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EXECUTIVE SUMMARY
NASA is an exceptional institution in a tremendous predicament. The agency’s accomplishments go
beyond inspiring billions of people to overcome human frailties or the limitations of our planet—they
mark the transition of humanity from earthbound creatures into a spacefaring species. Yet, the last time
any human set foot on the surface of another celestial body was in 1972. Many of NASA’s advocates
and supporters can only wonder why, in these past 40 years, we have seen the space program played
backward in slow motion: going from a presence on the lunar surface, to operations only in low Earth
orbit, to the final flight of the Space Shuttle in July 2011 with no capability to send astronauts into space
aboard U.S. vehicles.
When NASA was created, it was given the lion’s share of responsibility for building the entire U.S.
national civil space enterprise. The agency was built from an amalgamation of different laboratories,
offices, and programs, assembled in haste and immediately challenged with a high-risk, rapid-turnaround
program to land an American on the Moon. NASA rose to the challenge, marking one of humanity’s
greatest achievements. Dramatic changes have occurred since that time. The space enterprise is now a
$290 billion global endeavor, with NASA accounting for just 6 percent of the total. NASA is no longer the
sole creator and manager of the entire U.S. national civil space enterprise. As the space program has
evolved, we have witnessed frequent redirection and constantly shifting priorities at NASA, mixed signals
from Congress and the administration, organizational conflicts, and the lack of a singular purpose,
resulting in a space agency without a clear, stable direction. It is from this perspective that the Space
Foundation commissioned this report to undertake a sincere and earnest exploration of NASA’s state
and future.
At the most basic level, a successful organization needs a clear, well-defined purpose to generate unity
of action, coordination of strengths, and focus of effort, as well as to establish a means by which to
measure its success or failure. The Space Foundation believes that first and foremost, NASA needs
to embrace a singular, unambiguous purpose that leverages its core strengths and provides a clear
direction for prioritizing tasks and assigning resources. In addition, we believe that measures must be
taken to remove or reduce factors that hamper NASA’s ability to execute a more clearly defined program.
These measures include divesting NASA of activities not related to its core purpose, providing for
stability in senior NASA leadership, and establishing an ongoing planning process to lend continuity and
framework to the development of its long-term plans. Additionally, the Space Foundation has identified
other areas where NASA can improve performance and increase returns on taxpayer investment.
The Space Foundation has approached this study with rigor and impartiality, taking into account the
diverse opinions obtained by interviewing nearly 100 senior leaders representing numerous disciplines
that encompass a variety of perspectives on management, space exploration, and public administration.
The product of more than a year of research, the report’s findings are presented in the spirit of
engagement and constructive counsel, with a sincere desire to catalyze change for the better.

Executive Summary

1

NASA’s Purpose
To establish a clearly defined purpose, NASA must return to its roots and examine the very essence of
its core competencies. While science and research play an important role in the agency’s efforts, NASA’s
mission should be to increase and expand the U.S. national civil space enterprise. This capacity building
involves creating physical infrastructure, cultivating human capital, and developing technology. Expanding
the U.S. national civil space enterprise is a matter of expanding human reach and activity in space. This
is not limited to questions of human spaceflight, but includes the many different means by which human
reach is extended.
NASA must be a leader in good management, systems engineering, and logistics. The Space Foundation
believes that one word can embody NASA’s purpose and leverage its greatest core strengths to promote,
expand, and develop a healthy national civil space enterprise: PIONEERING.
The Space Foundation defines “pioneering” as: 1. being among those who first enter a region to open it
for use and development by others; and 2. being one of a group that builds and prepares infrastructure
precursors, in advance of others. It is a term that is used throughout this report to describe the ideal focus
for NASA. The Pioneering Doctrine has four phases: access, exploration, utilization, and transition.

Access: The ability to get to and from a destination. Improving access means increasing the ability to
deliver more hardware, produce more power, or otherwise expand activity at a destination.
Exploration: Learning about the basic characteristics and features of a destination. By understanding
the risks and opportunities associated with a destination, one can determine what activities are possible
there. This phase is where much of the scientific research and investigation occurs within the Pioneering
Doctrine.
Utilization: Turning theoretical knowledge into real technology to accomplish specific objectives. This
phase involves acquiring practical knowledge essential to beginning, developing, and sustaining regular
operations at some destination.
Transition: Handing off an activity or capability once it has become sufficiently mature to support itself
either elsewhere in government or in the private sector. This phase commits NASA to hand off activities
when it can, and formally introduces real commercial competition.
Defining a singular purpose provides the framework to better manage ambiguity in direction from
Congress and the administration and minimize the impact of shifting political winds. In addition, requiring
NASA to develop long-term plans to present to Congress for approval will result in better preparation
and guidance for the agency, its contractors, and the nation’s space workforce. The plan can be geared
toward a very simple objective: NASA will say what it is going to do and then do it. These measures will
increase NASA’s accountability to Congress and the taxpayer.

Strategic Recommendations for Sustaining U.S. Civil Space Activity
Along with a focused purpose, NASA must be assured that its budget and its management have the
stability to ensure that its purpose can be fully and effectively pursued. NASA funding should involve
mechanisms to eliminate unwarranted and destabilizing shifts in budgets and objectives that waste dollars
on changed or cancelled programs. Likewise, a fixed term for NASA’s top leader will discourage arbitrary
changes in the direction of the agency and reinforce its commitment to pioneering.
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The Space Foundation believes that the following strategic recommendations will ensure that NASA’s
primary responsibility is not to cover, manage, and coordinate all U.S. civil space activities, but to expand
the national civil space enterprise.
1.	
AMEND THE SPACE ACT: Congress should amend the Space Act to officially assign pioneering as
NASA’s primary purpose. During the amendment process, Congress should also eliminate tasks that
are no longer relevant or that distract NASA from its focus on implementing the Pioneering Doctrine.
2.	
STREAMLINE THE NATIONAL CIVIL SPACE ENTERPRISE: With a new focus codified in statute,
NASA should assess its current activities and work to align them with its purpose.
a. R
 EALIGN THE NATIONAL CIVIL SPACE ENTERPRISE: NASA should divest itself of portions of
its activities that do not fall within its new statutory purpose. This will involve dispersing relevant
activities to other public and private parts of the national civil space enterprise.
b. R
 ATIONALIZE EXISTING INFRASTRUCTURE: NASA’s existing infrastructure and facilities need
to be consolidated, and excess capacity should be eliminated. Decision-makers must distinguish
between supporting a space program versus archiving the infrastructure that could conceivably be
used to support a space program. This would involve an agency-wide evaluation of infrastructure,
facilities, and capabilities by independent auditors.
c. P
 URSUE FURTHER COMMERCIALIZATION: NASA should continue to pursue privatization and
commercialization of activities where possible.
3.	
STABILIZE NASA LEADERSHIP AND PLANNING: To leverage the agency’s new clarity
of purpose, NASA leadership and planning should be stabilized to avoid wasteful disruption.
a. C
 REATE STABILITY FOR NASA LEADERSHIP: The NASA Administrator should be appointed
for a five-year renewable term, ensuring continuity of leadership despite shifting political
winds. Furthermore, the NASA Administrator should be responsible for nominating the Deputy
Administrator, for appointment by the President with the advice and consent of the Senate, to
ensure close cooperation and singularity of purpose at the highest levels of NASA management.
b. R
 EQUIRE NASA TO SUBMIT A LONG-TERM PLAN: NASA should develop both a 10-year
plan with specific dates, goals, and objectives and a 30-year plan that provides the broader
strategic context in which the 10-year plan can be understood. These plans would be submitted
for congressional approval every five years, at which point Congress would evaluate performance
during the previous five years, following validation by a congressional commission (described
below). This approach would ensure that Congress is kept apprised of NASA’s direction and
objectives, providing insight into the planning process while reducing the possibility of shifts in
priorities that can come with each administration or new piece of legislation.
c. C
 REATE A NASA COMMISSION: Congress should authorize the creation of a 12-person
commission, chaired by the NASA Administrator or his/her designee, comprising three presidential
appointees, four members appointed jointly by the majority and minority leadership of the relevant
committees of jurisdiction in the Senate, and four members appointed jointly by the majority and
minority leadership of the relevant committees of jurisdiction in the House. The purpose of the
commission is to ensure that any plan submitted by NASA to Congress has been validated by a
group of qualified, trusted individuals.
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4.	STABILIZE NASA FUNDING: Along with leadership and planning stability, NASA will be able to better
carry out its new purpose once it has access to more stable and reliable funding streams.
a. C
 REATE A REVOLVING FUND FOR NASA PROJECTS: Congress should create a revolving
fund for NASA to draw upon to pay for its activities, which can be supplemented through annual
appropriations. This will allow the agency to better match program spending with real-life funding
profiles, rather than trying to compress and rearrange programs to maintain a particular top-line
annual budget.
b. E
 XPAND FUNDING OPTIONS: Congressional appropriators should make use of the full range of
appropriations options available to them in law. This includes multi-year appropriations, no-year
appropriations, and advance appropriations. In multi-year appropriations, the agency has several
years to spend appropriated funds before they must be returned to the U.S. Treasury. For no-year
appropriations, the funding can be spent until the intended objective is met. Advance appropriations
involve a pledge for funding from a future Congress.
c. E
 STABLISH ACCOUNTABILITY AND OVERSIGHT MEASURES: Programs that
exceed predefined limits in cost or schedule should be removed from special funding arrangements
and returned to traditional year-by-year funding managed under the normal appropriations and
oversight rules and procedures. The Space Act should stipulate that failure to keep NASA, as a
whole, on schedule and within budget would be grounds for dismissal of the NASA Administrator.

Tactical Recommendations to Help NASA Flourish
Giving NASA a purpose and holding the agency accountable for delivering on this purpose creates an
environment in which NASA can succeed and provides NASA leadership with tools it can leverage to
address long-standing issues of organizational culture and institutional performance. These issues require
a host of administrative and bureaucratic changes, which have been discussed at length in previous
reports by organizations such as the Government Accountability Office, the Congressional Budget Office,
and NASA’s Office of Inspector General.
The Space Foundation has identified key areas that NASA, Congress, and the President can address
together to improve NASA’s effectiveness:
	
Set concrete goals to measure the success of the International Space Station (ISS) during
the remainder of this decade. Since effective utilization of the ISS is of paramount concern to NASA
and its ISS partners, management of the ISS will provide the most visible opportunity for NASA to
demonstrate its capability to manage a large-scale space enterprise and successfully fulfill its new
mandate.
	
Realign space within the Executive Branch to manage and coordinate the growing national space
enterprise, both civil and national security. NASA should keep a narrow focus on expanding the civil
space enterprise but should not address coordination at the highest levels. This coordination will
include developing cross-sector infrastructure, research and development, and industrial policies
involving all stakeholders.
	
