several encouraging ways since
we first undertook this study. Assisted by Headquarters AFSC's new
analytical assessments of capability and technology requirements in
each mission area, systematic efforts to develop better program goals

have been instituted both for the laboratory and system—oriented




development efforts. Systematic comparison and evaluation of alter-
native technical approaches within respective mission areas are being
accomplished by AFSC for the 6.3 program elements. Alternative pat-
terns of 6.2 and 6.3 resource allocation to accommodate different
overall program levels are being examined in the course of the annual
RDT&E planning and programming activity.

Clearly, some technology, particularly some in the 6.2 category,

cannot be linked directly to a particular operational capability,

either present or future. Planning for some exploratory development

work must be based heagiixugqlgggygqggﬁgggggstandigg of each field's

physical phenomena and technical promise. Program planning efforts

for other technologies are inhibited in what they can accomplish, how-
ever, by the inadequacies of Air Force strategic planning. Corporately

endorsed strategic goals and policies are needed so that all parties

to the extremely complex RDT&E planning and programming process can

act from common recognition of where the Air Force thinks it should

be heading.

As the process now operates, it is possible for each planning
office, program review group, and reviewing authority to follow its
own perceptions of what the future direction should be. Thus far,

AFSC's development planners have been forced by circumstances to

devote much of their effort.to filling the gap left by the Air Force's
inadequate strategic goal setting. But their goal statements are
largely near term, not long range, in orientation and have only limited
utility as guidance for laboratory planning efforts. Only recently
have AFSC development planners been able to initiate efforts that are
more appropriate for translating Air Force preferences regarding
future capability objectives into guidance directly useful in deter-
mining program goals for different levels of technology. In terms of
industrial practice, AFSC currently is attempting to accomplish the
planning function of both a corporate planning staff and an organiza-
tion's R&D planners. This functional imbalance is likely to continue
as long as the Air Staff and Air Force top management fail to provide

for regular corporate assessments of the organization's long-range
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operational and functional goals and fail to provide functional

planners with explicit statements of the organization's long-range

policy preferences.

Our recommended improvements include establishing a systematic

strategic planning effort by a small corporate planning staff located

within the Chief of Staff's personal staff. This office would be

charged with exploring goals and alternatives suitable for the uncer-
tainties of the future, with particular concern for resource constraints

likely to be encountered. The strategic planners would be encouraged

to cast off the conceptual constraints of an orientation towards iden-
tifying replacement systems for the current mission areas and towards
assuming that current command arrangements and institutions will be

perpetuated. The yearly output of the corporate planning staff need

not be comprehensive in the sense of covering all capability areas

each year, but should provide inputs to such formal PPBS programming
actions as that served by the Extended Planning Annex.

We also propose that Air Force top management should make known

in a formal statement its preferences regarding long-range capability

goals and the distribution of future resources. The Air Force Council

and Air Force Policy Council should participate fully in this function.
These preferences should be communicated to the functional staff ele-
ments, particularly those engaged in near-term force planning and

RDT&E functional planning. It follows that long-range corporate pref-

erences with respect to resource allocation should be integrated rou-

tinely into RDT&E program planning at both Headquarters AFSC and Air

Staff and in planning accomplished by the Air Force laboratories.

Control procedures implemented by the Air Staff R&D managers and by

Headquarters AFSC should assure that the planning actions over which

they exercise authority include careful attention to these long-

range preferences.
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L. INTRODUCTION

Q. Mr. President, since it is widely believed the Soviet
Union has larger rockets capable of carrying heavier pay-
loads and being MIRVed to a larger extent than our warheads,
can you tell us what the relative position would be between
the United States and the Soviet Union in terms of warheads
if each side goes to the maximum number of 1,320 on the MIRV
limit?

A. Well, on delivery systems we are equal. On the MIRVing
we are equal. I think the question you're asking is throw
weight. It is recognized that the Soviet Union has a
heavier throw weight but the agreement does not preclude the
United States from increasing its throw weight capability.

A number of years ago, our military decided that we
wanted smaller missiles that were more accurate. . . . Now
the throw weight problem is one that we can remedy if we
want to. Our military took a different point of view some
years ago when they designed our ballistic missiles. But
we have flexibility. Now, if we decide to go to a heavier
throw weight, we can add a . . . greater number of individual
warheads. That's a choice--a flexibility that we have, and
I think it's one of the benefits of the agreement.

The preceding exchange illustrates how past policies and past
planning decisions about weapon systems have affected current military
capabilities. Today's decisions on today's military Research and
Development (R&D) programs will have a similar impact on the nation's
future military capabilities.

Obviously, all of the factors that will determine the ultimate
wisdom of today's decisions about the development of future capabili-
ties cannot clearly be foreseen. With MIRVs, planners opted for a
more accurate missile at the expense of throw weight. A decision had
to be made, even though there was much uncertainty about the eventual

cost of the system, the technical feasibility of the concept, the

Excerpt from President Ford's press conference on December 2,
1974, commenting on strategic arms control proposals emerging from his
meeting with Brezhnev in Vladivostok, The New York Times, December 3,
1974, p. 28.




strategic context in which it would operate, and the possible counter-
strategy of our most likely opponent. Certainly, the emerging spirit

of detente, the Strategic Arms Limitation Talks (SALT) negotiations,

and the corresponding need for mutually verifiable capability gradients

were not completely foreseen at the time this decision was made.

UNCERTAINTIES IN R&D PLANNING

The example above illustrates the variety of uncertainties with
which future-oriented R&D programs must cope. To develop capabilities
that will be used in the distant future requires projections of user
needs, estimates of operational conditions, and specifications of ex~
pected performance that are inherently uncertain.

Decisions about what kinds of capabilities to develop are based
on a number of highly uncertain considerations: What will be our
national strategy and how will our resources constrain its implemen-
tation? Who will be our opponents? Under what circumstances are we
likely to confront them? What capabilities will they have?

Decisions about the kinds of intermediate technology development
to undertake-~about the kinds of technical building blocks that will
need to be constructed en route to a useful capability--involve still
more uncertainties. What kinds of options can technology make avail-
able now? In the near future? How predictable is the technical
success of a particular option? Which options are being pursued by
other developers? What new alternatives might success make available?
What alternative budgetary and opportunity costs might be incurred to
achieve assumed benefits through the choices now available?

Ultimately, as technology evolves and is combined into more com-

plex hardware and systems, still other uncertainties predominate.
What random variations may appear in system performance? What factors
largely determining performance may prove to be immeasurable? What
kind of measurement errers may creep into the system and thus affect
performance and reliability estimates?

Uncertainty is an important dynamic in R&D and an important con-

sideration for development planning. The nature of uncertainty will




change as technology development proceeds. Initial uncertainties may
be reduced with the passage of time; knowledge acquired in the process
of development will reduce other uncertainties. New discoveries may
stimulate the pursuit of new goals and require the consideration of
new development alternatives. New uncertainties may be encountered.
One should expect R&D planning to take account of the various shifts
in uncertainty and provide appropriate hedges (e.g., by preserving
development options) as the different areas of technology develop from

one stage to the next.

PROGRAMMING IN R&D PLANNING

Planning for technology development that will lead to future Air
Force capabilities encompasses the need to make hard-choice decisions
regarding a wide range of current technology programs. Deciding what
resources to allocate to specific programs during the next few vears
and in what increments is the essence of programming. Some programs
are designed to explore the technical feasibility of new concepts.
Some afford alternative hardware prototype development and testing.
Other programs work out the detailed engineering of components and
systems for possible quantity production.2 Given perennial resource
limitations, program decisions by their nature involve the elimina-
tion of certain alternatives. If those alternative lines of develop-
ment are not available through some other source, their early elimina-
tion from the Air Force technology program could limit what is
available at a more advanced level of development in future years. In
effect, therefore, program decisions both constitute key elements of
current planning and afford direction for follow-on planning.

It follows that an important element in long-range development
planning is to give visibility to the possible technology and

2These types correspond, respectively, to the Exploratory Develop-
ment (6.2), Advanced Development (6.3), and Engineering Development
(6.4) categories into which--along with Research (6.1) and Management
and Support (6.5)--the Department of Defense's RDT&E program is cur-
rently divided. Research is concerned solely with general scientific
research; the 6.5 category includes operation of the test ranges and
support for the Federal Contract Research Centers (FCRCs).




resource-allocation consequences of current program alternatives.
Where possible it is also important that their impacts on the attain-
ment of future capabilities be assessed. This function affords an
opportunity to determine appropriate hedges for the uncertainties
characteristic of each type of development activity so that these
hedges may be integrated into the periodic near-term development pro-
gram decisions.

