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Foreword

ew things can better serve managers undertaking leadership roles in

large, complex, technology-based organizations than knowing how
other such organizations have coped with the problems that must be
solved to achieve success. Yet few studies of the administrative records
provide detailed case studies of how very large research and develop-
ment programs have been managed, or what has worked and why. The
same is true of large, nontechnical endeavors. We have Sapolsky’s study
of Polaris development, Hewlett and Anderson on the origins of the
Atomic Energy Commission, Peck and Scherer on the weapons acquisi-
tion process, Sayles and Chandler on managing large systems, and with
this book, Arnold Levine’s Managing NASA in the Apollo Era.

Dr. Levine’s approach and his large investment of time to study the
detailed record of documents and interviews, together with his institu-
tional viewpoint, rather than one that is program-oriented, make this an
important book. He takes the entire agency, rather than any single
component or program, as the subject of his study, emphasizing those
features that NASA shared with other federal agencies in the 1960s and
with previous large developmental efforts. In addition, Levine seeks
differences from other such efforts in the cause-effect coupling in
NASA'’s approach to management. Specific administrative actions are
placed within the context of the larger whole. While documenting and
describing NASA’s formal organizational structure, Levine concentrates
on those key policy decisions that ultimately shaped the agency: reliance
on the American industrial establishment, not as vendors, but as research
and development partners; sharing decision-making with the centers to
the fullest extent possible; avoidance of bureaucratic delays and inertia at
headquarters; injection of the profit motive into a traditional cost-plus
environment; consciously and continuously striving to retain NASA’s
freedom of action to move forward with strength in those areas necessary
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for success in its missions, even when the concurrence of other officials
and agencies was delayed; finally, extensive use of the Department of
Defense for contract management and launch and of military personnel
in key management positions in NASA itself. This book, by implication,
shows that NASA found many traditional management axioms do not
apply within the large, complex R&D organization—axioms like “well
defined areas of authority and responsibility,” ‘“unity of command,”
‘“one man, one boss,” or ‘“centralized operations.” These principles
often work well in static organizations, but more is needed if dynamic,
large-scale endeavors are to succeed. He describes the role of the federal
R&D manager as above all a political one in the sense that he must find
ways for inter-personal and inter-organizational relationships to be a
positive, rather than a negative, element in achieving the desired results.
If NASA program managers, scientists, engineers, and top officials had
not thought of their work in political (personal political and organized
units-political) terms, if they had not arranged their activities to gain
support from other NASA divisions, Congress, the Bureau of the Budget,
the scientific community, etc.—Apollo would not have met its goals.

An important value of this book, I think, is in Dr. Levine’s meticu-
lous examination of the record for evidence to demonstrate why the
NASA structure was adequate to deal with some of the most complex
problems any organization has had to face. And increasingly, large
organizations confronted with novel technical problems—be they public
agencies, multinational corporations, or joint public-private ventures like
the civilian space program—will find the NASA approach of a loosely
coupled, decentralized organization an effective means of managing such
large-scale endeavors. In this regard, Dr. Levine finds, and I believe, that
three lessons can be derived from the NASA experience. The first is that
political relationships are not (nor can they be) something added on to
the work of line managers or program officials as less important than
other duties; these relationships are an integral part of their work,
inasmuch as personal relationships and a sensitivity to the total environ-
ment are essential parts of leadership responsibilities if the system is to
work at all.

The second lesson to be derived is that a decentralized organization
can be made compatible with precise objectives and timely performance.
During the 1960s, Deputy Administrator Hugh Dryden, Associate Ad-
ministrator Robert Seamans, and I went to considerable lengths both to
delegate authority to center directors and project managers whom we
had tested by experience or knew from past associations, and to make
explicit our reasons for doing so. Levine gives a long list of functions—
planning, procurement, launch management, inspection—that could
have been, but were not, concentrated at the headquarters level. Our
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FOREWORD

philosophy was to give the field installations and their industrial partners
the widest discretion compatible with agency missions. The missions
NASA was assigned almost dictated considerable autonomy and freedom
to innovate at several levels in the organization, while carefully keeping
within the framework provided by the Space Act.

The third lesson follows from the second. NASA could not have
accomplished its missions without the ability to adapt to continuous
change. By adapting I include not only the numerous reorganizations of
the 1960s, but also constant attention to the mechanisms introduced to
provide senior management with reliable feedback. This is what lay
behind the creation of an executive secretariat, the exchange of officials
between headquarters and the centers, the development of sophisticated
reporting systems, and the constant strengthening of the role of the
headquarters program manager as a link between the agency’s general
manager and the centers. Equally important, Dr. Dryden, Dr. Seamans,
and I recognized that reliable feedback requires a flow of information in
two directions. Our objective was to ensure that NASA employees, from
executives to a point far down the line, understood rather precisely what
was to be their role in accomplishing specific missions and that NASA
senior officials also understood those factors which most affected the
performance of those same executives down the line.

This book, in focusing tightly on issues of organization and gover-
nance, to some extent, scants the richness and variety within NASA. I
would have liked something about the sustaining university program and
the continuing effort to foster interdisciplinary teams at the universities,
our international policies, and our attempt to utilize effectively the
technologies developed by NASA and its contractors. But these omis-
sions are minor in a work that has much to say to public administrators,
managers of large-scale research and development programs, and stu-
dents of the relation of science and public policy.