Clarify NASA’s role in developing industrial base policy to provide the private sector with clear and
consistent guidance. Stability in NASA’s long-term planning will provide the stable outlook needed for
successful long-term technology investments throughout the private sector.
	
Strengthen personnel management so that best practices are exchanged and disseminated
throughout the agency, the national civil space enterprise, and private sector by:
Making greater use of Intergovernmental Personnel Act (IPA) assignments to host outside personnel
at NASA and vice versa for extended periods, and
Overhauling the regulations affecting the transition of skilled personnel to and from NASA.
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Improve relationships among the centers and headquarters to address the operational
dysfunction stemming from divergent cultures and goals by:
Strengthening management across enterprises,
Increasing promotion incentives for cross-center transfers, and
Retaining program management at headquarters and distributing project management throughout
the centers.
 reate a common body of standards and library of best practices. Eliminate center-to-center
C
variation in technical requirements and promote interoperability between systems.
 onduct a zero-baseline review of NASA regulations to determine which ones remain essential
C
and which ones need to be filed away, preserving the relevant institutional knowledge in either case.
It is critical to redirect the agency’s ad hoc practice of holding on to old rules and regulations as a
means of accumulating institutional knowledge.
 onduct a zero-baseline review of NASA procurement processes to shift its focus to mission
C
assurance, cost management, and program management while simultaneously eliminating
performance-driven mission creep and reducing problems with cost estimates and cost control.
Improve program management skills by increasing professional development opportunities for
NASA’s workforce to include new and innovative initiatives. The result will be wider dissemination and
institutionalization of best practices and attraction and retention of top talent.
Retain and strengthen in-house technical capabilities to more effectively promote innovation by:
Increasing the in-house, hands-on work that helps maintain the technical proficiency needed to
effectively manage contractors,
Directly allocating time for select science, technology, and engineering personnel to pursue their
own areas of interest and innovation,
Increasing the number and frequency of simpler, lower-cost missions, and
Encouraging development of small “skunkworks” teams to address difficult challenges outside the
main bureaucratic hierarchy.

The Way Ahead
The recommendations presented in this report can make NASA a more successful agency. As a result,
the benefits of scientific knowledge, inspiring the nation’s youth, greater soft power, and economic
rewards will once again accrue. This is much more effective than setting any of these benefits as the
ultimate goal for the U.S. space program, which would distract the program from leveraging its core
strengths. Most of all, this framework will give NASA the opportunity to apply its skills and expertise over
the long time frames required to expand the human sphere of influence. It provides a clear and consistent
means for measuring progress on that project, while equitably distributing penalties for failure and
rewards for success.
Increased stability will help insulate NASA from shifts in political priorities and reduce the waste that
results from the starts, stops, restarts, delays, and eventual cancellation of programs throughout NASA.
The agency will be able to begin a mission with confidence that it can pursue that project as long as it is
technically viable, without worrying about capricious changes in direction from one election to the next.
Although our recommendations go against the status quo, we believe them to be reasonable and
straightforward. NASA is a unique agency within the U.S. federal government. Its mandate is one that
results in discoveries that can shape history and significantly change humanity’s place in the universe.
It is the Space Foundation’s sincere desire to assist all those who care about NASA and to provide helpful
recommendations that will set NASA on a sustainable, long-term trajectory pioneering our place in the
Solar System.
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C h a p ter 1 – I n t r o d u c t i o n
It has been more than half a century since
humanity first ventured beyond this planet.
The world has changed considerably during
that time, and the U.S. space program has
felt the effects of the rapid cycles of domestic
politics and technological progress. The earliest
precedents in bureaucratic language, thought,
and administration were set in a flurry of intense
activity in the middle of the twentieth century, long
before people had experience running a major
program in space. After a half century of NASA
efforts at building and expanding the national
civil space enterprise, it is both appropriate
and necessary to address important questions
about the fundamental nature of the U.S. space
program.

On the other hand, in the minds of many in the
public, NASA has gone from an agency that:

It appears that NASA can be stretched only so
far, and the agency’s performance is suffering as
a result of the strain it is under. The Space Foundation believes
that NASA should
NASA should
refocus its efforts
to return to its
refocus its efforts
original purpose of
to return to its
expanding the naoriginal purpose
tional civil space
enterprise, rather
of expanding
than trying to carry
the national civil
out all related
space enterprise.
activities.

5.	Had a Space Shuttle, which was retired
in 2011;
4.	Now, has only a space station, which the
United States can reach only by flying
on Russian vehicles;
3.	Then will have a capsule and a space station,
assuming that current programs come to
fruition;
2.	Then, possibly, will have just a capsule after
the potential 2020 retirement of the ISS;
1.	Eventually, will have a capsule and a return to
the Moon, assuming there are no problems in
the next 20 years or so.

Although NASA
is not the sum total of the national civil space
enterprise, the agency is the political center of
gravity for U.S. civil space activity, and within
NASA the human spaceflight program plays
a similar role. This report does not advocate
for space settlement or colonization; rather, it
is focused on expanding the human sphere of
influence. For example, much of the ocean floor
is part of the human sphere of influence through
the use of robotics, even if it is seldom visited by
humans. One way or another, humans should
seek to sustain a presence elsewhere in the
Solar System.

This hardly seems like a space program that is
healthy and bound for greatness. This view has
been reinforced by the large number of thoughtful
and strongly supported reports discussing NASA
and its direction over the years. The nine reports
that follow are the most notable of the many
high-level reports published since the tragic and
formative 1986 Challenger disaster; however, they
were not tasked with covering the full depth and
breadth of commentary and thought about what
NASA is, what it is doing, where it should be going,
and how it should get there.

From one perspective, NASA might still be viewed
as having the “Right Stuff.” For example, the technological tour de force that is the Mars Science
Laboratory Curiosity represents the latest step in
a carefully considered and well-paced program to
robotically explore and learn more about Mars.
6

1.	Sent 12 astronauts to the Moon during the
Apollo program;
2.	Ceased going to the Moon, but maintained a
capsule following the cancellation of
Apollo 18–20;
3.	Had a capsule and a space station, Skylab;
4.	Had just a space station the United States was
unable to reach after the last Skylab mission;
5.	Finally, had just a Space Shuttle, launched
too late to prevent Skylab from falling back to
Earth.
To one that:

	The Paine Report (1986) provided a vision of the
next 50 years in space.
	The Rogers Report (1986) investigated the
Space Shuttle Challenger tragedy.
	The Ride Report (1987) advocated establishment
of a permanent Moon base by 2010 and landing
a crew on Mars early in the twenty-first century.

Pioneering: Sustaining U.S. Leadership in Space

	The Space Exploration Initiative (1989)
established what was needed in terms of
funding, human capital, and technology for
space.

Over the course of the readings, interviews,
research, discussions, and consideration that went
into this report, several things became clear:

	The Augustine Commission (1990) evaluated
the long-term future of NASA and the U.S. civil
space program.
	The Walker Report (2002) studied the future of
the U.S. aerospace industry.
	The Columbia Accident Investigation Board
(2003) investigated the loss of the Space Shuttle
Columbia.
	The Aldridge Report (2004) made
recommendations for the implementation of the
new vision for U.S. space exploration.
	The Augustine Committee (2009) reviewed U.S.
human spaceflight plans.
The number of blue-ribbon panels, reports, and
analyses of the issues facing NASA suggests
several things about the state of the U.S. space
program. It has been evident to a wide array
of observers over the past several decades
that there is something deep at NASA’s core
that needs to be fixed. Whatever afflicts the
space program is deeply entrenched and
will not be easily changed by issuing a few
recommendations without significant followthrough from NASA, Congress, and the
administration.

	The employees of NASA—the scientists,
technicians, engineers, support staff,
and astronauts—are exceptional people.
Dedicated, hard-working, intelligent, persistent,
and dynamic, they make up one of the
most advanced and accomplished civilian
technological agencies in the world.
	The NASA Administrators have done incredible
work for the agency in circumstances that have
been, at best, extraordinarily trying. Each has
brought a different skill set and personality to
the job, and although different Administrators
have met with different amounts of support
from various sectors, their overall performance
has been solid.
	The space community is fortunate to have the
support of tireless, devoted, and thoughtful
advocates. While not all of them agree what
course to take or whether the best option
is being pursued, as a whole, the space
community has demonstrated an unwavering
commitment to the core belief of space
exploration. Without that support, space
programs in the United States and around the
world would be far worse off.

There are very few kinds of problems that are so
formidable and complex as those facing NASA. It
is almost certain that the too-common assumptions
that the cause of such problems is bureaucracy,
ineptitude, or malice will not hold here.

	Perhaps out of a sense of frustration, there has
been a tendency to look outside of NASA for
bad actors who maliciously hinder and impede
space ambitions. To be sure, there has been
lukewarm support in some corners, but this has
typically been outweighed by persistent support
from friends and allies in industry, government,
and throughout society.

Rather, the most intractable problems of public
policy are often a result of the concerted, wellintentioned efforts of intelligent, caring people
over the course of decades. The fact that the
challenges facing NASA defy simple solution is a
perverse testament to the incredible dedication
and brilliance that has enabled the agency to
accomplish great things despite its issues. It would
be much more straightforward to find solutions
if there were easily identifiable villainy, stolidity,
or sloth, but none of these traits were observed
during the research for this report.

The United States created a space program
and set it in motion long before anyone had
meaningful practical experience in operating a
space program or integrating it into the broader
long-term strategic debate over the direction and
priorities of the United States. Much of the concern
about the direction and viability of NASA that
followed the loss of the Columbia and the release
of the Columbia Accident Investigation Board’s
report reached a new pitch with the retirement
of the Space Shuttle and the cancellation of the
Constellation Program.

Introduction
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The Space Foundation believes the problems
currently facing NASA exist primarily because the
United States has never taken the time to figure
out, at an existential level, what a space program
does, why it does it, what it should do, and how
to proceed. To be more precise, the United
States has never grappled with the question of
what belongs in its national civil space enterprise
versus what belongs in a capacity-building space
program or outside the public sector altogether.
This report explores that problem and provides
recommendations to address it.

NASA is working toward a string of immensely
difficult, high-stakes goals over the next decade:
the launch and deployment of the James Webb
Space Telescope, the fielding of the Space
Launch System, the completion of the Orion
Multi-Purpose Crew Vehicle, the debate about
extending the life of the ISS, and the start of
commercial crew transportation to the ISS. All of
these are major projects, and any failures could
cripple an entire field of U.S. space activity for
years to come, so it is essential that NASA be
equipped to succeed.

While the Space Foundation has an international
outlook, this report is written from a U.S.
perspective. The question of the essential
nature of a space program is a sufficiently large
problem that it is best to start by addressing the
program that is most accessible. Although the
ideas presented here are geared toward NASA
and its unique history, the general underlying
concepts are more broadly applicable and will
provide value to
readers around the
The problem
world. In the course
of the research, the
is not a lack
Space Foundation
of ideas… the
investigated the
problem is that
perspectives of nonU.S. space actors
the United States
and observers to
has never taken
help develop a more
the time to figure
complete picture.