Problems arise with respect to this highly desirable process of

integrating long-range hedging strategies with near-term program

considerations. What is perceived by programmers (and especially
budgeteers) as a good strategy for maximizing next year's budget may
not appear compatible with a strategy which R&D planners perceive as
needed to acquire a particular capability 10 to 15 years in the future.
Neither may it be readily compatible with a strategy to encourage and
exploit a promising technology in order to give visibility to a new
array of capabilities.

So, despite all the attention given to the management and planning
of R&D activities by other military services and industrial firms that
compete on the basis of technical advancement, the search for better
planning procedures continues. Dissatisfaction with the integration
of long-range development and short-term programming strategies, we
suspect, is in part what prompted the Air Force's request for this
study. Much of the progress that has been made in understanding and
improving the planning of R&D activity can be traced to the Air Force
and the Department of Defense (DoD), yet the procedures used today

are considered by some to be less than satisfying.

SCOPE_OF THE STUDY

This study examines how the U.S. Air Force currently conducts
its technology planning and how Air Force procedures may be made more
effective. It focuses exclusively on the procedures and mechanisms
used in planning--on the makin: of planning decisions, not their
content. Rather than addressing the question of whether the right

kind of capabilities and technologies are being provided for the




future, the study considers whether or not an effective planning pro-
cess exists and what kind of improvements may be called for.

Since we will not be concerned with the technical content of cur-
rent Air Force R&D, the effectiveness of current planning procedures
is not judged with reference to the technical merit of the development
products. Rather, it is evaluated with reference to certain minimal
administrative actions and qualitative assessments assumed to be
essential parts of a rational planning process. The primary sources
for these criteria are currently recognized management theory and
observed industrial practice. Particularly useful as a basis for
examining organizational planning procedures is the approach suggested
by Robert Anthony of the Harvard Graduate School of Business.3 In this
approach distinctions are made between planning designed to set an
organization's future course relative to the external world (strategic)
and planning designed to facilitate managerial control over its in-
ternal processes (functional). These distinctions have been used
throughout our study, first, to construct an idealized concept of long-
range development planning (Chapter 11) and, later, to provide an
analytical framework against which current Air Force practice may be
compared.

Being concerned primarily with long-range development planning,
this study concentrates on only a part of the overall Air Force R&D
program. In particular, it deals with technology de.elopment efforts
(not research) whose expected products do not yet appear in any of the
programming documents as specific inventory or scheduled equipment
acquisitions. A fixed time limit cannot be placed on such a defini-
tion. Some hardware items move from the earliest development stages
into the Air Force inventory in well under a decade, while most de-
velopments take longer. But generally, the study is concerned with
technology development efforts that will take at least six, perhaps
twelve or fifteen, years to yield results in terms of a new operational

In Robert N. Anthony, Planning and Control Systems: A Framework
for Analysis, Harvard University Press, Cambridge, Mass., 1965.
Anthony served as Assistant Secretary of Defense (Comptroller) from
1965 to 1968.




capability. This study does not address the planning for or develop-
ment of major weapon systems programmed for the force in the near
future or any R&D work done in direct support of existing operational
systems.

How is one to label that portion of the current R&D spectrum
dealt with in this study? For sake of convenience we shall refer
throughout much of the report to Exploratory and Advanced Development,
two of five program categories into which Defense R&D is subdivided
in the Department's Planning, Programming, and Budgeting System.

These two categories (PPBS categories 6.2 and 6.3) absorb almost one-
third of the total Air Force RDT&E budget and represent the effort to
explore feasible applications of basic research for possible full-
scale development into useful military capabilities. They comprise
the development aspects of the R&D program grouping which the current
Director of Defense Research and Engineering has labeled '"Creation and
Demonstration of Options."4

Dr. Currie's aggregation of current R&D programs into different
groupings may have been prompted in part by a shortcoming of the PPBS
program categories. As presently constituted, these categories do not
correspond directly to the different sets of planning criteria that are
appropriate to different portions of the R&D program spectrum. Figure |
depicts how the current range of Air Force RDT&E programs (shown by
horizontal bars at the top) might be grouped by planning criteria. At
the far right are the programs selected for full-scale system develop-
ment and programmed into the force structure, e.g., the B-1 strategic
bomber, the F-16 lightweight fighter, etc. For these programs, plan-
ning decisions are based on fairly specific cost, performance, and
production schedule criteria; they are outside the scope of this study.

Everything to the left of the full-scale development grouping is,

by our definition, within the purview of long-range development planning.

4Dr. Malcolm R. Currie, Statement to the Senate Armed Services
Committee, February 5, 1976 (mimeo), presented during hearings on the
FY 1977 Authorization of Military Procurement and RDT&E. Dr. Currie
classified all Defense RDT&E program elements into two groups: 'Group
One: Creation and Demonstration of Options,'" and "Group Two: Full-
Scale System Development."

. . .M‘ - |




6.1

RDT&E PROGRAM

6.2
6.4
KNOWLEDGE ADVANCED FULL- SCALE
GENERATION HARDWARE DT&E SYSTEM DEVELOPMENT

Value of output
(information,
revolutionary
ideas) cannot
be measured in
terms of force
or mission
capabilities

Value of output
(hardware for
test and evalu-
ation) can be
estimated in
terms of specific
operational
capabilities g

Yields items
ready for
production

Fig. 1--R&D categories by planning criteria

But these programs may be divided further according to appropriate
planning criteria. Those activities on the far left of Fig. 1 possess
characteristics similar to research; they are phenomena-oriented. That
is, their objectives involve greater understanding of their respective
physical phenomena. The value of their products cannot be related
directly to operational mission or supporting functional capabilities.
One cannot measure their worth according to criteria of military utility
and must plan projects largely on the basis of demonstrated technical
promise and theoretical soundness. For identification purposes we have
labeled these activities "knowledge generation."

By contrast, the programs in the center of Fig. I can be evaluated

in terms of their expected impact on mission and functional capabilities.




Many of them yield a working piece of hardware suitable for testing in
a simulated operational environment. An example might be a new or im-
proved sensing technology which could enhance the accuracy of an air-
to-ground missile. Planning of these programs can be based on criteria
related to specific military problems with the object of providing
alternative technological solutions but without involving a commitment
to develop fully any particular production item. We have labeled these
programs ''advanced hardware DT&E."

As signified by the relative positions of the bars representing
current program categories (Fig. 1), the Exploratory (6.2) and Advanced
Development (6.3) efforts do not correspond directly with our planning
criteria groupings. Practically all of the current 6.3 programs are
included in "advanced hardware DT&E,'" but so are some of the 6.2 and
a little of the 6.4 categories. Thus, while excluding research, this
study pertains to planning for both development which can be related
to future operational capabilities and that which cannot. In the re-
port, when the planning of 6.2 programs is discussed, the text will
indicate when important whether it is the knowledge-generation or
advanced-hardware type of exploratory development that is being re-

ferred to.

STRUCTURE OF THE REPORT

Air Force technology development is a complex enterprise. Not
only do different planning criteria apply; different program categor-
ies are managed in somewhat different ways. For example, whereas Air
Force Headquarters (Hq USAF) and Headquarters Air Force Systems Command
(AFSC) participate meaningfully in the management of both the 6.2 and
6.3 programs, 6.2 management is uniquely affected by substantial areas
of decision autonomy granted to the Air Force laboratory community. On
the other hand, primarily due to the unusually larger budgets of their
included projects, the 6.3 programs receive more attention from Con-
gress as it auchorizes and appropriates RDT&E funds.5 The role of

5The unique features of the Air Force RDT&E program management
will be described in detail in Chapter III.




Congress and its relationship to the overall budgeting system main-

tained for the Executive branch make military R&D management more
complicated than the corresponding activity generated by private
industry.

To analyze this administratively complex enterprise, our study

employs a model of an idealized long-range development planning pro-

cess. This model, described in Chapter II, links the setting of ex-
ternal capability goals for an uncertain future with the sorting out
of technical and budgetary options for current technology programs,
according to theoretical distinctions between strategic and functional
planning. To be sure, our model probably is not fully adequate for
evaluating planning which must be accomplished within the Department
of Defense's overall management system. At least its adequacy will
certainly vary in sharp degree as between the "knowledge generation"

and "advanced hardware" portions of current development activity.