At a time when thoughtful observers, including the editors of the
Harvard Business Review, are asking, “Do the assumptions on which its
market economy rests still have meaning for American Society?” and
emphasizing such subjects as “The Morality of the Market Place” and
““Capitalism and Freedom,” I believe students of administration should
seek the effect on NASA’s success of such policies as the openness of
NASA programs, and the fact that we could say to the press and the
scientists and engineers of the eighty nations cooperating, “Come and
bring your camera.” Dr. Dryden, Dr. Seamans, and I, in making the
substantive and administrative decisions, constantly and deliberately
sought to spread our most difficult problems over the largest possible
number of able minds and to develop means to evaluate, from the
broadest national and international viewpoints, the concepts and propos-
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als that resulted. We could not know what some of this large number
could invent, but we strongly felt many innovative ideas would emerge
from a widespread invitation to work on the problems related to an
understanding of the solar system and the universe beyond. We con-
stantly sought to develop and employ ways through which all the
individuals, organizations, institutions, and government units could build
strength for their own purposes while adding to NASA strengths. OQur
policy was not to draw strength from our partners in such a way as to
weaken them, but rather to participate with them in a framework that
helped both of us reach our own main objectives.

As to long-range planning, on which Dr. Levine sets down the
documentation and finds our efforts inadequate, contrary to many
assertions that we had a “blank check,” NASA was constantly faced with
strong public and private opposition to manned spaceflight. NASA was
constantly warned by those political, educational, press, and congres-
sional sources who were most supportive that any evidence of commit-
ment to a large, long-term, expensive program beyond Apollo would
lose us the margin of strength needed to finish Apollo. In fact, several
near successful efforts were made by influential leaders to cut back on
Apollo to the point that we could not assure success. I, myself, and most
NASA senior executives were convinced that if Apollo resulted in one or
more failures, and was curtailed or eliminated, the monuments to such
failure would be visible for a long time in many places—as symbols of
U.S. inability to see the project through and master the problems of
operating in space. In fact, Apollo and other manned spaceflight projects
gave our citizens and those of many other countries tremendous pride
and encouragement. Levine summed this up when he wrote: “Webb”
(really the senior executive group) ‘“became more determined than ever
to salvage Apollo, even if it meant postponing decisions about its
sequel.” In fact, just as we needed Gemini to guide our work on Apollo,
until we had digested the Apollo experience, it was difficult to make fully
creditable plans for larger manned missions.

In all the welter of problems and daily immersion of NASA senior
executives in both the substantive-and administrative issues and actions
which Dr. Levine describes, Dr. Dryden, Dr. Seamans, and I never lost
sight of the underlying concept that, in our haste, we must not take
shortcuts that were not consistent with the basic values on which our
democratic society was based.

James E. Webb
June 1982 NASA Administrator, 1961-1968
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Introduction

he aim of this book is to describe and analyze the organization of the National

Aeronautics and Space Administration during the 1960s and, in so doing, to
test certain assumptions about the nature of administrative history. To date,
administrative history has been as much the victim of its friends and practitioners
as of those who wonder if it exists as a distinct genre. The assumption behind
much of the administrative theory that finds its way into such works—that officials
and bureaucrats live in a world where rational behavior is conceivable and
attainable—has been in question at least since the publication of Herbert Simon’s
Administrative Behavior in 1946." In the real world, Simon argues, a fragmentary
knowledge of consequences and the inability to choose among all possible alterna-
tives set severe constraints on the administrator’s ability to act rationally. Ration-
ality as a goal—the efficient matching of means to ends—can be described, but for
the reasons given, “it is impossible for the behavior of a single isolated individual
to reach any high degree of rationality.”” To these objections may be added two
more. One is the tendency of certain key decisions to have cumulative effects
throughout the organization, whether such decisions are documented or not. The
logic of a particular course of action may bring certain consequences, even (or
especially) when these are not consciously intended. The other objection to the
view that there is measurable correspondence between intentions and results is
that superiors may not know or want to know what their subordinates are doing.
Whether the sheer volume of feedback is self-defeating, or subordinates cannot or
will not do what their superiors want, the problem remains: Descriptions of
formal organization structures may, at best, tell only what the organization was
intended to do.”

Still, it would be a mistake to substitute for a “formalist” approach to
organizations something equally one sided. Statements of intent do matter since
they define the boundaries within which the organization must operate. The 1958
act establishing the National Aeronautics and Space Administration (NASA)
contains nothing about the manned lunar landing program, yet almost all the
powers and authorities needed for the success of Apollo are found there. Thus

xvii



MANAGING NASA IN THE APOLLO ERA

enabling legislation, formal delegations of authority, and descriptions of powers
and functions are important because they determine that the agency shall be this
rather than that. Indeed, one can draw no firm line between the procedural and
substantive aspects of an agency’s work. Rather, one must set the agency in its
environment; the historian ought to describe the agency’s institutional sur-
roundings, its clients and allies, its budgetary strategies, and the extent to which
its functions were competitive with those of other agencies. The defect of treating
an agency in purely formal terms is precisely that this approach ignores the
surroundings.