The Space Foundation’s analysis of the state of
the U.S. space program is largely an examination
of the program since it was radically transformed
by the 1986 Challenger disaster, an event that
marked a sharp change in NASA and its national
role. Since then, NASA has shown consistent
improvement over the years in some areas,
although improvement is still needed in many
others. The Space Foundation’s recommendations
are presented in the spirit of positive critique,
not as an indictment of NASA, its people, or its
contractors.

out what a space
program does,
why it does it,
what it should
do, and how to
proceed.

As an advocate
for global space
activity, the Space
Foundation views
the engagement
of all nations as
paramount. Even
though international
cooperation in
space exploration is of vital interest, it was
not possible to do justice to both topics in the
same report; while international cooperation is
not discussed here, it has by no means been
forgotten or rejected. The changes recommended
in this report are expected to improve NASA’s
performance and its effectiveness as a
leader, thus making it a better partner on the
international stage.
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To provide a brief overview of this report:
Chapter 2 assesses four of the most common
theories about why NASA’s performance does not
always meet expectations, debunking some of the
mythology associated with these theories.
Chapter 3 explores the challenges confronting
NASA’s ability to perform at higher levels.
Chapter 4 examines the underlying problems
that fuel these difficulties and proposes a general
solution.
Chapter 5 expands the general solution into an
operational doctrine.
Chapter 6 makes strategic recommendations
for implementing the doctrine.
Chapter 7 discusses some of the tactical issues
that NASA must address if it is to reach its full
potential.
Chapter 8 provides a conclusion and summary of
the report.
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C h a p ter 2
A s s e s s i n g E x p l a n a t i o n s f o r N A S A’ s P e r f o r m a n c e
Despite the many space accomplishments of the
United States and the benefits that have accrued
as a result, the nation’s civil space program has
become increasingly unfocused. Since the collapse
of the Space Exploration Initiative in the early
1990s, NASA’s budget has been slowly dwindling.
New programs have been canceled before coming
to fruition, sending scientists and engineers back
to the drawing board (or worse, driving them away
from the space enterprise) and wasting billions
of dollars. Countless documents have been
written and meetings held to debate architectures,
destinations, and objectives of space exploration.
These efforts have produced a wide range of
options for an ambitious and world-leading space
program, but there is no clear sense that NASA has
the ability to carry out these tasks effectively and
successfully.
There are four common factors external to
NASA that many blame for the agency’s current
performance. A certain amount of wishful thinking is
attached to each of these factors, derived from the
conviction that NASA’s issues would be resolved
if only there were more funding, a groundswell
of public backing, a decisive presidential decree,
or greater congressional support. A closer
examination indicates that tackling any one of
these factors would be insufficient to fix NASA’s
underlying limitations; nonetheless, this kind of
wishful thinking resurfaces again and again.

There are two budget-related misconceptions that
create this discouraging assessment of NASA’s
prospects. The first is that NASA already takes a
very large proportion of the government budget,
and is thus too expensive. The second is the
belief that NASA funding is much lower now than
it was during the Apollo years, and that it would be
impractical to raise funding to a level that allows the
type of achievements made at that time. Neither of
these arguments stands up to scrutiny.

NASA as a Portion of Government
Spending
Polls consistently show that individual members
of the public often grossly overestimate the
portion of the government’s budget spent on
NASA. In a series of polls carried out in the mid1990s, the average estimate of NASA’s share of
the federal budget was 20 percent.1 If this were
true, then it might be reasonable to say that a
significant increase in funding for NASA would
be impractical for the nation’s finances. In reality,
at its peak NASA had less than 5 percent of the
federal discretionary budget. Even at its most
expensive, NASA received less than a quarter of
the portion of the federal budget that the public
generally thinks it does.

Myth 1: An Ambitious Space
Program is Too Expensive
Many space advocates have suggested that Apolloera levels of funding (on the order of 4 percent of
discretionary spending) are a natural requirement
for a program that would have an impact equal
to that of the Apollo program. In this view, the
U.S. civil space program will be forever doomed
to an existence as an empty shadow of its glory
days because there simply is not enough money
available for grand programs in the manner of
Apollo.
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Figure 1: Percentage of U.S. discretionary budget received by NASA from FY 1962 to FY 2017.2

The second common funding argument is that NASA’s budget has decreased significantly since the Apollo
program, and that restoring NASA to health would require a similar portion of the discretionary budget.
From a high of nearly 4.5 percent in the late 1960s, funding decreased to a plateau of about 1 percent from
the mid-1970s to the mid-1990s, followed by a steady decline to slightly less than 0.5 percent in 2011.

Figure 2: NASA budget from FY 1962 to FY 2017 in constant FY 2010 dollars. The average NIH budget
from FY 2007 to FY 2011 is shown for comparison.2, 3
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When NASA’s budget is viewed in real (FY 2010) dollars, a different story emerges. The decrease in
funding since the 1960s is not as drastic and the current budget is not the lowest of all time. NASA’s
budget at present is only slightly less than half of what it was at its highest point, and it is higher than it
was throughout much of the 1970s and 1980s. While NASA still needs a larger budget, it is possible to
imagine scenarios in which NASA can receive enough funding to achieve greatness within foreseeable
budget environments.

Figure 3: Percentage change in spending for various government programs (in constant dollars) from
FY 1966 to FY 2010.2

The diverging pictures of NASA’s budget over time can be explained by
examining trends in other discretionary spending. The apparent 90 percent
decline when expressed as a portion of the discretionary budget is actually
the product of large, sustained spending increases in the rest of the federal
government. Rather than spending on space coming at the expense of other
government programs, spending on other programs has come at the expense
of NASA.
The United States is evidently comfortable funding major national research
and development (R&D) agencies at a level of $30–$35 billion for extended
periods, as the National Institutes of Health (NIH) budget has been held
at more than $30 billion for the past five years. At the height of the Space
Race, the annual NASA budget amounted to $32.2 billion in FY 2010
dollars. Funding for the NIH rose to its current levels as a result of an effort
by President Bill Clinton to double its budget over the course of a decade,
starting in the 1990s—and that budget growth has been successfully
defended. A similar increase in NASA’s budget is both reasonable and
achievable.
Based on the data, it is clear that NASA’s budget is not as large as many in
the public believe. Looking at its historical funding levels, the budget has not
fallen as precipitously as many within the industry fear. Finally, comparison
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A return to nearApollo funding
levels (adjusted
for inflation)
would require
approximately
1 percent of
the federal
discretionary
budget, providing
NASA with a
similar level of
funding as the
National Institutes
of Health.
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to other R&D organizations shows that bringing
NASA’s budget back to near-Apollo levels in
constant-dollar terms would be well within the
range of an existing R&D agency. This would
equate to roughly 1 percent of discretionary
spending, which is much more plausible than the
level of 4.5 percent that is sometimes implied to be
a prerequisite.

Myth 2: Space Activities Do
Not Have Enough Support
from the Public
Some argue that NASA would be more successful
if the public supported space activity more
strongly, based on the belief that public support
for the Apollo program was much higher than
support for NASA today. From this perspective,
the absence of a public demand for an ambitious
space program constrains even sympathetic
lawmakers representing constituencies with
significant space-related activity and prevents
them from backing a robust space program
with the authorization and funding needed to
implement it.
Given the amazing success of Apollo, it is not
surprising that the U.S. public likes to believe that
President John F. Kennedy’s Moon challenge was
met by enthusiastic public support and generous
federal funding. Yet even in July 1969, when
Neil Armstrong and Buzz Aldrin became the first
humans to set foot on another celestial body,
only the slightest of majorities felt that the space
program was worth the money.1 The problem
with the nostalgic recollection of NASA’s past is
that it draws current observers to the erroneous
conclusion that an ambitious space program
can only flourish
when matched by
Support for
stratospheric levels of
public support.
NASA and the

space program
in general are
relatively high,
especially when
compared to
other agencies
or programs.
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Public opinion of
NASA in general, as
opposed to landing on
the Moon specifically,
shows that the
support for NASA
is typically around
50 percent (plus or
minus 10 percent)
and has remained

there for decades regardless of any other factor,
including NASA’s performance.4 In a series of
polls conducted from 1988 to 1999, a majority
of Americans consistently stated that the space
program is “extremely” or “very” important to the
country.1 In a 2006 Gallup poll, nearly 70 percent
of those polled stated that the United States was
doing a “good job” or a “very good job” in handling
leadership in space. By contrast, less than half of
those polled thought the United States was doing
a good job in handling national disasters or health
care needs.5 This shows that support for NASA
and the space program in general are relatively
high, especially when compared to other agencies
or programs.6
Stronger public sentiment is not required to
increase funding for NASA. This is evident from
the facts that a higher level of public support
was not necessary to fund the Apollo program,
the public does not know how much is being
spent on NASA, and overall feelings toward the
agency are relatively insensitive to events. This
is not to suggest that public support is completely
unnecessary, but that a massive shift in public
opinion is not required, as current levels of public
support are not substantially lower than they were
during Apollo.

Myth 3: Presidential Leadership
is Needed to Drive Space
Activities
Many have claimed that problems with the
health of the space program come from a lack of
presidential leadership, implying that the program
will never be more than a shadow of its former self
unless there is a bold presidential proclamation
that sets a course for the nation. In reality, a
number of things had to fall into place to launch
and sustain the Apollo program. Presidential
pronouncements alone are insufficient to explain
why the Apollo program happened and why
subsequent efforts failed.7
The creation myth of the Apollo program holds
that the primary motivating force responsible for
getting the program started and completed was
President Kennedy’s iconic 1961 challenge to
the United States to “commit itself to achieving
the goal, before this decade is out, of landing
a man on the Moon and returning him safely to
the Earth.” However, prior to addressing a joint
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session of Congress and issuing a dramatic statement, Kennedy made
sure the political groundwork with Congress had been laid in advance (by
Vice President Lyndon Johnson, among others). The overall environment,
the strong role of the presidency in that era, the effective use of space
in Soviet propaganda, and a host of other factors all contributed to the
environment in which the Apollo program was conceived.7
Presidential leadership is not sufficient to drive space activity, but it is still
a necessary part of a strong space program. The President provides the
starting point for budget debates, and the decision to request a higher or
lower budget for NASA affects the funding the agency receives. However,
the future funding levels included in the budget proposal do not match the
actual trajectory of NASA funding over those years.

Presidential support
is necessary for a
healthy space
program but is not
sufficient on its own
to guarantee one.

As shown in Figure 4, projected changes rarely materialize in full. Taken together with a less idealized
view of the historical events surrounding the launch of the Apollo program, these budget trends indicate
that presidential leadership on space issues, although welcome and useful, is not sufficient to give rise to
a vibrant space program.