9]

Still, some fixed points of comparison are needed, and due regard i
accorded in the text to those features of Air Force planning and pro-
gramming practice which cannot properly be related to the idealized
development planning concept.

Other bases for comparison are provided in Chapter Il through
reference to industrial planning practices and to the experiences of
industry and governmental organizations in using quantitative planning
models. Of course, however effective these methods may be in the
civilian market economy, they may not provide valid instruments for
the DoD setting. But industrial corporations have tried a number of
planning approaches and have retained those systems and procedures
which have proved most effective for their purposes. What these are
and why they have been retained are described in Chapter I1. The
chapter also discusses some attempts to use quantitative planning
models, certain of the techniques developed, and some of the problems
encountered.

Current Air Force planning practices which approximate the de-
velopment planning functions outlined earlier in the paper are described
in Chapter Il1I. The discussion includes both the planning actions

engaged in by the Air Staff and those performed in Air Force Systems




10

Command. With respect to the Air Staff, both R&D planning and other
forms having relevance for long-range development planning are con-
sidered. Throughout the discussion important distinctions between
the procedures applying to 6.2 programs and those applying to 6.3 are
explained.

In Chapter IV these current Air Force practices are analyzed in
terms of our idealized long-range development planning model and
civilian industrial planning practices. Shortcomings are pointed out
in relation to these analogues. However, throughout the discussion,
the kinds of uncertainiies and constraints encountered, both in the
strategic and functional planning phases, are identified and their
real-world impacts acknowledged. Suggestions for improving the cur-
rent approach to development planning are offered in the concluding

chapter.




L1

As implied earlier, technology development is motivated by two
equally significant classes of imperatives: (1) nurturing and prov-
ing the technologies essential for providing a specified capability;
(2) creating and exploiting technical opportunities to provide new
kinds and levels of technology from which useful capabilities might
be conceived. These imperatives have on occasion been referred to as

"demand pull' and '

'supply push," respectively. Briefly put, the Air
Force's development planning problem is to devise new or improve old
planning procedures so that they will reflect both these imperatives
and balance their respective influence on technology program decisions.

To a greater or lesser degree all industrial organizations face
similar problems. Their managers must plan for the development of
technologically new or improved products and services as well as for
more apparently immediate concerns, including budget, facilities, pro-
duction schedules, employment practices, and the like. Some of their
experience can be instructive. Moreover, management-science literature
contains a number of observations and principles which are helpful in
understanding the basic functions of planning and in structuring an
effective process. In particular, this literature has led to a number
of efforts to construct quantitative R&D planning models and apply
them to the management of defense or industrial R&D programs.

In this chapter all three types of explorations into better R&D
planning--management theory, quantitative modeling, and industrial
practice-—are examined for features that may assist in analyzing de-

velopment planning in the Air Force.

A SCHEMATTC VIEW OF PLANNING
A survey of the management literature indicates little agreement
; PR ; 1 .
on a single definition of planning, but there is some consensus about

See the essay by Mabel T. Gragg, "'Planning' and 'Control '"
Anthony, op. cit., Appendix A, pp. 129-147.




two types of planning applicable to any organization. These two

types of planning can be identified as "strategic" (sometimes re-
ferred to as "corporate'" or "creative'") and what we have labelled
"functional" planning. There is a contrast between these two plan-
ning activities in terms of their objectives, data sources, timetables,
and administration.

Strategic planning identifies the organization's relationship to
the external world. It involves setting the organization's long-range
goals and formulating policies that '"determine or change [its] char-
acter or direction. . . .”2 Based more on data and knowledge external
to the organization than on information generated internally, stra-
tegic planning is usually accomplished by relatively few staff members,
sometimes organized into a special staff unit, with active participa-
tion from top m.'magcment.3 By its very nature, strategic planning is
likely to be applied to problems that are unstructured and irrvegular;
decisions are likely to be based on uncertain and insufficient data
and must therefore be arrived at through more creative and analytical
mental processes.

By contrast, functional planning deals more with the program ob-
jectives and methods developed internally to move the organization in
the direction set by top management and is therefore closely integrated
with the programming and management control processes of the organiza-
tion. Management control relates to current operations and "is a
process carried on within guidelines established by strategic planning.
Decisions about next vear's budget, for example, are constrained within
prescribed policies and guidolincs."5 Based on data that are for the
nost part internally and regularly generated, planning associated
with management control takes place according to highlyv structured

P

“Anthony, op. cit., p. 24.

3l.inv managers, as a rule, are not major participants in strategic
planning except in those organizations with nearly autonomous divisions.
In these cases, a division manager will engage in strategic planning
for his division, ibid., p. 50.

/.

‘.H»id.. pp. 10-16, 24-25, 43, 46, 50, passim.

s

)Ihixl., PE. 31=32.
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procedures and timetables, uses more accurate and reliable data, and
is more routinely administrative in nature.

Although it is possible to separate these two forms of planning
conceptually, they are often difficult to separate in practice. More-
over, both involve similar planning procedures: setting goals, assess-—
ing the resources available for achieving those goals, and formulating
policies for the utilization of those resources. But, whereas strategic
planning describes expected and preferred outcomes for the organization
as a whole, functional planning is designed to lead to actions and to
more precisely defined results in a particular area of that organization's
operations. Thus, in addition to the above procedures, functional plan-
ning also includes the development of alternative programs whereby func-
tional elements of the organization can achieve appropriate subgoals.

The setting and modification of goals play a vital part in plan-
ning throughout an organization. Ideally, according tc classic theories,
the goals developed at the top of an organization, i.e., through stra-
tegic planning, and those pursued by the functional elements of that
organization will coincide. In a perfectly managed organization, these
goals will be shared by various participants and conflict will be
eliminated through consensus. In reality this is seldom the case.

Studies suggest that organizational consensus usually exists only on
highly ambiguous goals and that there is considerable disagreement and
uncertainty within organizations about subgoals.

Moreover, organizational goals may actually reflect and respond to
changes in the subgoals of the functional elements and of individuals.

In this conception, organizational goals are arrived at through a continu-
ous bargaining and learning process, and organization coalitions are as-
sembled to support agreed goals. These coalitions are formed with the aid
of some kind of side payments to participants--personal emoluments, awards
of authority, or policy commitments. The potential dynamism resulting
from individual subgoal changes is stabilized to manageable proporticns
through such control mechanisms as budgets and functional nllncdtinns.h

"Richard M. Cyert and James G. March, A4 Behavioral Theory of the Firm
Prentice-Hall, Inc., Englewood Cliffs, N. J., 1963, pp. 28-38, passim.
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This process occurs simultaneously with and may be considered a
natural complement to management control. In pursuit of what has been
called "goal congruence,” a management control system will be effective
if it encourages functional elements to plan actions in their perceived
self-interest that are also in the best interests of the whole organi-
zation. To be effective a management control system must provide for
free-flowing communication throughout the organization: (1) communi-
cation of the policies and priorities resulting from strategic planning
to all the functional elements and (2) communication to top management
and strategic planners of the subgoals and motivations which influence

the functional elements.

IDEALIZED DEVELOPMENT PLANNING

The pursuit of goal congruence is central to the problem of tech-
nology development planning. Highly dependent on individual creativity
and initiative, R&D effort by its very nature cannot realistically be
expected to pursue subgoals which mirror exactly organizational goals.
At best, therefore, one can conceptualize a hierarchy of different
stages of R&D activity where each stage is motivated by subgoals and
alternative subgoals appropriate to the nature of the technical work
being performed but is linked rationally with the other stages.

Dif ferent structures for such a hierarchy are reflected in the PPBS
categories for the Defense RDT&E program and in the alternative sets
of R&D planning criteria suggested in Chapter I.