The problem of writing about NASA becomes manageable because, given the
vast accumulation of documents, by far the greater part consists of paper generated
to meet the stringent reporting requirements of the manned spaceflight and space
science programs. What is left is documentation that serves to shape agency policy
before it hardens into definite programs, to enunciate that policy once it has been
ratified, and to record problem areas that come to the attention of general manage-
ment. Despite advances in communications technology, the primary materials are
still written. For policy to be effective it must eventually be issued in written
instructions: Policy must be written to reduce the scope of ambiguity, and it must
be in the form of instructions to indicate that it is authoritative rather than
advisory. However, one must know the written sources and their limitations. For
example, the tension between NASA Headquarters and the field centers may run
throughout the documentation, but it runs between the lines. It is seldom enunci-
ated. The administrative historian must read between the lines to discern it.

Administrative history, as the account of the interaction between an organi-
zation and its environment, is possible and can provide valuable information. An
account of NASA is singularly fitted to test this conclusion. Established by Con-
gress in the aftermath of Sputniks 1 and 2, NASA quickly grew by accretion, the
incorporation of older installations, and the creation of new capabilities into an
agency employing 36 000 persons and owning facilities worth $3.65 billion by
1965-1966." From 1958 to 1968 NASA launched several dozen unmanned space-
craft that revolutionized communications and meteorological technology on the
one hand and electronics on the other, created or fostered new scientific disciplines
like bioastronautics and space medicine, and stirred up the field of astronomy. But
in the public mind NASA was most closely associated with the manned spaceflight
programs—Project Mercury (1958-1963), which tested the ability of one man to
function up to several hours in Earth orbit; Gemini (1962-1966), in which two-
man crews in one spacecraft were assigned a variety of tasks, including rendezvous
and docking in Earth orbit with a target vehicle and moving around outside the
spacecraft itself; and Apollo (1960-1972), in which three-man crews were sent on
progressively more ambitious missions, culminating in the lunar landing of July
1969. Merely to sketch the civilian program is to indicate the magnitude of
NASA’s assignments and the scope of its successes. One must take seriously the
contention of James E. Webb, NASA Administrator from 1961 to 1968, that the
success of NASA was a success in organizing “large-scale endeavors,” that is, that
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INTRODUCTION

the same system of management that made the lunar landing possible may also
have been its most important byproduct.’

To understand what NASA did, one must begin by considering it as an
institution coordinated to achieve certain goals that were neither fixed nor always
precisely determined. Coordination had to be achieved on different levels: within
the agency among the substantive program offices, the several field installations,
and the central functional offices; between NASA and the Executive Office of the
President, which determined the funding levels of each item in the NASA budget
before congressional review; between NASA and congressional committees that
authorized its programs, allocated its funds, and provided continuous oversight;
between NASA and the scientific community, which was client, critic, and not-so-
loyal opposition; finally, between NASA and other Federal agencies, which might
be partners (as in the joint NASA-Atomic Energy Commission Space Nuclear
Propulsion Office), rivals (as in the case of the Defense Department’s manned
programs), or symbiotic (as in the supporting aeronautical research undertaken
for the Federal Aviation Agency). Thus the picture of an organization pressing
single-mindedly toward its main goal must be replaced by one that recognizes the
complexity of the internal and external communities that affected NASA policy.
Neither the manned lunar landing nor any other NASA program is quite as
straightforward as it may first appear: first, because different officials tended to
have different perceptions of the program; second, because the program itself can
be seen in different contexts, depending on whether one takes the short-, inter-
mediate, or long-range view; third, because it was not clear whether the lunar
landing program (and some others) was an end in itself, designed to give the
United States a “total capability” in space, or a diplomatic counter against the So-
viet Union.

This book, then, is a study of the development, results, and causes of NASA
decisions. It is an attempt to relate administration to the total agency mission,
rather than to treat administration as though it were a discrete, closed system.
Such a study, to be adequate, should include the following elements.

It should describe the formal authority structure for delegating
powers and functions, fund allocation, planning, and relations with and between
NASA centers. For the reasons given above, the formal mechanisms are important
in themselves as well as for illuminating the way in which informal lines of
authority developed. An account of formal structures will not tell if the agency
succeeded or failed; it may, however, tell why it succeeded or failed.

It should give some account of the informal structure that devel-
oped within the formal one. What were these informal relations, and how did they
originate? To what extent did they supplement agency policy, supersede it, or
create a new set of procedures in advance of their standardization by senior
management?

In this context one should distinguish informal, unwritten operating pro-
cedures from the informal relations within program and functional offices and
between the centers. In some cases headquarters management did not—or perhaps
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could not—take official notice of tensions generated by NASA programs until they
had become too serious to ignore. Such tensions included, for example, the ques-
tion of whether the Goddard Space Flight Center in Greenbelt, Maryland, or the
Kennedy Space Center at Cape Canaveral, Florida, would have control of the
Manned Space Flight network; the conflict between the Marshall Space Flight
Center in Huntsville, Alabama, and the Manned Spacecraft Center in Houston,
Texas, over the “roles and missions” of Marshall after the production of Saturn
rockets ceased; and, within headquarters, the debate over the resources allocated
for manned spaceflight and space science. Whether such tensions were inherent in
a decentralized civilian space program or not, and whether they resulted in man-
agement directives or not, they are among the most important, yet most elusive,
topics to be discussed.