Figure 4: Presidential budget requests for NASA with out-year projections are displayed as a single line for each fiscal year, colored according
to administration. Congressional appropriations are indicated by the black line. The colored bars in the upper half of the chart indicate whether
the president was a Democrat (blue) or a Republican (red), while the lower half shows which party controlled Congress (purple indicates
control of the House and Senate by different parties).
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Figure 5: Annual percentage change (in constant-dollar amounts) for NASA’s budget in presidential
requests (blue) and congressional appropriations (red) from FY 1965 to FY 2012.2

Myth 4: Greater Congressional
Support Can Drive Space
Activities
Some advocates suggest that greater
congressional support would be enough to drive
an active space program, overlooking the fact
that Congress has been relatively consistent
and predictable in its response to presidential
budget requests. Although NASA has the benefit
of bipartisan approval of its activities, this support
does not necessarily translate into increased
funding.
Congress effectively put an end to the last big
presidential initiative to dramatically increase the
funding of the space program in the early 1990s.
There has been little dramatic movement in space
spending since that time because the Cold War
imperatives for an ambitious space program
have disappeared. In general, Congress acts as
a moderating influence on ambitious presidential
plans, both positive and negative. This suggests
that minor adjustments to the status quo will be
insufficient to convince Congress to substantially
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increase funding in support of dramatic changes in
the state of the U.S. national civil space enterprise.
Congress had shown itself to be quite supportive
if there is a strong presidential push, a perceived
need for a major undertaking by NASA, and a
sense that NASA is competent, focused, and
realistic.

Underlying Issues at NASA
Each of the four myths presented above is
frequently offered as an explanation for why
NASA is not performing as well as it should, but
fixing one or all of these matters is unlikely to
change the way NASA conducts its activities.
There is a deeper issue at hand, as indicated by
congressional responses to requests for funding
increases. At least part of congressional resistance
is due to perceptions of NASA as an inefficient
or unreliable investor of taxpayer dollars. NASA
has a long history of cost overruns, financial
mismanagement, poor planning, and entrenched
bureaucracy. This has not escaped the notice of
legislators.
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	“In order to successfully accomplish everything
outlined in [the NASA Authorization Act of
2010 (Public Law 111–278)] NASA needs
to develop and pursue new and different
ways of operating that will promote efficiency
and economy; annual budget increases can
no longer be counted on as the means for
achieving mission goals.”8
	“NASA regularly receives management and
programmatic recommendations from GAO,
OIG and various commissions and other
entities, as well as outside advice on scientific
and technical priorities from the National
Academies. While each of these reviews is
useful on its own, they are all targeted to a
specific issue or program and therefore do
not provide a comprehensive assessment of
NASA’s activities. The Committee believes
that such an agency-wide assessment will
provide a means to evaluate whether NASA’s
overall strategic direction remains viable and
whether agency management is optimized
to support that direction. The assessment
should consider the relevance and feasibility
of NASA’s strategic goals; the appropriateness
of the budgetary balance between NASA’s
various programs; and the adequacy of
NASA’s internal policies, procedures and
organizational structures that underpin its
mission activities... Such recommendations
should also take into account the need for a
common, unifying vision for NASA’s strategic
direction.”8
While complaints about government management
are perennial, Congress appears to believe that
NASA’s ability to operate effectively today does not
measure up to its performance during the Apollo
program. Further compounding congressional
exasperation is the feeling that there is no clear
NASA mission to support:

	“NASA’s stated intention is to pursue a
capabilities-based approach to human
exploration, which means that the direction
of the program will be driven by what
technologies are available at a particular
time. While this approach may offer some
advantages in terms of flexibility, it also lacks
the clearly defined goals that have historically
driven space exploration achievements.
Specific, aggressive
goals are necessary
“It is time for NASA
both to focus the
program and to
to recommit itself
provide a common
to a bold vision
vision around which
for the future that
public and political
support can be
will restore the
rallied.”8

sense of purpose
and urgency that
existed at the
agency during the
eras of its finest
achievements.”

As a steward of
taxpayer dollars,
Congress exercises
oversight over
government
programs and
expenditures.
Congress has
— U.S. Congress,
the responsibility
House Committee
to be skeptical
on Appropriations
of claims and
critical of mistakes.
While Congress has been relatively supportive
of NASA in terms of authorization legislation
and the sentiments of individual committee and
subcommittee members, NASA’s direction and
performance over the past decades have made it
very easy for a skeptical observer to dismiss the
notion of increasing NASA’s budget, especially in
a poorly performing economy. These issues must
be addressed for the space program to meet its
potential.

“ The Committee has been frustrated by
the uncertainty of leadership within the
Administration on space policy and the
resulting lack of focus within NASA itself.
It is time for NASA to recommit itself to a
bold vision for the future that will restore the
sense of purpose and urgency that existed
at the agency during the eras of its finest
achievements.”8
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C h a p ter 3 – C u l t u r a l I s s u e s a t N A S A
There is a prevailing sense, discussed quite
openly in the wake of the Columbia accident,
that the biggest obstacle to NASA fixing its own
problems is its deeply entrenched culture. Absent
cultural change, NASA behavior and performance
are unlikely to change. If NASA cannot improve its
performance and make better use of its funding,
then it is going to be difficult for anyone to make
a convincing case for increased funding or a more
ambitious role for the agency.
The Columbia Accident Investigation Board (CAIB)
surveyed more than 50 reports related to NASA
and the Space Shuttle Program issued between
the Challenger disaster in 1986 and the release of
the CAIB report in 2003.9 Among those 50 reports
they identified nine categories of organizational
issues facing NASA:
Infrastructure
Communications
Contracts
Risk Management
Quality Assurance
Safety Programs
Maintenance
Security
Workforce Issues

In addressing NASA’s resistance to change,
the CAIB Final Report also noted that:
	
“History shows that NASA often ignores strong
recommendations; without a culture change, it
is overly optimistic to believe NASA will tackle
something relegated to an ‘observation’ when
it has a record of ignoring recommendations.”9
And,
“ By examining safety history, organizational
theory, best business practices, and current
safety failures, the report notes that only
significant structural changes to NASA’s
organizational culture will enable it to
succeed.”9
This observation is borne out by the Diaz Report,
NASA’s own official response to the CAIB’s
recommendations. The Diaz Report represents
a good-faith effort by NASA to absorb and
implement many of the findings of the CAIB, but it
effectively concedes the point about the difficulty
of cultural change for NASA:
“ Admittedly, some of the actions
recommended by the Team are actions
one would expect to see an organization take
if it were trying to change its culture, but the
goals offered by the Team are intended as
only a first step in the process.”10

These same issues have come up repeatedly in
reports from many authors and investigators over
a 17-year period between the Rogers Commission
Report and the CAIB report. This suggests that
NASA has long-standing issues that it is somehow
unwilling or unable to address. At the very least,
NASA has found it difficult to take non-technical
and organizational prescriptions to heart. The
CAIB Final Report was rather clear on this point:

And,
	“The [report authors realize] that, in some
respects, the most challenging changes will be
those which pertain to culture, or those which
are the non-technical [RecommendationsObservations-Findings] noted in the CAIB.”10

	“If NASA will accept this prescription and
take the ‘medicine’ prescribed, we may be
optimistic regarding the program’s future;
if, however, NASA settles back into its
previous mindset of saying, ‘Thanks for your
contribution to human space flight,’ summarily
ignoring what it chooses to ignore, the outlook
is bleak for the future of the program.”9
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NASA and Organizational
Culture
Organizational culture is a “persistent, patterned
way of thinking about the central tasks of, and
human relationships within, an organization.”11
Organizational culture is informed by the values
and beliefs of its members and the broader
imperatives affecting those members, or the
situation within which it finds itself operating.11
NASA is home to many cultures. Each center
has a different culture, as does each directorate
and even each mission. Discussion of broad
organizational culture is not intended to ignore
these differences, but to examine the underlying
cultural assumptions that seem to persist
throughout the organization. NASA’s experience
during its creation has resulted in a loosely-bound
collection of center-fiefdoms that consider NASA to
be the “perfect place” to execute space exploration
tasks. Both of these features, the strongly
independent tendencies of the NASA centers and
the idealization of NASA as an institution, have a
strong influence on NASA’s willingness and ability
to accept outside direction.

NASA and its Centers
From the perspective of organizational evolution,
there has never been a single, cohesive NASA
culture from which the behaviors of various parts
of NASA can be traced. The prime impetus behind
President Dwight Eisenhower’s creation of NASA
from the prior National Advisory Committee for
Aeronautics (NACA) was to take the national
space exploration portfolio out of the Department
of Defense (DoD) and identify it as a peaceful
scientific activity. As a result, NASA was an
amalgamation of a relatively small civilian research
organization (NACA), components of the U.S. Air
Force, parts of the Naval Research Laboratory,
and pieces of the U.S. Army, which in turn were
assembled using parts of the WWII German
military rocketry establishment. The organization
subsequently recruited engineers from all areas of
the industrial sector and numerous experts from
academia and government.

independence, or turf is met with immediate
and stubborn resistance. The task of aligning
the many different groups and concerns that
made up NASA during the Space Race would
have been all but impossible without the political
conditions of the time.12

NASA as an Idealized Institution
The problem with changing any entrenched culture
is twofold: it entails convincing people that there
are better ways to do things and that someone
outside the organization may actually have useful
guidance to offer. The U.S. space program was
so very well optimized for the Apollo program
that it has caused the NASA of the 1960s to
become regarded as a “perfect place” or “idealized
institution,” making it very resistant to change.13
“ According to the creation myth, in the
beginning, NASA was full of young, cocky,
innovative, hard charging folks who got us to
the moon inside a decade. They were brash,
confident, and did not suffer fools gladly. If
they were worried, they didn’t show it. Stories
abound of 100+ hour work weeks end to end,
almost impossible to believe. Their theme –
as posted on the factory walls – was ‘waste
anything but time.’ Going to the moon was the
cliché for doing the impossible and they were
going to be the ones to do it. They were the
epitome of risk-taking, innovative, creative,
flexible, nimble, achievers.”14
Many of NASA’s behaviors during the 1960s—
good and bad alike—have now become deeply
embedded in its organizational DNA. NASA’s
success at achieving the seemingly impossible
created a persistent, if unconscious, sense that
the organization becomes less capable and
perfect if things are changed from the way they
were during Apollo. The problem is that, even
if NASA could be perfectly preserved in its best
Apollo-era configuration, the rest of the world has
changed dramatically. Keeping NASA the same
will not produce the same results because the
environment is now very different.