Using the construct described in the preceding section, tech-
nology development planning involves seeking congruence between two
basic types of goals: strategic and functional. The strategic goals
appear in top management decisions about the kinds of product lines

y sy : ; i1 e ' ; : :

Ihis conception is similar to Simon's theory of purposive organi-
zational behavior that is achieved through an imperfect hierarchy of
decisions and goals. 1In his concept the rationality of a decision at
each stage in organizational behavior is judged "insofar as it selects
alternatives which are conducive to the achievement of the previously
selected goals . . . each step downward in the hierarchy consisting of
an implementation of the goals set forth in the steps immediately above.'
Herbert A. Simon, Administrative Behavior, The Free Press, N. Y., 1965,
P s
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or (in military organizations) operational capabilities to pursue.
Functional goals include the specific technologies which need to be de-
veloped in different program stages to fabricate eventually a particu-
lar kind of product or a specified capability. They also include the
incremental technical and phenomena-oriented milestones which must be
reached if a promising technology is to be developed to the point where
its possible applications to a product line can be evaluated.
Technology and other subgoals should reflect the organization's
strategic goals and preferences, assuming that these goals and prefer-
ences are arrived at in full awareness of the state of the art and the
technology programming realities that determine their feasibility.
This means that those who are responsible for the planning of current
technology development at all levels must be fully aware of the organi-
zation's view of the future. Another means of encouraging goal
congruence would be a provision for periodic review of the technology
subgoals by corporate management.

Of course, technology development planning involves more than

simply selecting goals. Consideration must also be given to resource
availability and the policies to be observed in utilizing resources.
In the realm of strategic planning, different degrees and kinds of
resource limitations that might be encouraged in the future need to be
assessed. It would be quite risky to use future product goals as a |
guide to current technology work without considering the durability of

current technical barriers, the availability of essential development

facilities, and the prospects for continued funding support. It is
essential, moreover, that the kinds of uncertainty likely to be en-
countered in progress toward a desired product be anticipated.

In view of such considerations, strategic planning for development
should culminate in determination of a sense of priorities among the
array of future capabilities which an unconstrained organization might
otherwise wish to pursue. These policy decisions would then need to be

communicated to the functional elements throughout the organization.

At the level of functional program planning, current technology

project alternatives need to be considered in terms of resources antici=

pated for the near-term planning period. Reflecting its close relation

D——
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to the organization's management control system, functional planning
will usually have an underlying financial structure.8 It is presented
in direct association with monetary units in budgetary form and is
constrained overall by the size of the estimated budget.

To arrive at recommended allocations of resources among candidate
projects, technology program planning needs to include assessments of
the alternative technical approaches available. The assessments would
be based on such factors as a project's estimated contributions to the
product lines or capabilities preferred for the future, the kinds of
uncertainties likely to be encountered as a project progresses, and
estimates of project costs for the coming and subsequent fiscal years.

The relationships incorporated in this idealized concept of long-
range technology development planning are depicted in Fig. 2. 1In
summary, the product/capability goals, resource assessments, and policy
determinations which are the contributions of strategic planning pro-
vide guidance for the setting of technology subgoals and the assessment
of technical alternatives. Other inputs to this functional planning
process are the menu of available R&D projects and their estimated
costs. The result of functional planning is a set of recommended re-
source allocations, chosen from selected technology project alternatives
and constrained by current estimates of the next vear's budget--in other
words a recommended technology development program.

For such a concept to work in practice the respective products of
the strategic and functional planning processes must be communicated
freely among the responsible staff elements. Policy decisions made by
top management concerning preferences for future product lines and capa-
bilities need to be communicated throughout the organization. The
technology subgoals and the results of functional staff evaluations of
alternative technical approaches must be communicated to the strategic
planners. But the respective products must be developed through pro-
cesses and methods characteristically suited to either strategic or
functional planning. Mutual information needs must not be met through

8
Anthony, op. cit., p. 41.
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artificial imposition of standardized procedures for generating infor-
mation that fails to take into account the type of information.
Figure 2 also depicts the relationship of long-range development |

lanning to technology development program decisions. The program
£) g

allocations recommended as a result of the development planning process
should be based heavily on long-range strategies for achieving future
organizational goals. Particularly in complex organizations like the
Federal Government, such recommendations are considered in conjunction

with other shorter-term factors before rirm program decisions are made.

Decision criteria could include strategies calculated to win current
budgetary approval from reviewing authorities known to have particular
biases. Or they could include consideration of goals appropriate to
the larger, parent organization. For example, a particular Defense
R&D project might win support in order to affect the perceptions of
other governments concerning U.S. intentions, even though its contri-
bution to a specific U.S. capability might be regarded by U.S. mili-
tary experts as less than significant. Similarly, particular projects
could be constrained for reasons other than their technological promise.
To continue the Defense analogy, a particular line of R&D might be
denied because of an international treaty for which our government was
trying to obtain foreign support. Finally, the annual budget must be
considered anew as an overall constraint, particularly with respect

to the competing resource demands of programs other than R&D.
QUANTITATIVE R&D PLANNING MODELS

<.

During recent years, there have been several attempts to develop
and use quantitative R&D planning models. Some of these attempts
were made in connection with Defense R&D programs. By and large, the
models were relatively unsuccessful and were discarded after a trial

period. In a survey of these Defense~related modeling attempts, re-
(
J . ; g : :
ported separately, their shortcomings were examined for possible

e
E. S. Ojdana, Jr., and J. P. Weyant, An Asscesnent f* Select:

IndsT o lloaod # sy ] g oy My 7q y i M o T % Y H
Modele ed for Evalua v tary RK&D Projecte, The Rand Corporation,

R-1847-PR, September 1976.

’
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implications that would aid in the search for improved development

planning procedures.

Similarities and Differences

All of the models studied simulate only a portion of the overall
long-range development planning concept described in the previous
section. They are similar in that each oversimplifies the process to
an assumed relationship between organizational goals (one aspect of
strategic planning) and a menu of possible technology efforts (one
factor in functional planning).

The models are quite different, however, in scope and specific
output objectives. As shown in Table 1, the most important differences
are in (1) the ways in which the menu of possible technological efforts
is generated, and (2) the extent to which the method attempts to model
the entire planning process. Some models start with proposed system
concepts and identify all those R&D activities that will be needed to
advance the technological state of the art to meet the requirements
of the system. In other models, R&D activities were identified so as
to define completely the domain of a technology or scientific disci-
pline by its content.lo While some models are only concerned with
estimating the relative value of possible technology efforts, others
attempt to model the entire process by selecting specific projects and
allocating resources to them.

Table 1 also shows the four models that were analyzed as part of
this study. TORQUE (Technology or Research Quantitative Utility
Evaluation) was devised as a method for aliocating Exploratory Develop-
ment funds to DoD service laboratories and was tested within the Air
Force in the late 1960s. RDE (Research and Development Effectiveness)
was actually used to allocate resources at the Air Force Flight
Dynamics Laboratory (AFFDL) for several years. Both TORQUE and RDE

For example, aerospace flight vehicle technology might be broken
down into structure technologies, aerodynamics, flight control, aero-

mechanics, and vehicle integration and operation. Fach of these sub-
categories would then be defined by more specific content.
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Table 1

SELECTED R&D PLANNING MODELS

-
Model Applies

R&D Activities Quantitative Other Models Using,
Model Identified by Method to Similar Structures
TORQUE Conceptual system Entire planning Naval Ordnance Labo-
analysis process ratory method
PATTERN Conceptual system Part of planning Cornell Aeronautical
analysis process Laboratory method,
developed for Army
Army missile plan
Air Force Director-
ate of Laborato-
ries method
RDE Content of tech- Entire planning Hercules Corporation
nological areas process me thod
and scientific
disciplines
QUEST Content of tech- Part of planning Army research plan
nological areas process
and scientific
disciplines

*
V. J. Bernati, W. S. Payne, and C. L. Trozzo, Quantitative Methods

for the Allocation of DoD Exploratory Development Resources,
for Defense Analyses, Paper P-652, May 1972.
Description and Critique of Quantitative Methods for the Allocation of

Institute

See also C. L. Trozzo,

.
(&1¢

Exploratory Development Resources, Institute for Defense Analyses, Paper

P-731, May 1972.
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allocated funds among development projects to maximize the military
worth expected from a given R&D budget level.

PATTERN (?lanning Assistance Through Evaluation of Relevance
Numbers) was déye]oped by the Military and Space Sciences Department
of Honeywell, Iﬁc., to aid in determining what current technological
deficiencies were of importance to the national objectives for defense
and science (and therefore likely to be funded). QUEST (Quantitative
Utility Estimates for Science and Technology) was proposed as a
method to determine the relative value for military mission use of
various scientific disciplines and technology areas. Both PATTERN and
QUEST essentially provide rank-ordered lists of projects as an output.
Al though PATTERN has been applied to operational Air Force problems,
neither has actually been implemented by the services.