An agency history, as distinct from a management history, should concentrate
on the senior officials who set NASA’s goals, allocated funds, instituted reporting
requirements, and set up mechanisms for continuous feedback of information. In
short, top management sets the rules of the game; within those rules the centers
had to manage approved projects. Thus an administrative history of NASA that
attempts, as does this one, to write from the headquarters point of view should
analyze the interplay between centralized control and decentralized project man-
agement, and it should bring to the forefront those Government-wide policies that
determined how NASA got its work done.

Finally, history consists of events situated within a temporal framework. One
can “freeze” the action at any point on a continuum, but that point is the result
of what has preceded, and from it will flow second- and third-order consequences,
not all of which can be foreseen. To cite one example: While the method of
managing research and development known as phased project planning was for-
mally instituted in October 1965, something like it had been used in projects from
the time of NASA’s establishment. The process by which phased project planning
was implemented represented a sharper definition, a more emphatic statement of
something inherent in the logic of large-scale program management. In like
manner, the procedures by which the headquarters program offices set priorities
and chose among alternatives were adopted for agencywide long-range planning.

In sum, the question this book seeks to answer is, what can the study of
NASA as an organization teach us? This book concentrates on NASA as a going

concern, as an organization that, instituted for specific purposes at a specific time, -

strove to maintain itself, to operate within the terms of its establishment, and to
compete with other agencies for the limited resources made available by the White
House and Congress. The criteria for the inclusion of a particular subject are the
extent to which a problem or issue was agencywide; whether an issue reached the
higher levels of management for resolution; whether a program interacted with
other programs, internal or external; and the extent to which problems of the kind
mentioned above—say, the relations of headquarters to centers or the balance
of work done intramurally and that contracted out—recurred. Put somewhat
crudely, the principal themes of this book are (1) how a high-technology agency
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was run in a decade marked by rapid expansion of funds and manpower in the
first half and almost as rapid contraction in the second and (2) how NASA com-
bined centralized planning and control with decentralized project execution.’

With a subject such as this, a major problem is how to reconcile the narrative
with the topical approach. The first chapter is a summary of the key adminis-
trative decisions in the early history of NASA; chapter 2 is a narrative account of
NASA from its origins to 1969. The intent is to adumbrate the main themes of
the book, to sketch the history of the period, and, by a gradual buildup of detail,
to prepare the reader for the analytical treatment of the following chapters.
Starting with chapter 3, the mode shifts from the narrative to the topical. Separate
chapters dealing with contracting, manpower, the budgetary process, headquar-
ters organization, and relations with the Department of Defense carry the reader
from the early to the late 1960s. Chapter 9 covers the long-range planning of
1964-1969, when this most mission-oriented of agencies sought a program around
which all elements of the organization could unite.
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Chapter 1

Key Administrative Decisions of
NASA'’s First Decade

In terms of its proclaimed objectives, the civilian space program in the 1960s was
an extraordinary success. The manned lunar landing was achieved on schedule,
the record of successful launches improved steadily between 1961 and 1970, and
NASA worked steadily and well to develop launch vehicles capable of being
produced serially and of accepting a variety of payloads. As far as this book is
concerned, the problem is to explain how decisions about NASA’s organization
accounted for this success—if, indeed, such success occurred because of the or-
ganization, not in spite of it. No doubt it is possible to state the reasons for NASA’s
success in general, straightforward terms. The argument might run along these
lines: Congress gave NASA a blank check because the lunar landing had to be
managed on a crash basis. Furthermore, by committing itself to extremely precise,
measurable, all-or-nothing goals, NASA had powerful incentives not to fail.

All this may be true as far as it goes, but it does not go far enough. Terms
such as “crash program” or “decentralization” derive their meaning from a
specific context. For example, the 1963 organizational changes discussed in chap-
ter 3 “decentralized” NASA so that lines of authority reverted to what they had
been prior to 1961. But one cannot step in the same stream twice; the 1963 decen-
tralization occurred in the context of the vast new lunar landing mission ordained
for NASA by President Kennedy in May 1961. These conditions did not recur.
Similarly, one should be cautious in applying the term “crash program” to Apollo.
If the term is used to denote a program in which “the cost is not the major
consideration . . . several parallel approaches are taken for the solution of each
major problem, and . . . overtime and multiple shifts are utilized to a very large
degree,” then Apollo was not a crash program, since the first two criteria, at least,
did not apply." Whenever these terms appear in this book, the reader should be
aware of their contextual implications.
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The salient features of the space program must be sought elsewhere. Among
them was the often fruitful tension between applied research and basic research.
In the development of a space capability, space applications, supporting tech-
nology, and aeronautics, NASA’s program was essentially applied research. The
manned lunar landing was comparable to the development of a polio vaccine,
rather than to a cure for cancer. The latter entails fundamental knowledge about
the nature of the cell, whereas the former involves only a more sophisticated use
of existing research techniques. On the other hand, space science was accorded a
prominent position in NASA’s program and organization. Three NASA centers
were devoted—two of them almost completely and one of them substantially—to
space science.