The fact that all but a handful of NASA centers
were taken over from other organizations fuels
the divergence of center cultures from each
other and from headquarters. While the centers
can and do cooperate on specific matters,
anything that challenges a center’s autonomy,
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Consequences of Idealized Institutions
There are consequences to preserving an
idealized view of NASA. Such a view often serves
to sustain damaging behaviors and make the
agency resistant to beneficial change.
Idealization of anything, particularly an institution,
has the result of transforming practices and
norms into law and dogma. At NASA today, it
is quite difficult to separate the essential core
lessons of the Apollo program from the semiarbitrary practices that have taken on the force
of law.13 Proposed changes encounter significant
resistance, especially when those changes
originate from outside, because NASA tends to
believe it has already figured out the correct way
to do things.
The idealization of NASA has encouraged some
people, particularly the general public, to conflate
NASA as an organization that does things in
space with the idea of doing things in space in
general. To some extent, NASA has become
synonymous with exploration and exploration has
become synonymous with NASA.15 This creates
the risk that criticizing NASA can be construed
as criticizing space
exploration.
Criticism of NASA

is often mistakenly
construed as
criticism of space
activity in general.

Many decisionmakers and much
of the public tend to
view NASA as the
organization most
competent to hold
forth on space-related topics—even though 94
percent of the global space economy now exists
outside of NASA.16 NASA’s institutional knowledge
credentials are often treated as unassailable,
both within the agency and by external observers.
NASA often regards outside criticism of its
practices as being illegitimate because, in the
NASA view, such criticisms comprise an attack on
space exploration as a whole.*17

These behaviors, in addition to the discussion
in Chapter 2 of the popular myths surrounding
NASA during the Apollo era—that NASA was
a beneficiary of intense and widespread public
support, that NASA was immensely well-funded
and better-supported by Congress, and that
the lack of dramatic presidential leadership is the
only thing holding NASA back—have created the
broader context in which NASA now operates.
NASA is resistant to change, and without
fundamental change it is difficult for NASA’s
supporters to secure greater support for the
agency. As long as external factors are cited as
primary reasons behind the difficulties of the U.S.
space program and external input is disregarded,
the problem persists. The view of NASA as
“perfect” has made some counterproductive
organizational and cultural elements extremely
difficult to root out and address.18,19 Three
organizational behaviors are particularly
noteworthy: technological hubris, lack of a
long-term strategy, and risk aversion.

Technological Hubris
NASA tends to view itself as a superb repository of
national science and technology expertise. While
the agency certainly does possess unparalleled
technological prowess, NASA’s belief in its own
technical infallibility continues to obscure important
considerations.
In the Apollo era, NASA was the only organization
with the ability to carry out a major space project.
There were very few rocket scientists and other
specialists to draw upon, and the only way NASA
could meet the Apollo program goals was to find,
recruit, or train all the people it needed. NASA
appeared to be the organization with all the
skills, and the perception of NASA as the only
organization with the requisite capabilities to do
things in space was locked in.

*Work in recent years by the National Academies in advising NASA on scientific priorities does, however, bode well for the future.
It remains to be seen how their relationship with NASA will evolve and how receptive NASA will be to such advice.
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NASA’s outlook has contributed to an enormous
“not invented here” problem, in which many
ideas are resisted simply because they come
from outside of
the agency.20 For
Technical
example, NASA
accomplishments
ignored Air Force
notwithstanding,
concerns about
using pure oxygen
the principal
in its vehicles and
feat during the
continued to do so
Apollo program
until the Apollo 1
tragedy.21 In recent
was one of
times, some have
marshaling
argued that NASA
resources and
has been slow to
adopt commercial
integrating
spaceflight solutions,
them into a
in part, because
successful whole.
of a “not invented
here” outlook.22
More broadly, the fixed perception of NASA as a
technical agency obscures an important reality of
the Space Race. The principal feat of NASA was
not that it had all the rocket scientists (and other
specialists needed for the Apollo program), but that
it was able to identify, find, and marshal all of the
necessary technological, scientific, and engineering
resources necessary for the task. NASA, in many
cases, does not actually need to be the best at
something as long as it can find and use the best
available capabilities. Focusing on the technical
aspects of NASA’s accomplishments hides what is
most important about what worked best.
A related problem is the tendency to focus on
creating the absolute best technical solution to
any problem, regardless of whether the problem
really needs such a sophisticated or elegant
solution. During the Apollo era, although NASA
was pursuing huge technological advances, it was
sharply constrained by a deadline. This compelled
the agency to move forward with “sufficiently good”
solutions instead of pursuing perfection. However,
times have changed and so has the fundamental
challenge NASA faces. NASA’s technical and
engineering focus perpetually drives it to look for
the highest-performance and theoretically best
answer to any problem, without being sufficiently
sensitive to time and cost constraints. Since it is
an organization funded by taxpayers, there is an
obligation for NASA to provide the best value it
can for the budget it receives—so it is important to
distinguish between “best” and “best value.”

Long-term Strategy
NASA’s strongly technical approach to solving
problems tends to result in a focus on the
tangible and concrete. As a result, even the most
general and broad discussion of NASA’s tasks
and roles still tends toward discussion of specific
destinations or technologies.23 This constrains the
space program in two ways: there is a tendency
to focus on the tactics of space activity rather than
long-term strategy, and a tendency to pursue a
specific means for solving a problem rather than
the overall goal of solving the problem.
When confronted with the challenge of engaging
in a sustainable long-term space program, the
response is often that this or that specific “killer
app” will somehow usher in a new era. Technically
oriented people with the best intentions invoke
terms such as “market forces” and “outreach” as
mysterious influences that will keep the program
moving along while NASA focuses on the business
of developing technology. To the extent that they
are acknowledged, it often comes in the form of
a technically focused person making a valiant
attempt at trying to digest another non-technical
field in its entirety, or occasionally bringing in
consultants. Based on the events of the past 50
years, this approach seldom yields concrete or
lasting success.
Addressing strategic problems with technologyoriented tactical solutions runs contrary to one of
the more important lessons of Apollo. Public policy
decisions can be described as the confluence
of three separate streams: problems, answers,
and politics. Problems and their solutions exist,
sometimes independently of one another, until the
political environment is ripe for matchmaking.24
It was not rocket science, but the politics of
exploration, in which Wernher von Braun was
truly gifted. His most important work on the Apollo
program took place before NASA was created. Von
Braun skillfully worked all the streams he could
influence and managed the political environment
such that, when appropriate circumstances arose,
the government took advantage of the opportunity
he presented, ultimately resulting in the success of
the Apollo program.*

*Obviously von Braun did not act alone in this regard. Rather, the point is that his policy contributions before the creation of NASA
are as significant as his technical work at NASA.
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If NASA is to experience stability in its mission and
budget, it must be able to convince Congress and
the President that a given problem and solution
appear to be a good match. If this is done on a caseby-case basis rather than as part of a long-term
strategy, the decision will be revisited repeatedly by
new administrations and panels of experts. At any
given time, there exist multiple possible solutions
to a problem, and constantly changing course has
hampered NASA’s ability to bring any of them to
fruition.
Treating the space program as a primarily technical
enterprise, rather than as a matter of long-term
strategy, frequently shifts the focus from ends to
means. For example, the International Space Station
(more accurately its design predecessor Space Station
Freedom) was originally supposed to fulfill eight
objectives by serving as:
	a laboratory in space, for the conduct of science and
the development of new technologies;
	a permanent observatory, to look down upon the
Earth and out at the universe;
	a transportation node where payloads and vehicles
are stationed, processed and propelled to their
destinations;
	a servicing facility, where these payloads and
vehicles are maintained, and if necessary, repaired;
	an assembly facility where, due to ample time on
orbit and the presence of appropriate equipment,
large structures are put together and checked out;
	a manufacturing facility where human intelligence
and the servicing capability of the Station combine to
enhance commercial opportunities in space;
	a storage depot where payloads and parts are kept
on orbit for subsequent deployments; and
	a staging base for more ambitious future missions.25
Today, almost three decades and tens of billions of
dollars later, the current ISS effectively meets only the
first objective. This does not mean that large, complex
projects should not or cannot be attempted. Rather,
if NASA is given a task without sufficient resources, it
must become NASA’s responsibility to say “Thanks,
but no thanks” and find a different approach for
accomplishing the goal. A long-term strategy is
necessary to provide the criteria for NASA to make
this decision and follow through. If NASA needs some
capability, it should try to get it rather than building a
piece of hardware that does not meet its objectives.
NASA should take this step early in the process and
with a viable plan to ensure the change of course
does not result in a major decline or complete loss of
capability.
20

Risk Aversion
Risk is an integral and unavoidable part of space
exploration. On some levels, NASA is willing to
take enormous risks—the landing of the Mars
Science Laboratory Curiosity was a marvel of
technical ingenuity and well-managed technical risk.
Curiosity’s entry, descent, and landing system was
a technologically audacious solution that achieved
success by minimizing controllable risks wherever
in the process it was possible. However, any
organization that involves itself substantially in the
technical side of space tends to absorb and adopt
that culture’s approach to mitigating risk throughout
the organization. The way NASA has learned to
think about the risks of spaceflight creates enormous
difficulties for the organization.
Once risk aversion becomes a protected value at an
idealized institution, those values become deeply
entrenched in the bureaucracy and all kinds of
unintended consequences may arise. Risk aversion
throughout an organization can even run contrary to
considerations of safety. The unintended downside of
increased risk aversion and conservatism that occurs
at a tactical level can also propagate up through
strategic thinking.
Dan Goldin, the
longest-serving NASA
Risk aversion
Administrator, is known
and safety are
for his implementation
of the agency’s “Faster,
not necessarily
Better, Cheaper”
the same thing.
approach. His effort to
Risk aversion
change the NASA way
of doing business, while
throughout an
controversial, popularized
organization
what is known as the
can even run
triple constraint of
project management.26
contrary to safety
One perspective on the
considerations.
triple constraint goes
something like, “Faster.
Better. Cheaper. Pick any two.” Improvements in one
portion of the problem often come at the expense of
the other two parameters. Effectively optimizing on all
three axes is difficult and requires good project- and
program-management skills.
While risk is generally considered to be an implicit
factor in all three elements, it is useful for an outside
observer trying to understand NASA to consider
risk as a fourth constraint. Looking back at the era
of Administrator Goldin’s “Faster, Better, Cheaper”
missions, truly trying to be the best in all three of these
aspects means that risk is probably going to be the
area most vulnerable to sacrifices. It is not surprising
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that the “Faster, Better, Cheaper” philosophy
ultimately proved to be riskier than NASA or
Congress was willing to countenance. In addition,
the tendency to view the world in a technological
framework means that NASA often wants to
maximize performance. If project managers try
to maximize performance and minimize risk,
then cost and schedule tend to be less tightly
controlled, as has been seen on numerous
programs.
Bureaucracies usually try to mitigate risk by adding
procedures and regulations to existing practices.
This effort results in increased paperwork,
overhead, and transaction costs that may
ultimately outweigh the benefits of the regulation
in the first place. For example, in the processing
of the Space Shuttle’s Solid Rocket Boosters,
line workers proposed a procedural change that
would speed up processing (and arguably make
the process more reliable), but when they tried
to introduce the change, they were told that it
would be too expensive to change the applicable
manuals and written procedures. The number of
manuals and written procedures, in turn, arose
from a desire to minimize risk by making sure
everything is well documented. NASA ended up
with a time-consuming, (potentially) less safe
procedure, as an indirect result of behaviors
intended to ensure safety.27

NASA Culture
NASA is well suited for a particular kind of
work: completing complex technical tasks with
a concrete and narrow focus, while trying to
minimize controllable technical risks. The agency
is extremely good at what it perceives to be its
core competencies, but very resistant to change.
However, the organization that worked so
well half a century ago to put a person on the
Moon faces a changed world. If decades of
recommendations about how NASA needs
to change the way it does business have not
improved the agency’s performance, then making
the case that Congress should reward this failure
by increasing the NASA budget is very difficult
indeed. NASA must first change its practices and
behaviors, improve its performance, provide a
unifying vision, and reform itself as an agency.
To accomplish all these things, NASA must make
fundamental alterations to its culture.