These models all use the benefit contribution approach in assess-
ing the relative value of an R&D project, i.e., a project derives value
according to its contribution to achieving some explicit R&D objective
or system requirement. For example, in TORQUE and PATTERN, system con-
cepts are postulated which will meet a set of operational capability
objectives. The concepts are assigned numerical values reflecting
their relative importance for achieving these goals. An R&D project
is assigned a portion of the value of a particular concept, the amount
assigned being dependent on the contribution the R&D project makes to
meeting the system requirements. The total value of the R&D project
is estimated by adding up all the values it receives by virtue of its

contributions to achieving the requirements of each conceptual system.

Summary of Problems

It is useful to summarize briefly the major limitations of these
models. The limitations can be categorized into two broad groups:
structural problems and operational problems.

Structural Problems. Military R&D planning models should, at the
minimum, be structured to assure that future decisionmakers will have
available to them a wide range of options for dealing with the situa-
tions they may confront. This may involve deploving a completely

new system (e.g., B-1), or upgrading forces in being by product
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modifications (e.g., new engines). Three of these models (TORQUE,

RDE, and PATTERN) have not been structured to encompass such options.

In particular, the generation and preservation of options is re-
stricted by the use of system concepts in the model structures. This
occurs through (1) limiting the flow of innovative approaches for
solving operational problems and (2) treating the system concepts as
extensions of the current force structure rather than a set of options
for developing future force structures.

The system concépts frequently state the desired operational
capabilities in terms of the currently used technical approach. In
[ORQUE, for example, one of the conceptual systems was a tactical air-
craft with specified approximate performance characteristics (gross
weight. speed, endurance, and armament payload in terms of guns, bombs,
rocket pods and bomblet units) and with a number of associated systems
necessary to carrying out the close-air—support-mission tasks (i.e.,
detecting targets, coping with defenses, etc.) also specified. Assum-
ing that all these functions will be incorporated in a single manned
ailrcraft ignores the possibility of accomplishing these tasks by
alterpative means. For example, other innovative ways have become
available since the TORQUE test (1968) that could have accomplished

some of the close-~air-support-mission tasks without the use of manned

aircraft (e.g., remotely piloted vehicles) or manned aircraft that
contain the entire system to perform the tasks (e.g., laser target
illumination from the ground).

Options are precluded when the system concepts are treated as

extensions of the current force structure. In the models, a future

force structure is developed to meet those future operational needs,
ranked in importance according to some scenario (PATTERN) or expected
world situation during some time period (RDE and TORQUE). In TORQUE
and RDE, the system concepts are time phased into the current force
structure to be available at the time the new systems will be needed.
The system concepts make implicit assumptions about the future world
and cast them into very specific system parameters; supporting R&D
projects will be evaluated and selected according to their contribu=-

tion to these systems. But these projects may be inappropriate for




the situation which actually occurs and future decisionmakers may be

left with no options with which to develop alternative force structures.
Treating the system concepts as extensions of the current force struc-
ture thus assumes that the future world can be projected with a high
degree of certainty.ll

Operational Problems. The operational problems of the models are

rooted in (1) the assumptions about worth-independence contained in

their assessment schemes and (2) the highly subjective nature of re-

quired model inputs.

All of the models require that goals or objectives be assigned
a relative importance value. The objectives typically used in the
military R&D planning models (e.g., interdiction, providing close air
support, etc.) are not worth—independent because they exhibit syner-
gistic effects when combined. Worth-independence implies, for example,
that the value of having both the capabilities to interdict enemy
forces and to provide close air support to friendly forces is equal
to the sum of (1) the value of having only the interdiction capability
(without close air support) and (2) the value of close air support
(without being able to interdict enemy forces). If there is anv
synergism (having both jointly is better than the sum of the two taken
separately) or if having both jointly is worse than the sum ot the
two, the goals or objectives cannot be treated as worth-independent.
Wor th-independence also means that decisionmakers are indifferent to
alternatives (e.g., system concepts or R&D projects) with the same
overall worth scores. That is, the decisionmaker does not care it
worth was maximized by satisfying only one goal to the exclusion of
all other goals. The worth-issessment schemes of the models will not

yield valid and reliable estimates of the relative values of R&D

I(h1c way to test the appropriateness of the force structures
generated for the models for other possible world situations (assum-
ing that missions or operational tasks can be defined which are reia-
tively invariant over time) is to determine the sensitivity of the
worth of the systems to variations in the relative importance of the
operational capability objectives for which they were designed.
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projects if the worth-independence assumption is violated, as it
appears to be in the models examined.

Other operational problems arise from the fact that the inputs
required to exercise the models are generated by technical experts
and are highly subjective in nature. The way the model methodologies
treat expert opinion is, therefore, a major determinant of the validity
and reliability of the model outputs. Problems concerning the model
inputs arise from the procedures used to: (1) select expert partici-
pants, (2) make forecasts of model inputs, (3) measure, collect, and
aggregate judgments, and (4) define the scenario(s) for which the model
inputs are generated.

In selecting participants to provide the model inputs, the model
methodologies have relied on people who normally generate such infor-
mation within the organization. Experts on policy and doctrine pre-
pare and rank operational requirements, system planners develop system
concepts, and engineers evaluate needed technology and the contribution
of R&D activities to satisfying the system requirements. But worth-
assessment schemes (such as the models) are geared to help individual
decisionmakers and are employed most easily when an individual can
handle the entire process. In complex organizations where the assess-—
ment scheme requires many and varied inputs, technical experts perform
all the assessment activities, including suggesting preferences for
operational objectives to senior executives. Unless the objectives
are endorsed by responsible executives--and this has not always been
the case--the outputs of the models are not likely to be seriously
considered by lower-level R&D managers. Additionally, the model
methodologies do not recognize that technical experts can differ;
procedures to select experts to supply the model inputs or to judge
the quality of the inputs are not provided.

Little guidance is provided in the model methodologies on how
estimates or forecasts or model inputs should be made; the models
rely on the participants’ discretion--a further indication of the need
for assessing the quality of expertise. Thus, even though great care

may have been taken in preparing the inputs, the impression given is

RPN



that model inputs are obtained in a trivial manner and rely primarily
on intuitive judgment. The models themselves are a form of normative
forecasting but this forecast is only as good as the model inputs.

No guidance is provided on how judgments are to be measured,
collected, and, in some cases, aggregated. Differences in judgments
among participants regarding the model inputs (e.g., importance of a
goal, contributions of an R&D project) reflect the uncertainty sur-
rounding the inputs. This uncertainty is not reflected when such
judgments are averaged or voted upon. Also, judgments are affected
by individual perceptions of the object which is being judged and of
the situation for which it is being judged, yet little care seems to
have been taken to assure that perceptual differences among partici-
pants are minimized.

Assumptions regarding the future world situation have been
treated in two ways by the models: (1) participants providing rank-
ings of the goals use their own expertise regarding the most probable
state-of-the-world situation; or (2) a specific scenario is provided.
Neither of these procedures captures the uncertainty of such forecasts.
As pointed out earlier, system concepts and supporting R&D designed
for specific future situations may not provide future decisionmakers

with alternatives to cope with the actual.future situations.

Conclusions

In light of these methodological problems it is not surprising
that large computer-based R&D planning models have been relatively
unsuccessful. Nor is the future of such models particularly promising.
The models cannot capture all the relevant and subtle influences that
affect the R&D planning process. The models have consequently been
advocated as decision information systems to aid managers in R&D
planning. However, the methodological problems are of such conse-

quence that the model outputs are not valid even for this purposec.

While there are obvious differences between the Air Force and in-

dustrial firms, the R&D planning practices of large, organizationally




complex firms that are deeply involved in advanced technologies offer
some interesting insights. Table 2 lists the corporations that were
examined as part of our survey of industrial planning practices and
provides a basis for comparing the Air Force and these firms in terms
of sales, R&D expenditures, and product-line diversity. Some of the
larger firms are of the same order of magnitude as the Air Force; for
example, in calendar 1974, GE and IBM sales each amounted to around

$13 billion, while the total Air Force budget for fiscal 1975 was about
$25 billion. The sales of AT&T, whose R&D work is done by Bell Labora-
tories, were even larger than the comparable Air Force budget. On the
other hand, the Air Force, as shown in Table 2, maintains a much larger
R&D budget and greater R&D effort relative to its total program than

do any of the corporations listed.