Other features of the agency’s operations may help to explain the success of
the space program. There was the ability of the agency to draw on the scientific
community for advisors, principal investigators, and consultants; the absence of
distinction between the budgetary process and short- and long-range planning; the
refusal of NASA officials to enforce a separation between those who built flight
hardware and the scientists who designed and developed the experiments to be
flown; the ability of the agency to draw on the capabilities of the Department of
Defense for launch support, contract administration, program managers, and
astronauts; and, finally, the authority vested in the Administrator to waive some
civil service requirements in recruiting executives from the outside. But the deci-
sions that made these features possible are not, in a sense, the most important
administrative decisions. To use Nelson’s distinction, these are decisions within an
organizational structure rather than decisions about that organizational structure,
which Nelson sees as the major decisions.” Decisions about an organization occur
when “a given organizational regime is limited in the range of contingencies it can
handle effectively. . . . when circumstances evolve outside of this range, the symp-
tom is a growing restiveness (on the part of one group or another) with the routine
flow of events and decisions; and . . . successful resolution requires some kind of
significant reorganization.” It is this kind of administrative decision about the
NASA organization that is discussed here.

Anyone who studies the morphology of large organizations is apt to be struck
by the power of a few key administrative decisions to set the organization’s course.
By “administrative” is meant the choices between alternatives that shape the
agency from within, not those imposed from without. The peculiarities of such
decisions are that they represent choices among alternatives, some of which might
have been equally successful; they tend to be cumulative in effect; one such de-
cision requires many others, both to carry it out and to make explicit what was
only implied in the original directive; they are at once shaped by and shapers of
the agency’s terms of reference; and they are not themselves discrete, self-
contained decisions as much as they are bundles of administrative acts that grad-
ually rise to the level of agency policy.’

Consider, for example, the NASA policy, avowed from the beginning, to con-
tract out research and development rather than do such work entirely in-house.
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The decision itself was made before the mechanism needed to make it work—a
rational source selection procedure—had been perfected. One might go as far as
to say that NASA began with an operating philosophy whose implications took
some seven years to work out. In this regard, the decision to contract out stands
somewhat apart from other decisions considered here. The others were formally
enunciated in a specific directive as internal agency policy, and each contributed
greatly to NASA'’s ability to interpret its mission. In this respect, administrative
decisions differ fundamentally from those that establish the mission. The decision
to prescribe phased project planning as NASA policy is different in kind from the
decision to establish a civilian space agency or President Kennedy’s decision to
“send a man to the moon and bring him back before the end of the decade.” The
latter decisions are “organic”; the former, attempts to translate them into day-to-
day operating procedure. As with most translations, something is inevitably lost
in the process. First, management and line officials will carry out broad goals as
they understand them. Second, the same communications gap as that be-
tween the agency and the executive branch is repeated within the agency itself be-
tween the offices that constitute it and the senior officials who act as links between
the organization and an environment that may be indifferent or even hostile. No
formulation or directive can cover all contingencies; no decision will be seen in
precisely the same way by those affected by it; no policy is so impregnable that
alternatives are inconceivable.

The decisions that follow were broad formulations; they had to be sold to the
center directors, headquarters line officials, and the functional staff. In this re-
spect, technical, political, and management considerations could not be separated
for long. The decision to develop the F-1 and J-2 engines for the Saturn rocket
stages could not be made in advance of the mechanism for procuring such hard-
ware. Similarly, neither Apollo nor Gemini would have been feasible as agency
programs in the absence of a firm policy that established relations between the
centers and headquarters.

The decision to rely on private industry, rather than in-house staff, for
development of NASA programs has probably been the key internal decision in
the history of NASA, yet its genesis is by no means clear. The policy of contracting
out was arrived at in gradual stages, each of which made the policy more precise,
hence more effective. The Space Act authorized NASA “to enter into and perform
such contracts . . . , and on such terms as it may deem appropriate . . . with any
person, firm, association, corporation, or educational institution.”* Except for a
proviso concerning small-business set-asides, the act (by its silence) gave NASA
the freedom to work out its contracting procedures, the forms of which were
borrowed from the armed services procurement regulations, adapted to the needs
of a young, rapidly expanding agency. The key steps were as follows:

1. Promulgation of source evaluation procedures in August 1959.
2. Publication in 1960 of the first procedures manual; new edition issued in
August 1964.
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3. Publication of guidelines for incentive contracting in September 1962; first
major incentive contract (with Boeing for the Lunar Orbiter) negotiated in
1963.

4. Promulgation of phased project planning guidelines in October 1965.

These steps made NASA procurement philosophy more precise and flexible,
while placing heavy responsibilities on the centers and the line organization to
initiate feasibility studies, prepare project guidelines, assist in the evaluation of
contractor proposals, and supervise and evaluate work accomplished under con-
tract. Despite its undeniable success, the policy of contracting out—begun by
T. Keith Glennan, the first NASA Administrator, and greatly expanded by James
E. Webb—raised serious problems that were at once technical and political.