Adding safety systems and redundancy increases
the complexity of a system and introduces entirely
new components that can break or malfunction,
potentially increasing risk. In addition, flagging
and marking everything can overwhelm operators,
who then start treating potentially legitimate
problems as acceptable because they have not
yet failed. In the U.S. space program, it is very
typical to try to increase safety (or at least reduce
risk) by spending money. Many NASA activities
end up being planned almost as rigorously as
human spaceflight. This introduces rigidity,
increased transaction costs, and inefficiencies in
areas where a purely technical approach to risk
management is not appropriate.
The challenge in dealing with risk management is
that it is always easier to be more risk-averse out
of a sense of bureaucratic self-preservation. Such
a tendency is exacerbated in particularly riskaverse cultures. Over time, this creates significant
obstacles that must be overcome if efficiency and
effectiveness are to be improved.

Cultural Issues at NASA
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C h a p ter 4
The Benefits of a Focused Purpose for NASA
Over the years, many people have offered
explanations for why a space program is a useful
thing to have. Upon close inspection, these
“reasons” turn out to be descriptions of things
a space program produces, but not a good
explanation of what a space program does at
a core level. However, an examination of these
benefits helps reveal a better approach for
structuring a space program.

The Creation of NASA
The 1957 launch by the Soviet Union of the
first artificial satellite, Sputnik, along with the
subsequent launch of Sputnik 2 and the United
States’ Vanguard launch failure, presented
President Eisenhower with a problem. The public
outcry in the United States and loss of American
prestige abroad dictated that the government had
to respond. On the other hand, Eisenhower had
concerns about the potential for out-of-control
growth of the military-industrial complex, and
he wanted to limit the role of the military as the
developer of access to and exploitation of space.
The intent was to create an agency focused on
science that would not get into the business of
enormously large and expensive engineering
projects in the name of Cold War prestige. In many
respects, NASA was modeled after the Atomic
Energy Commission, which was itself a result of
managing the demilitarization of some atomic
energy activities.28 By the end of the Eisenhower
administration, the United States had a scienceoriented space agency composed of a small
aeronautical research program and several large
military space engineering-oriented exploration
programs, sprinkled liberally with people from
industry and academia.
It was President Kennedy’s May 25, 1961, Moon
challenge that cast the die for NASA’s culture. The
Space Race took a three-year-old agency that was
going through growing pains and supercharged
it with an ambitious task and a flood of resources
over the course of an eight-year program. Even
before the last Moon landing in 1972, funding and
support for NASA dropped precipitously, resulting
in some damaging institutional developments.
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In many respects, the effects of the aggressive
draw-down of NASA mirrored the consequences
of the dramatic post-Vietnam demobilization of the
military and the “hollow military” of the 1970s. For
both organizations, the cuts were demoralizing,
hindered human capital development, encouraged
cannibalistic competition over increasingly scarce
resources, and otherwise retarded organizational
development. The analogy begins to fail in the
1980s. While the military was able to rebuild
itself through a combination of increased funding
and significant reforms (such as the GoldwaterNichols Act), NASA instead experienced the 1986
Challenger disaster.
As discussed earlier, NASA’s creation story and
mythical golden age are built around a romantic
idealization of NASA during the Apollo years.
In reality, NASA has evolved from a mishmash
of cultures: military and civilian, science
and engineering, crash program and legacy
building. President Kennedy’s speech provided
a tool for overcoming these problems on a
temporary basis: he gave NASA a very clear
and straightforward goal.
Although many observers draw from the Apollo
program the lesson that targeting a destination is
a worthy organizing principle for a space program,
the destination proposed by Kennedy was less
critical than the fact that he provided NASA with
a sense of purpose. Unfortunately, basing that
purpose on a concrete destination meant that
NASA’s focus lasted only until the destination
was reached. The challenge today is properly
articulating the purpose of NASA in such a way
that progress can be sustained in the long term
rather than disappearing the way it did at the end
of the Apollo program. With such clarity, NASA
can reshape itself more aggressively and respond
more quickly to the world around it.
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Figure 6: President Kennedy’s Moon challenge provided a clear-cut framework for determining what NASA
should do. This framework disappeared after the Apollo program ended.

Purpose, Organization, and
Unity of Direction
One way to describe the essentials of “purpose” is
with the concept of Unity of Direction, explained as
follows:
	
“The principle is expressed as: one head and
one plan for a group of activities having the
same objective. It is the condition essential to
unity of action, co-ordination of strength and
focusing of effort.”29
The 1958 Space Act assigns NASA at least 15
different “purposes,” not including the potpourri of
supplementary activities that have been assigned
to NASA over the years, such as the responsibility
“to develop and carry out a comprehensive
program of research, technology, and monitoring
of the phenomena of the upper atmosphere so as
to provide for an understanding of and to maintain
the chemical and physical integrity of the Earth’s
upper atmosphere.”30
It is hard to envision a more immense challenge to
unity of direction than assigning an agency roughly
one strategic imperative for every billion dollars

of funding. While various NASA Administrators
have sought to create clear visions and mission
statements for NASA, the language of the Space
Act itself prevents such concrete visions and
precisely defined missions. There are several
good reasons to empower NASA with a strong
sense of purpose:
	Purpose makes it easier to propel organizational
change.
	Purpose gives people a similar understanding
of what is to be accomplished, creating fewer
distortions within the organization.
	Purpose allows management to prioritize tasks
and allocate resources.
	Purpose makes it possible to focus core
strengths and competencies on a common
objective.
	Purpose makes the coalition-building process
clearer, although not necessarily easier.
	Lack of purpose, combined with year-by-year
budgeting, sharply limits the effective planning
horizon.
	Once the organization’s purpose is clear,
strategic thinking is possible.

The Benefits of a Focused Purpose for NASA
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Purpose makes it easier to propel
organizational change. During the Apollo
program, nearly every dispute about the direction
of NASA as a whole could be boiled down to
one question: “Do you want to go to the Moon or
not?” This powerful tool for changing organization
and practice created a very distinct cultural and
organizational imperative. Ineffective practices
were changed. Ineffective people were removed or
sidestepped. Without a strong sense of purpose,
changing NASA culture will always be difficult.
Purpose gives people a similar understanding
of what is to be accomplished, creating fewer
distortions within the organization. While unity
of direction cannot eliminate all arguments, as
there are many technical, administrative, and other
issues to be decided, it does bound the debates.
Communication during the Apollo program was
greatly facilitated by common understandings.
If something advanced the goal of meeting the
Apollo challenge, it was “good;” if it imperiled the
chances of meeting the goal, it was “bad.” Basic
concepts such as schedule, methods, and many
other details that underlie the planning process
were shared, or at least commonly understood.
It is never possible to completely eliminate every
communication problem in an organization, but a
shared frame of reference is enormously helpful.
Purpose allows management to prioritize tasks
and allocate resources. Once an organization
has a purpose and has developed objectives in
alignment with that purpose, planners can more
easily prioritize the use of available resources.
For example, it would have been useful to have
a lunar rover available for all Apollo missions, but
the first lunar rover did not arrive on the Moon until
1971 with Apollo 15. Sending people to the Moon
and returning them safely to Earth before the end
of the decade was clearly a higher priority than
getting the lunar astronauts a rover. In today’s
NASA, there is no common frame of reference in
which the agency’s many disparate activities can
be aligned or compared.
Purpose makes it possible to focus core
strengths and competencies on a common
objective. Even if budget were no object,
increasing the number of activities stresses the
organization responsible for them. To manage
more than one type of activity, NASA must learn
different languages, manage new relationships,
appeal to different constituencies, and respond to
different sets of stakeholders. Each additional type
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of task added to the portfolio increases complexity
not only for senior management, but also for the
subordinate groups that must develop tools for
engagement with an ever-larger group of peers.
Adding new tasks for NASA to address does
not increase its relevance. Instead, it dilutes the
agency’s strengths and diffuses its impact.
Purpose makes the coalition-building process
clearer, although not necessarily easier.
Building a coalition for any large undertaking,
such as a space station or new crew vehicle,
is enormously complex. A shared sense of
purpose makes it more likely that the coalition
will hold together in the face of political change,
enabling the completion of critical tasks. Individual
members of the coalition may be more willing to
make temporary sacrifices because they know that
it is toward a larger purpose and not simply the
result of political maneuvering.
Lack of purpose, combined with year-by-year
budgeting, sharply limits the effective planning
horizon. If an organization lacks a clear purpose,
the annual opportunity to change budgets and
program direction means that there are many
opportunities for advocates of one kind or another
to “fix” NASA and sharply change its direction.
Once the organization’s purpose is clear,
strategic thinking is possible. As discussed in
Chapter 3, NASA encounters enormous difficulty
in thinking strategically about its role. Absent a
clear purpose, NASA will remain stuck in the loop
of chasing after resources and seeking expedient
arguments to justify its existence.

The Purpose of NASA
An organization’s purpose is not simply a list of
the outcomes the organization achieves. These
outcomes may be a desirable consequence of
the organization fulfilling its purpose, but their
production should not be the sole reason for the
organization to exist.
An effective purpose shapes ethos and provides
a basis for establishing missions, objectives, and
metrics. This report is not another exercise in
trying to write a mission statement for NASA; the
intent is to provide an underlying logic to drive
strategy formulation within the organization and to
establish the broader strategic role of the agency
within government and the country.