Among the firms surveyed, a wide spectrum of R&D planning prac-
tices was observed. One firm (AT&T) had neither a planning staff nor
a formal planning process in the belief that the research managers
are the individuals best qualified to decide what projects should be
funded. The ether firms had a structured process that relied on sub-
jective judgments to decide which projects should be pursued. Two
firms (GE and Rockwell I[nternational) used quantitative scoring methods,
but only to aid managers in the seiection process. In all of the firms
surveyed, the final R&D program decisions are the responsibility of
senior corporate managers.

The similarities that were observed among the firms may serve to
highlight some of the practices followed by the Air Force (to be
described in the next chapter). These similarities are of two types:
organizational and procedural. :

The major organizational similarities observed were:

0 The senior R&D executive is always a qualified scientist.
0 The review and decision chain is short.
(8] R&D is separated from other corporate planning, program-

ming, and budgeting activities.
0 Separate staffs carry out corporate strategic plannipg and

R&D program planning.
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Table 2

CORPORATE AND AIR FORCE R&D

e e e
I Size of {VConmany— Govt- 71 (Ratio of
()peration“ fundgd i'umifd 'l { R&D to
or Sales’ R&D' R&D® | Total |Sales or
Company 1 (CY 14 (cy 74) (FY 74) | R&D Size of
and - ——| Operation
Type c¢f Product \ in millions of dollars (%)
General Electric ! ’
Diversified 13,412 351.8 ‘ 365.9 | 7477 | 5.4
AT&T ; | |
Diversified | 26,708 584.3 [ 0 { 584.3 2.2
1BM i ;
Computers, electronics,{ ‘
office equipment 12,675 889.9 ‘ 24.6 914.5 F
Xerox ‘ i
Copiers, computers, ;
data facsimile 7,578 178.8 | 1.4 180.2 9.0
Rockwell {
Diversified ' | 4,413 40.5 | 211.6 - 252.1 5.7
TRW | ‘
Aerospace, tools, 5 ‘ }
automotive parts 2,486 29.6 ‘ 44.0 136 3.0
Northrop ' '
Aerospace, electronics 853 20.4 i 8:9 29. 3 3ne
= e e e e ;;:':r?:'f":_;;“:"':::‘ —
Air Force (FY 75) T 25,042° ’ | 3,299 13.2
WS4, IS _ s | SRS S RSN OGRE wee | SR

“Inrludcs (1) expenses associated with the search for and discovery of
new knowledge that may be useful in developing new products, services,
processes, or techniques, or that might improve existing products or pro-
cesses, (2) all development costs of .\si;‘v‘niriv‘;mt new products and processes
and (3) costs of design, construction, and testing of prototvpes as well as
operating costs of pilot production facilities, in accordance with Account-
ing Standard #2 for R&D. These expenditures were reported to the Securities
and Exchange Cemmission on Form 10K. Sonurce: Based on data in 3

0

WE

ky June 28, 1976, pp. 64~84, passim.

b
Contracts awarded during CY 1974, Source: €
L rectory, 1975.
. “
C.. Fig ® ;
Source: .The P e wiget, February 1976.
¢ y
Program 6: Research and Development. Source: .

February 1976.
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The senior R&D executive serves as a bridge between the executive
leadership of the corporation, which has responsibility for the firm's
overall program, and the functional R&D elements of the corporation.
In all companies, he is a member of the corporate executive committee
that decides not only on R&D budget allocations but on allocations to
all other parts of the firm. As a qualified scientist he is in a
! position, along with the company's Chief Scientist, to advise other
| members of the executive committee on technical matters as well as to
direct the various technology development activities of the company.
In one of the firms we observed (Xerox), the R&D executives are given
a wide latitude in deciding what R&D projects are to be pursued, as
corporate management feels that these officials are best qualified and
uniquely positioned to judge the potential value of a particular R&D
project.

The lines of communication and authority between the technology
development activity and the top management are extremely short. The
laboratory directors typically report to a Vice-President of Research
and Development who, in turn, reports to the chief operating executive
or to an executive committee, of which he is a member. Program and

budget reviews are also conducted directly with the top management of

the firm. At Xerox, for example, the Vice-President of R&D and each
individual laboratory manager jointly present their plans and budgets
to an executive committee.

Finally, the R&D budgeting and planning procedures, as well as the
research organization itself, are separate from other corporate budget-
ing and planning activities. This is an implicit recognition that the
management and functional planning methods appropriate for operating
divisions are not appropriate for R&D.

The following similarities were observed in the actual planuning

procedures and practices of the firms:

o Long=term product-line goals are frequently assessed in
an orderly manner.
8 Planning staffs are small and serve directly their

respective top managers.
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0 R&D planning is structured, but quantitative methods
are not widely used.
0 The planning process is viewed as a useful communication

device.

! All the R&D planning processes that we observed reflected the

hierarchy of corporate goals of its respective company. And all of

— o ==

the firms surveyed had a clear understanding of the direction in which
they were headed. This was the result of rather frequent assessments
of long-term (strategic) goals by corporate management, assisted by a
i corporate planning staff. The senior R&D executive thus participates

in establishing corporate goals as well as seeing to their pursuit in

the R&D program. The assessments are normally performed in a highly

systematic manner as part of the company's strategic planning process.
One of the interesting aspects of industry's R&D program planning
practices is the role of the special R&D planning group. In all the
companies except Bell Laboratories, this staff was an entity separate
from the corporate planning staff. Its work was directed and struc-
tured by the senior R&D executive, and it served him directlyv. The
R&D planning staffs influence R&D planning but are not responsible
for selecting R&D projects; doing this is the province of senior
operating executives. Rather, the role of the planning staff is that
of articulating the functional planning process with the company's
strategic planning. Members of the planning staff exert considerable
influence on R&D goal setting, since they often get the first cut at
rank ordering the potential R&D projects from lists provided by in-
dividual laboratories. A consolidated list of recommendations is then
prepared and sent on to the senior R&D executive, who presents it to
the corporate committee for consideration. In this way, the planning
staff can flag a project that should be brought to the attention of
the senior operating executives when it might otherwise not have been
examined. Thus, they assure that potentially important projects are
not overlooked and also that projects are not overranked becausc a
laboratory director wants to assure that a particular project is

funded.
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As noted previously, the actual planning process is very struc-
tured. Although not highly quantitative, scoring algorithms and
certain other quantitative techniques are used to aid in the process.
The process starts by identifying the organization's product-line
goals, matches the goals with R&D projects, which are then ranked in
order of importance to the firm, and ends in the selection of R&D
projects based on the subjective judgment of senior executives.

Firms see the communication value of the planning process as
one of its most important benefits. The goals of the organization
are clearly communicated to R&D managers. The process is highly
visible and the criteria used in selecting the projects are normally

understood by laboratory managers and senior executives alike.

An Example

To illustrate the characteristics of industrial R&D planning, an
example of the R&D planning process used at General Electric corporate
R&D laboratories is presented (see Fig. 3).

The GE process starts with the identification of long-term goals.
At the level of corporate management, objectives are derived from a
series of scenarios prepared by the corporate planning staff in which
alternative technology futures based on the interplay between such
factors as technological! advances, competitive factors, and broad
corporate policy are outlined. These scenarios are updated roughly
twice a year, and appropriate adjustments and refinements are made to
the corporate objectives. Additionally, the chief executive of each
of the several product divisions annually submits a list of his needs,
based on his division's perceptions of how its market performance can
best be enhanced. At the same time GE also considers new technological
ideas, opportunities, and risks as well as the current corporate re-
search and development (CRD) proprams to which resources are committed.

This process yields a list of candidate CRD programs that appear
generally responsive to corporate policy and needs. As a first step
in the evaluation of these programs, the R&D planning group divides
the candidate list roughly into two parts: (1) projects with sub-

stantial uncertainties that prevent definition of a development
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program (i.e., research or "knowledge-generation" projects), and

(2) projects where the basic technology is sufficiently well developed
so that a specific product technology program can be defined. This
second category closely corresponds to what we have called "advanced
hardware DT&E" in the Air Force program. The research projects are
highly speculative and undertaken primarily on faith. The great bulk
of R&D funds go to the technology program, and GE's procedures for
selecting projects from this category are particularly relevant to
this study.

GE uses a scoring algorithm to judge the value of each potential
technology program. Each project is ranked using a short list of cri-
teria and a numerical scale for each criterion so that overall numeri-
cal ranking can be determined for each project. These criteria consider
both the probability of carrying out the project (e.g., are there
significant technological barriers to overcome?) and the impact that
the project will have on GE (e.g., is the potential market sufficiently
large? what share of that market can be obtained by GE?).