First, there was the question of how large an in-house staff was needed to
monitor prime contractors. If the staff was too small, lacked experience in manag-
ing large development contracts, or was inclined to favor contractors who had
worked for the agency before, NASA would be at the mercy of its contractors.
Should the staff be too large, there would be pressure from the centers to do the
work in-house. There was always some tension between forcing the centers to
learn to deal with contractors and setting aside a certain percentage of funds for
small internal projects, without which NASA could not retain its most talented
scientists and engineers. As Wernher von Braun, Director of the Marshall Space
Flight Center (MSFC), once remarked to a House subcommittee:

A good engineer gets stale very fast if he doesn’t keep his hands dirty. . . . it is for this reason
that we are spending about 10 percent of our money in-house; it enables us to really talk
competently about what we are doing. This is the only way known to us to retain professional
respect on the part of our contractors.’

Second, NASA officials had to decide what functions might properly be
delegated. The negotiated contract might be for hardware, services, or study re-
ports; the line between what was and was not proper was often exceedingly fine.
For example, was it proper for a company to do a feasibility study, recommend
that a project be authorized, and then receive a contract to produce hardware for
the project? Should a company that offered technical advice to NASA be able to
benefit from that advice? What kinds of decisions could not be delegated to private
bodies of any kind?

A third problem had to do with contracting for specific services when civil
service staff was available to do the job. This was the same problem in another
form: What criteria should the Government use in procuring something, be it a
launch vehicle, management of a center cafeteria, or test and checkout services?
No set of criteria (the Bureau of the Budget issued several sets of guidelines) could
meet every contingency.’ The presumption in favor of a commercial source, save
when no such source was available or when using it might somehow disrupt the
agency’s work, smacked too much of a short-term solution. Excessive dependence
on private industry would eventually endanger NASA’s ability to determine the
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kinds of programs it wanted, to estimate reasonable prices, and to evaluate pro-
gram results. But too much work done in-house would have revived those prob-
lems it was the ostensible purpose of the contractual instrument to resolve: a lack
of flexibility, the accumulation of a large permanent staff for whom jobs had to
be found, and a concomitant vested interest in particular programs. No decision
in NASA’s history has been fraught with greater consequences than this one. No
aspect of NASA organization was left untouched by it.

Another significant decision concerns the reorganization in November 1961,
by which responsibility for hardware and responsibility for programs were con-
centrated in the same program offices. The essence of NASA program planning
was organization by goal rather than by hardware. Prior to 1961 a separate Office
of Launch Vehicle Programs was responsible for engine and launch vehicle
development. If NASA was to be a single agency, rather than a congeries of semi-
independent fiefdoms, hardware and programs had to be combined in the head-
quarters program office and the centers then reporting to them. The catalyst for
the change was the decision to give highest priority to the manned lunar landing.
What had been discussed for over a year within NASA now became a matter of
urgency. The basic changes—omitting the details for now-—were (1) that the
centers were to report directly to the Associate Administrator, (2) that four new
program offices were established in place of the four that had been abolished, and
(3) that a new Office of Tracking and Data Acquisition was set up to provide
agencywide support.

The reorganization gave the Manned Space Flight (MSF) program the orga-
nizational prominence needed to carry out its goal and, in so doing, paved the way
for the centers to manage the large development contracts on which the success of
the program depended. From these two things—the special freedom of the Office
of Manned Space Flight (OMSF) and the doubling and tripling of appropriations
and manpower—resulted the most important changes of the next two years: the
introduction of incentive contracts and the conversion of older contracts from
cost-plus-fixed-fee; the establishment of an Office of Industry Affairs with agency-
wide responsibility for procurement; and the decision to build a research center
dedicated to electronics, the crucial discipline in the refinement of space hardware.
The 1961 reorganization, in sum, emphasized the “commonality” of agency ob-
jectives. “The manned lunar landing was a NASA objective, not just the objective
of the Office of Manned Space Flight. All NASA field installations were to con-
tribute to its accomplishment, not just the centers labelled as manned space flight
centers. Agencywide functions . . . were to be performed for the benefit of the
entire NASA program, not just one segment of it.”’

A third decision is that of the November 1963 reorganization, after which the
field centers once more reported to the program offices, not to the Associate Ad-
ministrator. This decision signaled the maturity of the NASA organization. The
centers now had the capacity to conceive projects, develop specifications for con-
tractors, supervise contractors, and conduct sufficient in-house work to maintain
the excellence of their staffs. The priority of the MSF program was clearly rec-
ognized and with it the necessity of shifting the locus of decision making down-
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ward from the Associate Administrator to the heads of program offices, center
directors, and project managers. Many factors had to converge before such a
system could work or be worked. First, there had to be standardized procedures
for authorizing projects, tracking resources through the agency, and translating
data received into information about ongoing programs. Second, management
needed techniques to measure performance, costs, and schedules. Third, NASA
needed special scientific and engineering personnel for its research and develop-
ment programs. It is perhaps truer to call the 1963 reorganization an end rather
than a beginning, because without the capabilities listed no such dispersion of
authority would have succeeded. In other words, the functions of senior manage-
ment, i.e., Administrator James E. Webb, Deputy Administrator Hugh L. Dryden,
and Associate Administrator Robert C. Seamans, Jr., would be less day-to-day su-
pervision and more long-range planning, handling interagency matters, and attend-
ing to the delicate international implications of the U.S. space program. The 1963
reorganization did not change NASA’s organizational philosophys; it ratified it.