Pioneering: Sustaining U.S. Leadership in Space

There are several rationales commonly offered
as justification for the existence of NASA. In most
cases, the assumed purpose actually turns out
to be a benefit
resulting from
Many proposed
NASA’s success
at some particular
“purposes” for
task. It is critically
NASA actually
important to
describe benefits
distinguish
between a
that result from
purpose and a
its activities.
benefit. A benefit
They do not
is some desirable
result of an
explain why
activity, but the
NASA should
purpose describes
undertake those
how and why the
activity is to be
activities.
undertaken in the
first place. Failing
to distinguish between benefits and purposes
results in the kind of mission creep now ubiquitous
in NASA’s current activities. The most commonly
proposed core purposes for NASA are:
Domain-delimited Purpose
Science and Technology Purpose
Economic Purpose
Inspirational Purpose
Projection of Soft Power
Pioneering

Domain-delimited Purpose
A domain-delimited purpose (one that addresses
all activitiy within a specific physical domain)
makes NASA responsible for anything that
happens anywhere in the universe outside of the
Earth’s atmosphere. In this perspective, which is
widely held among the public, NASA is envisioned
as the civilian agency “responsible for things in
space and doing things in space.” The problem
is that assigning the entire universe to NASA as
its area of responsibility means spreading the
nearly $18 billion budget quite thinly. It is virtually
impossible to focus an agency and establish a
budget if nothing falls outside its job jar.

through the atmosphere. Further, NASA conducts
a large program dedicated to understanding the
environment, thus making NASA also responsible
to some extent for the oceans, forests, and skies.
Various statutes have assigned NASA tasks
associated with biomedical research, ground
vehicle improvement, promotion of commercial
space activities, solar heating and cooling
technologies, and so on.
Even assuming that the proliferation of assigned
non-space related activities were not an issue, the
massive growth in the number of ways space has
been used over the past half century means that
there are too many space activities throughout
government to be monitored or managed by
one agency. The domain-delimited approach
to defining a purpose for NASA resources is a
solution that is built to fail.

Science and Technology Purpose
Another perspective holds that NASA exists to
advance scientific and technological knowledge
and understanding. If that were the agency’s
purpose, it would be fair to ask if NASA is a costeffective means of doing so. If the generation of
“scientific and technological knowledge” is the
criteria by which NASA’s performance is being
evaluated, a billion dollars’ worth of spending
on mathematics, anthropology, or any one of
a number of less hardware-intensive fields
of research would likely yield more papers,
conference talks, and books than an equivalent
amount spent on space. Space activities are
money- and hardware-intensive. Defining NASA
as a science and technology agency means that
there would be a number of other organizations
directly competing with NASA for funding to
perform similar tasks. In FY 2013, the budget
request for NASA is approximately $10 billion
more than the budget request for the National
Science Foundation (NSF), an amount roughly
equal to the entire cost of the Large Hadron
Collider. It could be quite difficult to make a
compelling case that NASA needs an extra billion
or two dollars if that money could just as easily
be spent to advance our understanding of particle
physics.

As is frequently noted, the first “A” in NASA
stands for “aeronautics.” In addition to things
happening in space, NASA addresses things
happening in the atmosphere, as well as flight
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There is a stronger argument for defining
NASA’s purpose as the acquisition of science
and technology. Space produces a great deal
of scientific knowledge through multidisciplinary
collaboration, which often generates serendipitous
discoveries and innovation.31 Yet, returning to
the cost-benefit perspective, it may be entirely
possible and less expensive to generate
discoveries in some other way. For example,
NASA may have produced better software for
examining medical scans, but if the desired result
is improvements in medical scans, it may be
more efficient to spend money on developing that
technology directly.
Some of the most significant benefits of space
activity have been scientific and technological
advances. Despite the somewhat sporadic
attention focused on such accomplishments,
the acquisition of scientific and technological
advances is an ancillary benefit of space activities,
not an effective goal in and of itself.

Economic Purpose
Many individuals and organizations, including the
Space Foundation, have touted the economic
benefits of space here on Earth. Beyond the
many practical applications of space-related
technologies, space activity has been a huge
force behind the cultivation of expertise in
systems engineering and project management
in the United States. The three elements of this
argument—spinoffs, project management capacity
building, and economic growth—are a compelling
combination, and one that deserves special
consideration.
However, this approach is vulnerable to the same
problem as the research-oriented rationale. There
are many ways to generate economic returns
here on Earth, although there is disagreement
on which projects might be best. The cost-benefit
comparison is difficult. High costs, uncertain
outcomes, and an austere budget environment
make it difficult to compete for funds. Further,
claiming this rationale as the core competency
of NASA means that the agency’s tasks would
duplicate those conducted by other agencies.
If NASA were to focus on economic development,
it could get into the business of providing importexport financing to help promote the sale of
U.S. space systems overseas. NASA could also
indemnify launch or promote space tourism.
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However, these things are already addressed
elsewhere in government and would be a radical
shift in what NASA actually does today.
In the case of an economic orientation, as with
a research orientation, NASA has produced
immense and important advances, but these
are more properly described as ancillary benefits,
rather than as the underlying core competency of
NASA itself.

Inspirational Purpose
Noted astrophysicist Neil deGrasse Tyson has
made a very compelling case for an interesting
variation on a research or technology orientation
for NASA.32 Dr. Tyson makes the point that
all of the intrinsic benefits from space-related
developments in science and technology are really
the fruit of a nation inspired by the space program.
Compelling and bold achievements in space drive
students to pursue careers in science, technology,
engineering, and math (STEM) fields. This yields
a broad spectrum of benefits for decades to come,
far exceeding the immediate products of any
specific space mission or project.
It is questionable whether a space program could
be built and organized for the purpose of inspiring
students to engage in STEM fields. Even if it
could, it might not be the best use of funding to
achieve this end. Perhaps a more dramatic effect
could be produced by dividing up the budget
among the states as block grants for promoting
STEM education.
As with research and direct economic benefit,
inspiration is a critically important outcome of a
vibrant space program, but it is not a good way of
describing the underlying core purpose of a space
program. Dr. Tyson makes a persuasive case
that inspiration is the most important outcome
and benefit, as seen in the passionate reactions
that so many have toward NASA. However, while
inspiration may be central to the NASA brand and
concept, it is not a core competency of the agency.

Projection of soft power
Many have made the argument that the purpose
of the Apollo program was purely to beat
the Soviet Union to the Moon. The historical
record clearly shows that concerns about the
Soviet space program were preeminent drivers
behind Kennedy’s Moon challenge. Even today,
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space programs around the globe repeatedly
demonstrate the role of engagement in space
activities as a tool for diplomacy and a way to
increase national soft power.33
Returning to the same assessment as in earlier
examples, it is not really possible to make an
effective comparison between the soft power
effects of space activity versus the soft power
effects of some other avenue, such as foreign
aid. Soft power yields important benefits and
is a useful outcome of space activity, but is
not adequate as a core, guiding purpose for a
space program.

Pioneering
Looking at the various reasons for having a space
program, there is a temptation to argue that
NASA currently does all of these things and that
the cross-cutting space orientation is sufficient to
serve as a “purpose.” This effectively returns to the
understanding of NASA as the agency responsible
for all space-based civil activities not covered by
other agencies. Such an approach offers the worst
of both worlds. It confers a hopelessly broad,
domain-based purpose, while sacrificing the ability
to focus on any one kind of activity. Unfortunately,
this is a reasonably accurate thumbnail sketch of
what NASA tries to do today.
When discussing the core mission of NASA, the
terms “discovery,” “exploration,” and “pioneering”
are frequently used, often interchangeably. This
tendency obscures some subtle but important
differences in meaning.
	
Discover: (verb) 1a) to make known
or visible: expose, b) archaic: display.
2a) To obtain sight or knowledge of
for the first time.34
The word “discover” literally comes from words
meaning “to uncover.” NASA is definitely
discovering something when it detects for the
first time a planet orbiting another star. Then
again, when archeologists find a potshard,
they too are uncovering something. If NASA’s
purpose is to discover knowledge, there are
many ways for the agency to do this without
lifting its eyes toward the stars.

Explore: (as a transitive verb) 1a) to
investigate, study, or analyze: look into,
b) to become familiar with by testing or
experimenting. 2) To travel over (new
territory) for adventure or discovery.
3) To examine especially for diagnostic
purposes. As an intransitive verb: to make
or conduct a systematic search.35
Exploration certainly seems to do a much better
job describing what NASA really does. There is
a connotation of travel, which is important for
an agency that intends to do things in space in
addition to watching with telescopes. However,
to say that the purpose of the space exploration
program is “to travel over (new territory) for
adventure or discovery” raises the question of
why we are in space to discover something in the
first place.
If we use “explore” in another sense, we find
that NASA would be in the business of “making
or conducting a systematic search.” This too
raises questions regarding the ultimate objective.
Asserting that the purpose of the space program is
to conduct a systematic search or survey of space,
rather than defining the discovery of a particular
thing or data set as the objective, opens up the
possibility of focusing on a core competency while
creating room for maneuver in deciding what is
to be searched for. NASA can take up the job of
conducting systematic searches, after which the
decision of what to do next is left to others. This
seems more like half a purpose than a whole one.
Another term that is sometimes used in reference
to the activities of a space program is “pioneer.”
The following two definitions of the word are
directly applicable to our discussion:
Pioneering: 1) being among those who first
enter a region, in order to open it for use and
development by others. 2) being one of a
group that builds and prepares infrastructure
precursors, in advance of others.
A pioneering paradigm for a space program leads
to the idea that the purpose of the space program
is to incorporate the rest of the Solar System into
the human sphere of influence. Pioneering is
fundamentally an enabling and capacity-building
activity.
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To paraphrase slightly, to
pioneer is to do work in
a new place in order to
A pioneer
prepare in advance for
expands and
those who will follow. In
shapes the
this context, it captures
both the promotion of
frontier in
science and technology
preparation
research as well as the
for those
infrastructure-building
elements of the Navy
who will
Seabees or Army
follow.
Corps of Engineers.
This definition embeds
a goal and a means of
thinking about that goal. If pioneering activities are
successful, then others should be able to follow
to use and develop the terrain. If nobody follows,
then the pioneer either has further work to do or
has failed to understand the needs of prospective
future visitors. When their work is successful,
pioneers should find themselves out of work at a
given location once their services are no longer
needed. This handover process is already well
underway with the utilization of low Earth orbit and
geosynchronous orbit.
It is important to note that this definition does
not foreclose on any of the valuable ancillary
benefits or critical outcomes described earlier. It
may change the context in which the terms are
discussed and of the language used to discuss
them, but it does not change the fundamental
utility of those activities.
In some respects, the pioneering process is
already beginning to unfold with the growing role
of “decadal surveys” by the National Academies,
which have laid out recommendations for the
conduct of astrophysics and planetary science
missions by NASA. The National Academies
produce reports every 10 years on different
aspects of space-related science: planetary
science, Earth science, astronomy and
astrophysics, and solar and space physics.
In each case, the National Academies serve as
a broker among the relevant scientists in each
community, winnowing down options that are
then generally regarded as guidance for NASA’s
science objectives. This disentangles much of the
academic debate from agency politics and has
proven to be well-received.
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While this might sound like it is taking NASA
completely out of the business of science, it is
actually a first glimpse of the agency as a pioneer.
Scientific investigation is an inextricable part of
pioneering, and it stimulates demand for further
pioneering activity. NASA is the enabling agency
that helps its first “customers” to access and
derive value from some sort of space activity.
Scientists have been and will probably continue
to be the first customers for transportation to any
freshly accessible terrain. In some examples
here on Earth, such as the Antarctic, science
still generates the majority of the demand for
pioneering efforts. Any effort to pioneer that does
not take into account the interests and needs
of its first (and perhaps only) customers will be
faced with nearly insurmountable problems in
meeting objectives. Assigning NASA the purpose
of pioneering would by no means diminish the
ability of the United States as a whole to conduct
scientific research.
Another example is that of the Space Telescope
Science Institute (STScI), which is responsible
for the operations of a number of orbiting
observatories, most notably the Hubble Space
Telescope. STScI is funded through NASA and run
by the Association of Universities for Research in
Astronomy. The institute is a successful example
of moving NASA out of the business of running
observatories, allowing NASA to stay focused on
the management and operation of spacecraft as a
science enabler.
A pioneering paradigm establishes a much
clearer role for technology development
programs. The managers of a specific science
mission may not have the ability or desire to
advance a particular technology, even if that
technology has broad application beyond the
immediate mission, because the costs or risks
are simply too great for any single program to
reasonably bear. However, if the space program
is to pioneer, preparing for those that follow,
then technology and infrastructure development
begin to take on a more central role. Large,
ambitious development programs, such as
the Jupiter Icy Moons Orbiter, later named
Prometheus, become important not just for
science but for what they open up in the future.
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A space agency centered around pioneering
is an agency that will continually reach new
heights, inspiring children at home and people
around the world. By establishing for the
space program
the challenge of
trailblazing and
A space agency
breaking new
centered around
ground, there
will be many
pioneering will
opportunities
continually reach
for leadership
new heights,
roles on the
international
inspiring children
stage.
at home and