Although not a précise method, the ranking does permit the proj-
ects to be grouped into at least three categories: those that clearly
rank high in potential value, those that are clearly low in value, and
those that are in between. Those that rank high will almost certainly
be pursued and those that rank low will probably never be funded.

It is the in-between projects that are brought to the particular

attention of top management. The R&D planning group first matches

the rank-ordered list to the budget, i.e., they estimate fund allocations

for each project down through the list until the budget is exhausted.
Management can then devote its attention to those projects that fall
within plus or minus 10 to 20 percent of this budget cutoff line,
deciding which will be funded and at what levels.

The procedure is kept quite flexible to insure that projects rank-
ing either high or low are not automatically funded or deleted. The
R&D planning staff examines each project and can place a project in
the category to be examined by top management regardless of the
original rank order assigned by the laboratory. Individual laboratory

managers also have this prerogative.

N —

prr——
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Planning Implications

The GE example clearly illustrates many of the R&D planning
practices of industrial firms. Although GE uses a quantitative d
method for arriving at an initial ranking of projects, the method is
not a substitute for executive judgment. It does help the corporate
managers to focus on those areas where their particular judgment and
expertise is needed.

One other example of the use of a scoring algorithm was found at

Rockwell International. This firm defines a number of dimensions for

rating each program. They very specifically define the criteria used
to assign a value to a project on each dimension. The result provides
management with a concise display of the overall outlook for the
project. As with GE, this scoring algorithm is used as an aid to
management .

Our survey of industrial practices revealed some implications
for any future development planning methods that might be adopted by
the Air Force. The fact that the use of large, sophisticated, quan-
titative R&D resource allocation models is not practical at this time
does not mean that quantitative techniques, such as scoring algorithms,
should not be used to aid the planning process. Such methods have
proved useful in industrial firms. But to be useful, these techniques
must start with a clear statement of organizational objectives. These
objectives must be explicit and assessed frequently. Using analytical
techniques as an aid, the entire planning process can be organized

and systematic.
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LII. CURRENT PLANNING WITHIN THE AIR FORCE RDT&E STRUCTURE
|
Planning activities which affect Air Force Research, Development, |
fest, and Evaluation, RDT&E, are distributed among various levels of {

the R&D community and among areas of the Air Staff other than the R&D
community. The responsibility of Hq USAF in the field of RDT&E is
to "provide policy guidance, describe objectives, establish priorities,
and control and balance the distribution of resources. . . ." The Air
Force Systems Command Headquarters and the field organizations under
it are tasked to "plan, formulate, and execute research and explora-
tory developments consistent with Hq USAF policy guidance and resource
allocation." They are also to "formulate and submit" an annual R&D
program and to conduct studies and analyses which continuously define
and redefine R&D objectives, provide necessary data for Air Staff

%
decisionmaking, and improve long-range resource planning.

In this chapter, the specific RDT&E planning actions of these
organizations will be described, together with several planning and
programming activities related to these actions. For analvtical
purposes and for ease of exposition we shall examine the relevant
activities of the Air Staff and AFSC in terms of our development plan-
ning construct. And we shall, insofar as possible, discuss and relate
these activities in the context of the program of a single fiscal vyear,
as if they could be isolated from other staff actions and observed
seriatim.

In actuality, the planning process affecting Air Force 6.2 and
6.3 technology development programs is characterized by continuous
staff interactions of both a structured and unstructured variety. The

I A ¢ _

RDT&E is Program 6 of the ten programs comprising the Department
of Defense Planning, Programming, and Budgeting System (PPBS), into
which all Service and Defense agency activities are aggregated for
management purposes. Different categories of RDT&E, e.g., Research,

Exploratory Development, Advanced Development, etc., are designated
Bale 652, 6:35 €t

)
“Air Force Regulation (AFR) 80-1, 24 June 1970, p. 3.
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planning operations are iterative and involve almost daily coordina-
tion of staff evaluations and resource estimates between Headquarters
AFSC and the Air Staff. Most program reviews by staff committees
deal with more than one fiscal year's program at a time and recur
frequently throughout any calendar year. The process is highly
dynamic and is influenced in major ways by the personal interactions
of individual members of different participating agencies.

One problem affecting these interactions—--particularly the more
formal staff interactions--is that different portions of the Air
Force R&D community and of the Air Staff have had different perceptions
of development planning. For example, the planners and programmers
who are responsible for preparing the future-force projections for the
annual Defense PPBS documents have considered their staff organizations
as the true planners of the future Air Force; their traditional view
is that the R&D community should be limited to developing those svstens
which they have determined were needed. While acknowledging the need
for force-planning guidance, the R&D community, on the other hand, has
regarded planning for the development of future systems as a proper
function for itself.

Yet, even within the Air Force R&D community, perceptions differ
as to what should constitute long-range development planning. Air
Staff members of this community have traditionally regarded such plan-
ning as properly their responsibility, with AFSC limited to an imple-
menting role. Moreover, some within the R&D community, in both the
Air Staff and AFSC, regard development planning as strictly the assess-
ment of what kinds of weapon systems should and can be developed, based
on considerations of perceived future capability needs and projected
states of available technology. Others feel that development planning
should give maximum encouragement to technology evolving in the
laboratories and should emphasize how that technologv can best be
exploited by the Air Force in the future.

In this chapter and for much of the remainder of the report we
shall avoid the term "development planning," so as not to appear to

be taking sides in these controversies. Rather, we shall speak only
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of the kinds of planning considerations which we believe essential in

terms of the construct described in Chapter II.

AIR STAFF PLANNING

A significant feature of Air Staff RDT&E planning is that it cor-
responds to the second of the two types of planning described above in

Chapter II. It is more a management control function than strategic

planning. This situation exists largely because of its close links
with the annual PPBS cycle. Air Staff planning actions for RDT&E con-
tribute directly to elements of this cycle.3

The PPBS cycle for any single fiscal year's Defense RDT&E program
consists of a series of staff actions extending over an 18-month to
2-year period (Fig. 4). These actions culminate in three iterations
of the DoD budget for Program 6 and require planning inputs from the
Air Force and each of the other services. The first of the inputs is
the annual Program Objectives Memorandum (POM) exercise to formulate
the Air Force program, line-item by line-item. Each line-item or pro-

gram element is projected forward for a five-year period, in effect

adjusting the Five-Year Defense Plan (FYDP) for Air Force RDT&E.

The POM serves as a base-line plan until decisions are made for the
second iteration, the Budget. In its turn the Budget, submitted to
DoD each October, is the planning base until Apportionment decisions,

the third iteration, are made. The Air Staff, assisted by Headquarters

AFSC, carries out all three of these actions (on different fiscal vear
programs) each year. Particularly in the spring, Air Force partici- |
pants in the planning often work concurrently on RDT&E programs for

three different fiscal years--shifting funds for the current spending

year as required by Congressional appropriation decisions, making

adjustments in next year's proposed budget based on departmental allo-

cation decisions made at White House level, and preparing inputs for

the POM pertaining to the program to begin two vears hence.

}Scc Appendix A for a detailed description of the Air Force RDT&E
Planning, Programming, and Budget cycle.
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Apportionment
e

<«—FYDP & POM
Feb Guidance

Fig. 4--Elements of Defense PPBS planning cycle,
e.g., Fiscal Year 1976

For all three Air Force inputs to formulation of a single fiscal
year's RDT&E program, Air Staff actions describe a similar pattern.
All RDT&E program elements in the current base-line planning document
(FYDP for the POM exercise, POM for the Budget exercise, etc.) are
reviewed individually by a hierarchy of staff groups under authority
of the Deputy Chief of Staff for Research and Development (AF/RD),
the organization of which is shown in Fig. 5.

Initial review of the composition and resource allocation for
RDT&E program elements is conducted by a working group of statf officers
from several AF/RD directorates (pre-PRG), headed bv a colonel, which

recommends funding levels for each program element to the Program
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Review Group (PRG). This group is composed of the general officers
heading each of the AF/RD directorates. Parallel reviews are conducted
by counterpart groups in Headquarters AFSC, and informal attempts are
made to resolve differences between the two organizations before their
respective positions are forwarded to the next review level. Finally,
a joint AF/RD-AFSC general-officer review may be conducted at the
discretion of AF/RD to afrive at a single recommended program to be
submitted to the Chief of Staff and Secretary for approval.