The fourth major decision was to go to “all-up” flight testing of Saturn
vehicles (1963-1966). The all-up philosophy had a rather long history before
rising to the level of agency policy. All-up testing means that a vehicle “is as
complete as practicable for each flight, so that a maximum amount of test infor-
mation is obtained with a minimum number of flights.”® In other words, all three
stages of the Saturn V were to be flown with the Apollo command and service
modules instead of being tested and flown separately. Unlike the decisions listed
so far, it may seem more technical than administrative; again, unlike the others,
it was made by George E. Mueller, Associate Administrator (OMSF), and the
OMSF Management Council, rather than in the Administrator’s office.” If the
MSF program, by the size of its appropriations and the extent of its resources, was
the pacing element of NASA planning, if Apollo was the pacing item for that
program, and if the lunar landing had to be completed before the end of the
decade, then any decision that would decrease the number of test flights would be
crucial. In one respect the all-up decision was like the previous decisions discussed:
It evolved from earlier decisions and, in turn, presupposed subsequent decisions
to implement it. The all-up decision presupposed the July 1962 decision to use
lunar orbit rendezvous as the mission mode for Apollo, and it required an ever
stricter control of quality and monitoring of contractors, the budgeting of weight
within the launch vehicle and spacecraft (itself requiring major advances in
electronics and miniaturization), much closer attention to improving some por-
tions of the Apollo program without delaying other portions, and the building in
of redundancy wherever possible. All-up testing falls into the category of ad-
ministrative decisions because it was developed by agency managers and center
directors who felt that small incremental development steps would be too time
consuming and expensive, and because it did as much as any single decision to
establish the allocation of resources and manpower within NASA.

Another significant decision was to strengthen the Office of the Adminis-
trator(December 1965-March 1967). Here, too, the decision to create an Office
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of the Administrator was inextricably involved with prior top management deci-
sions. The year 1965 had been one of intense activity, and the capacity of Webb
and Seamans to absorb information, to see the agency as a whole, and to make
sense of the welter of reports and issuances generated at the lower levels was
stretched very thin. Following Dryden’s death on 2 December, Seamans, while re-
maining general manager, became Deputy Administrator. Webb then moved to
tighten his control over the functional management offices. In a 29 December
memorandum for agencywide distribution, he announced the establishment of an
Office of the Administrator as “a single, uncompartmented entity to afford maxi-
mum, direct, personal and informal contact between Dr. Seamans and myself and
our associates.” '’ In addition to detailing the functions of the secretariat, Webb’s
memorandum was the most complete expression of his philosophy of the adminis-
trative division of labor up to that time. Seamans remained in charge of day-to-day
operations; Webb, of protecting NASA from an ever more threatening external
environment. The functional staff serving the new office would monitor and assist
the program offices.

The second phase of Webb’s strategy, begun in early 1967, changed drastic-
ally after the Apollo 204 fire of 27 January. The Office of the Administrator had
made the division of functions more clear-cut and precise; by itself, this could go
only so far to reduce bureaucratic inertia: the delays in reaching decisions, the
shifting of decisions upward, the chaotic state of the management issuance system,
the real possibility of an Apollo “stretch-out,” and so on. Webb appointed Harold
B. Finger, manager of the NASA-Atomic Energy Commission Nuclear Propul-
sion Office (and leader of a task force to study NASA organization) as Associate
Administrator for Organization and Management. His functions would include
supervising the functional offices, such as Industry Affairs and Administration,
and acting as the central point of control within the agency for all project authori-
zations. Instead of the relatively loose control exercised since 1963, Webb, through
Seamans and Finger, worked to bring about much tighter control from above. To
many, the Apollo fire was understood to be the failure of North American Avia-
tion, the prime contractor for the Apollo command and service modules, to do what
it was supposed to have done. To Webb, it meant more: He had been misinformed
by his staff to the point where such an accident had become first possible, then
likely, then seemingly inevitable. Finger’s mission would be to make sure that the
program offices, particularly OMSF, got what they needed and that Webb and
Seamans would know it. In effect, the Office of Organization and Management
became for NASA what the Bureau of the Budget was for the executive branch.

The decision to establish the project approval document as the single basic
device for authorizing and directing NASA programs (1962-1968) marked
Webb’s final move in controlling agency resources. Phased project planning could
break a project into four distinct but related steps, allowing management the
option of continuing or terminating at three precise points. What was still needed
was a document that could match program costs against agency resources, present
and future. The budget, after all, was not just an expression of agency desires; it
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had to show, line item by line item, the relation between programs, reporting
systems, and changes in midcourse. To this end, the system projected by Webb
would include an operating budget and the project approval document (PAD),
which would contain “the official statement of objectives, technical and man-
agement requirements . . . allocated resources . .. and other controlled mile-
stones. . . . An absolute one-for-one . . . relationship would exist at all times
between controlled line items . . . in the NASA Operating Budget and the related
PAD’s, whereby a change in either will require a concomitant change in the
other.”'" Although PADs had been the principal mechanism for authorizing the
use of appropriated funds since the early 1960s, they were now to be the single
device for authorization, with only one or two signatures required for approval.

To a degree, any list of key decisions must partake of the arbitrary. A decision
to do one thing is also a decision not to do something else. Indeed, some of the most
important NASA decisions for the period under consideration were those not to
do something: not to ask for the $400 million supplemental appropriation re-
quested by OMSF in 1963, a request that might well have unbalanced the NASA
program; not to set up a general advisory committee, as a high-level scientific
panel recommended in 1966; not to change the prime contractors for the Apollo
spacecraft in the aftermath of the January 1967 fire.

Several more technical decisions could be listed. But at the risk of tautology,
the ones listed here are the key decisions because they mattered greatly to the
future of the space program. They were not imposed from without, nor were they
the result of attempts to placate this or that group through a shift in organizational
window dressing. The nature of the decisions does not presuppose one specific or-
ganizational theory; the policy analyst may find in any or all of them elements of
““disjointed incrementalism,” group consensus, participative management, or the
theory of organization as problem-solving coalition. The value of the list is that
it invites the reader to consider themes, certain of which are latent in the facts
presented and others that are reserved for fuller treatment in subsequent chapters.
The themes are, first, the sequence in which the decisions were made, for example,
the way in which program authorization procedures were developed before, just
after, and subsequent to the lunar landing decision; second, the way that political,
technical, managerial, and administrative considerations came to form a body of
decisions; third, the distinction (if any) between gross structural changes in the
organization and the many smaller changes whose net effect may be as great; and
finally, the contrast between the success of NASA programs and the frequent
inefficiency of the agency’s administrative housekeeping. The discussion now
turns to an account of NASA’s founding and the problems and achievements of
its first eleven years.



Chapter 2
The Making of NASA Policy, 1958-1969

he organization and management of NASA cannot be understood apart from

the circumstances that brought the agency into being. To grasp the relations
between headquarters and the centers, one must know what brought the centers
into being, how each center’s mission related to those of the other centers, and how
the missions tended to change over time. Similarly, the agency itself was not
created out of whole cloth; it had an ancestry, several research installations, and
a nucleus of skilled technicians before there was an entity called the National
Aeronautics and Space Administration. The purpose of this chapter is to present
a brief survey of the history of NASA and its predecessor agency up to 1969, to
do this with a minimum of scholarly apparatus, and, incidentally, to introduce the
officials, programs, and installations that recur throughout the book. Readers who
are already familiar with the history of NASA may wish to proceed to chapter 3.

THE ORIGINS OF NASA

The two sources of the U.S. space program were the military services and the
National Advisory Committee for Aeronautics (NACA).' Chartered by Congress
in 1915, NACA was authorized to “supervisé and direct the scientific study of the
problems of flight with a view to their practical solution . . . to determine the
problems which should be experimentally attacked, and to discuss their solution
and their application to practical questions.”? Unlike its successor, NACA was
strictly a research, test, and advisory organization. NACA let no major devel-
opment contracts, owned few airplanes, and manufactured no flight hardware. Its
mission, as enunciated by two generations of Committee members, chairmen, and
executive directors, was to conduct applied research into the nature of flight to the
point where the research could be applied to the production of aircraft.

NACA’s research history began with the establishment in 1920 of the Lang-
ley Memorial Aeronautical Laboratory near Hampton, Virginia. In 1939 Con-
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gress authorized another installation at Moffett Field, California, followed a year
later by a flight propulsion laboratory next to the Cleveland Municipal Airport.
In time the former was named after Joseph Ames, Main Committee Chairman
from 1927 to 1939; the latter after Dr. George W. Lewis, NACA’s Director of
Aeronautical Research from 1919 to 1947. In 1945-1946 NACA added two more
installations: one at Wallops Island on the coast of Virginia and the High Speed
Flight Research Station at Edwards Air Force Base, California.* The location of
three of the five installations on or near military bases was not accidental. From
an early date NACA worked closely with the services, as well as with airframe and
engine manufacturers, in its research.

Over the years, NACA compiled a long list of significant achievements in
aeronautics. In 1928 it developed the famous NACA cowling, which greatly
increased the flight efficiency of air-cooled engines and which won NACA’s first
Collier Trophy. NACA research on laminar flow and the resulting low-drag wing
contributed to the success of the P-51 Mustang in World War II. The research
facilities built by NACA, such as the pioneering variable density wind tunnel and
the award-winning transonic wind tunnel, not only set the pace for other research
laboratories around the world, they also allowed NACA to conduct original and
unparalleled research. Although drawn into testing and cleanup work in World
War II, NACA returned to fundamental research after the war and developed
important concepts in the new fields of supersonic and hypersonic flight: swept
wings, the “area rule” of fuselage configuration, and the blunt nose cone for dis-
sipating the heat of atmospheric reentry. By 1954 these achievements had earned
NACA an enviable reputation.

Three features of NACA practice may serve to make its success comprehen-
sible. Its mission made it complementary to, not competitive with, the services and
industry; its research was only loosely coupled to its users; and its laboratories
enjoyed a certain autonomy in the selection of specific research projects and the
manner in which research would be conducted. The first of these features should
not be taken to mean that NACA did no work to order; most NACA work was
to order. Less than half of what the