These Air Staff actions represent distinct functions in terms of
launching other planning and implementing actions in the field. In
the case of 6.2 programs, for example, the Air Staff makes decisions,
based on recommendations by AFSC during Budget formulation, on the
rough allocation of funds among the different areas of technology
represented by the 11 program elements. After Budget time, the Air
Staff in effect hands over the programming authority or the allocation
of funds within the program elements to AFSC Headquarters and th
laboratories. For the 6.3 category, the Air Staff makes decisions on
program elements, in some cases down to project and task-level detail,
through the period of the Apportionment action. After Apportionment,
the Air Staff issues Program Management Directives (PMDs) that direct
AFSC, its product divisions, and laboratories to carry out the develop-
ment according to specified tasks and funding. These organizations
must adjust their planned allocations and work units within the guide-

lines prescribed by the Air Staff.

PPBS Cycle Interaction

The PPBS cycle for a given fiscal yvear constrains RDT&E program
planning in the following ways:

First, there is no clear-cut beginning of the cycle for the
R&D community. The Office of the Secretary of Defense (0SD) hands
down with the FYDP a bogey dollar figure for the budget, guidance by
program category, and, in effect, vomqilmvnts to a slate of ongoing
RDT&E program elements. As each cycle begins, the R&D programmers

face, for the most part, not a fresh new menu of technology efforts




but a continuation of programs and projects already under way. And,
in truth, few worthwhile technology development projects can be com-

pleted within a single year.

This conditional beginning of the cycle tends to constrain the
planners in allocating a major part of their funds. Although actual

funding commitments to industry cannot extend beyond one budget vear,

contracts to industry for 6.2 and 6.3 programs are awarded on the
basis-—among other thing--of multiyear projections of their develop-
ment schedule. Thus, the current projects in progress, schedules and
milestones previously approved, and commitments to an emerging tech-
nology all tend to weigh heavily in determining how available resources
will be utilized.

Second, the constraint of a limited budget dominates all Air Staff
planning decisions. At each level of review and decision the focus is
on funding--whether the budget can be cut or slipped, whether justifi-
cation for the expenditure is hard or soft. For example, one task
assigned to the pre-PRG each year is to develop a cut list of "soft"
programs or projects for possible excision by the AF/RD's Program
Review Group.

Third, the PPBS cycle imposes a program-element-by-program-element
format and a hierarchy of reviewing authorities; this encourages an
incremental approach to RDT&E program formulation. Reviewers, operat-
ing under deadlines for the next staff level of review, examine each
item as a separate entity, comparing it with the current base line and
the FYDP. The review schedule is crowded, under tight deadlines, and
limits the opportunities of the formal reviewing group to see how the
programs compare with alternate programs in their relative contribu-
tions to future objectives. [If this has been done in prior informal
staff efforts, the reviewing groups may get to consider only the

resulting recommendations.

/

“Bcpginnillg with preparation of the POM, FY 1978-1982, accomplishec
during the early months of 1976, Air Staff RDT&E program planners were
briefed on program alternatives for different Air Force mission areas
by representatives of the DCS/Development Plans, Headquarters AFSC.
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Participants in Air Staff

Planning actions affecting the 6.2 and 6.3 program in the office
of the Air Staff are accomplished by staffs of the AF/RD with guidance
from the Assistant Secretary for Research and Development (SAFRD). In
addition, there are occasional inputs to the planning process from
other directorates in the Air Staff; these will be discussed below.
Unlike other Air Force programs over which the Air Force Board Structure
exercises strong influence, the RDT&E program in the POM has been
formulated since 1971 solely in AF/RD.5 R&D community control over the
program is continued without substantial Board influence through the
Budget and Apportionment iterations.

Air Staff RDT&E program recommendations result from continuous
interactions among many elements of the Air Force R&D community.
Program element monitors (PEMs) for the 6.3 programs in the Directorate
of Development and Acquisition and the Directorate of Operational Re-
quirement36 are in frequent contact by telephone with counterparts at
AFSC, and they make periodic staff visits to field organizations re-
sponsible for carrying out the development work. At each stage of
the program-planning cycle, parallel program reviews are conducted by
working groups in both the Air Staff and Headquarters AFSC. The
groups communicate freely to assure that their respective judgments
are based on common information. Their respective general-officer
review groups--AF/RD directors in the Air Staff and DCS-level officers
in AFSC--also sometimes work together in joint session to iron out

differences on a program before recommending it to the Chief of Staff.
5_ "

For RDT&E, the role of the Air Staff Board's Program Review Com-
mittee (PRC) in POM formulation has been limited, in effect, to review-
ing the AF/RD submission and recommending aggregate changes in the
funding estimates. Any decisions on changes at the program element
level are made by the AF/RD.

61110 PEM is expected to (1) assist with developing justification
for program changes in his element(s), (2) prepare revised program
element definitions, (3) maintain necessary data on major aspects of
his element(s) and prepare progress reports to 0SD, (4) review program
and cost data in FYDP and advise appropriate Office of Primary Respon-
sibility (OPR) and budget office of any changes believed necessary.
(Paraphrased from Hq USAF Office Instruction (HOI) 27-1.)




Throughout the year, program formulation is influenced also by

occasional interaction between Air Staff PEMs and staff members from

h the office of the Director of Defense Research and Engineering (DDR&E).
; The formal channel for communication between the Air Staff and DDR&E

is through SAFRD. The intensity of this interaction increases markedly
at the time of Budget formulation. Typically, however, there is in-

5 formal contact between the AF/RD and DDR&E staffs during the POM and
Budget markups regarding the funding of certain programs and projects.
Air Force programming of all interservice development projects for which
it is responsible must be cleared formally through DDR&E. DDR&E holds

i triservice budget reviews by selected technology area in October and
November after the service budgets are submitted to OSD. A limited num- !

ber of reviews are also held during the Apportionment cycle wherein DDR&E

and Air Force representatives review selected Air Force RDT&E programs

by technology area, or, if necessary, by program element and project.

Inputs into Planning Actions

RDT&E planning actions are based on a variety of inputs and influ-
ences from a number of Air Force sources.
Aside from its role in determining fund allocations among various

6.2 and 6.3 program elements, the Air Staff R&D community also formu-

lates and issues '"requirements' documents intended to serve as guides

to planning and program formulation. This is accomplished through the

"ROC process." Usually originating as a user's statement of need or de-

i ficiency in the operational command, the Required Operational Capability
(ROC) comes to AF/RD after review by AFSC and AFLC (Air Force lLogistics
i Command). It is circulated to all Air Force major commands and under-

goes a formalized validation process in Hq USAF before it is considered
a prospective requirement for a new system or capability.
Validation is carried out by a corporate Air Staff body, the Re-

] 7 ’ e "
quirements Review Group, to determine whether the ROC is consistent

7 .

Members of the Requirements Review Group are: the Director of
Operational Requirements (AF/RDQ) (Chairman), the Director of Develop-
ment and 1\A'1\1iHilinn (:\F/Rl”'). the Director of Reconnaissance and
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with the Air Force objectives and mission and to recommend approval
or disapproval of further action. After validation, the Air Staff
action officer informs counterparts in other services of the ROC in
order to get joint harmonization of military requirements. A vali-
dated ROC is widely circulated throughout the Air Staff and AFSC and
serves to disseminate guidance for the proposed new system or equip-
ment to technology and force planners at all levels. However, prior
to its implementation in a development program, it must successfully
compete for funds.

A further influence on RDT&E planning in the Air Staff is the

practice of program advocacy. Every "program officer," action officer,

or PEM in AF/RD is charged with being an advocate for his particular
technology effort. Once a technology effort has been reflected in

an approved annual RDT&E program, the PEM appointed to shepherd that
effort through Air Staff administrative actions is expected to in-
fluence favorably any program decisions that will assure the effort's
being continued until its objectives are achieved. Particularly in
the case of a 6.3 program element, the PEM's advocacy can be a
significant factor in determining the kind of support it receives in
the periodic RDT&E program reviews. The advocacy function of the
program officer in the Directorate of Operational Requirements extends

also to candidates for a future program--for example, a technology

for which there is a validated ROC or a system proposed by a contractor--

in an effort to gain funding for it in some future RDT&E budget.
Because of the competition for funds, the advocate, as the term
implies, must strive to influence reviewers and program planners
within the Air Staff, AFSC, and DD<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>