people around
the world.

Formally
establishing
“pioneering”
as the primary
purpose of NASA is clearly not enough, on its
own, to solve all of the challenges that NASA
faces. Organizations with the size and scope
of NASA cannot be expected to hatch a new
organizational culture and spontaneously
formulate new ways of doing business on the
basis of change in verbiage alone. However,
with a well-defined purpose, it becomes
possible to think about the mission, strategy,
and organizational culture of the agency in a
much more effective way. Clearer language can
be the basis for important changes in statute
that provide the agency with better guidance. In
the hands of skilled leadership, understanding
NASA’s purpose can simplify the task of
directing the agency, while giving supporters a
framework to talk about its accomplishments.
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C h a p ter 5 – T h e P i o n e e r i n g D o c t r i n e
When people know that a destination exists, it is
inevitable that they think about ways to get there.
The desire for wealth and resources and the
fear of losing out to a competitor are two of the
primary motivators for human expansion into new
territories. The future exploration and utilization
of space is as inevitable as earthbound forms
of exploration and exploitation have been. Now
that humans have determined that it is possible
to both survive in space and benefit as a result,
the question is primarily one of leadership. The
Space Foundation believes that the United States
should lead by developing the technologies and
infrastructure that will bring a greater portion of
space within the
sphere of regular
human activity.

Implementing the Pioneering
Doctrine
The definition of pioneering introduced in the
previous chapter contains some important
assumptions. The first is that a frontier is worth
opening up if others can and will utilize and
develop that frontier at a later date; a place that
can be neither developed nor utilized is not a fit
destination for pioneering activities. A second
assumption is that the need for pioneering
activities at the frontier comes to an end as further
development of a destination becomes selfsustaining.

Once NASA
demonstrates
effectiveness as a
pioneer, it will be
easier to argue for
increased funding.

Defining a clear
purpose for the U.S.
space program gives
its leadership grounds
to act in a more
coherent and focused
manner, makes it
easier to choose and
prioritize goals, and
provides a point of leverage to begin transforming
culture and activities. Once NASA can do these
things, it becomes possible to revisit the question
of funding with Congress, the President, and the
public.
The concept of pioneering yields some insights
into the essential activities of a space program.
First, it sets the expectation that a space
program’s activities are part of a methodical
process, rather than a loosely amalgamated
collection of missions. Second, approaching the
expansion of human capabilities as a series of
distinct phases produces insights on effective
ways to think about technology development,
science, and commercialization.
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Figure 7: Framework for evaluating destinations for
pioneering.

Figure 7 offers a way to think about the pioneering
process. The horizontal axis indicates (as one
moves from left to right) the increasing value of
utilization at a destination. The vertical axis (as
one moves from bottom to top) indicates the
potential to operate more easily and effectively
at a given destination (representing either an
increase in capability for a fixed cost or a reduction
in cost at a fixed capability). For sake of simplicity,
habitability and affordability are being treated as
one and the same. The challenge for a pioneering
organization is to make it less expensive to get to
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a destination and operate there, while at the same
time increasing the returns (however described)
of operating there, so that the business case can
then be closed.*
All destinations for
pioneering in space
can be considered to
The challenge
start out in the lowerfor a pioneering
left corner where (1)
organization is to a presence cannot be
sustained indefinitely,
reduce the cost
relying on constant
of access to and
support from outside
and (2) there is no
operations at a
destination, while economic rationale
or benefit from being
increasing the
there. Through
the development
corresponding
of technology,
returns.
infrastructure, and
logistical support, it is
possible for habitation to become self-sustaining
(shown in the upper left corner), or habitation to
become economically viable (shown in the lower
right corner). Ideally, the objective is for habitation
to be both self-sustaining logistically as well as
economically profitable.
For example, the first European settlements
in the New World were neither economically
profitable nor particularly self-sufficient.† In that
situation, the value of the destination was as a
penitentiary or place to exile the troublesome. As
time progressed, the colonies in the New World
were able to sustain themselves or at least eke
out an existence; they could provide their own
food, build structures, and develop infrastructure.
On Figure 7, this would represent a move from
the lower left corner to the upper left corner.
Finally, with the discovery of tobacco, cultivation
of cotton, and a whole host of other economic
activities, further development of the New World
became economically self-sustaining and would be
indicated with a move to the upper right corner.

On Figure 7, it is possible to place a point for
every destination in the Solar System to track
how far humanity has gone in making it possible
to sustain a presence at a given destination and
the economic utility of doing so. Today, the vast
majority of destinations in the Solar System cluster
in a small area in the lower-left hand corner;
they are extremely difficult to get to, expensive
to operate at, and do not provide a compellingly
obvious value for most stakeholders. Advances in
science, technology, and infrastructure allow one
to move a point upward, to the right, or both. In
recent decades the only area that has opened up
enough to support self-sustaining development
are the Earth orbits that are home to satellites
providing terrestrial services. Missions related to
exploration of the Moon and Mars have opened
up the range of possibilities significantly, although
activities at either destination cannot yet be
considered self-sustaining.
As knowledge increases, capabilities grow, and
technology is developed, people can do more at
each destination to reduce costs and increase
benefits. Whenever a destination becomes
self-sustaining, economically viable, or both,
the government no longer has the obligation to
continue committing resources to opening up,
or pioneering, that particular destination and can
focus its attention elsewhere.

*Here the term “business case” is used very loosely to go beyond simple profit and loss calculations. Since some of the handoff
could involve transferring activities to other actors in government, it may be taken in the broader sense of figuring out how to make
the trip worth the time and money.
†

 ative Americans, by virtue of technology, infrastructure, and understanding specific to their situation in the New World were able
N
to make their presence self-sustaining and viable long before other arrivals. Other New World colonies, such as the early Viking
settlements or the later settlement at Roanoke, were unable to make this transition, and thus, vanished.
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Choosing Destinations
Significant challenges for planning the pioneering
of the rest of the Solar System include the
enormous amount of work to be done and the
number of places to be
visited. The total surface
The probability
area of solid, rocky
that we have
surfaces upon which a
already found
machine or person can
or identified the
land in the rest of the
most interesting,
Solar System is nearly
compelling,
eight times larger than
valuable, or
the entire land area
worthwhile thing
of the Earth.* To get a
or destination in
sense of what exploring
the Solar System
and understanding
(outside of Earth)
that much area means,
is very small.
consider that more than
500 years since the
voyage of Columbus, explorers are still making
discoveries of immense economic and scientific
importance in the Americas. That does not even
begin to include the subsequent returns that have
come about through general, overall development
of the New World.
Exploration is a daunting task that demands
increased efficiency and clever use of available
resources. The traversable surface area of the
Solar System is 28 times larger than the area of
the Americas; if exploration proceeded at the same
rate, it would take some 14,000 years to know the
Solar System as well as humanity knows the New
World—longer than the span of human civilization
to date. The vast scope of the endeavor leads to
several conclusions:
 he probability that we have already found
T
or identified the most interesting, compelling,
valuable, or worthwhile thing or destination
in the Solar System (outside of Earth) is
very small.

Imaging, mapping, and analyzing the
traversable surfaces of the Solar System will be
one of the foremost scientific challenges of the
coming century.
The pioneer’s challenge is to quickly find and
identify the things that are of value throughout the
Solar System and increase our ability to make
use of them. This will increase the amount of
resources that humanity will see fit to dedicate to
exploring the remainder of the Solar System and
bringing it within the sphere of human economic
influence. The speediest actors will be granted
significant first-mover advantages as human
presence is expanded.
If the United States wishes to not only retain its
leadership but also have a sustainable space
program, the nation must act in a purposeful and
decisive manner in its approach to pioneering
space. The logical choice is to go to the cheapest
and most valuable places first. The value of a
location is determined by the organization that
will pay for access. For a pioneering organization,
things are valuable if they will aid in further
pioneering activities. If there is some sort of
presence or activity that is valuable economically,
scientifically, or in some other way besides
pioneering, a pioneering organization can assist
and implement but should not ultimately be held
responsible for funding that activity.

The Four Phases of the
Pioneering Doctrine
The process of pioneering can be delineated
in four systematic phases:
Access: Getting there
Exploration: Finding out what is there
Utilization: Using what is there
Transition: Handing over activities

 he task of trying to understand everything in
T
the Solar System is so immense that relying
solely on slow but steady public funding, even at
tens of billions of dollars per year, will likely take
thousands of years. Access to and presence
throughout the Solar System will have to rely
increasingly on other funding streams.

* The total included in the sum is all the inner planets (except Earth), the 163 largest planetary moons, and the 100 largest minor
planetary objects (including dwarf planets such as Pluto). Comparatively, Alaska represents a bigger portion of the land area of the
United States than does the Earth relative to the surface area of the rest of the Solar System.
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Figure 8: The Pioneering Doctrine offers a clear, self-contained, and self-perpetuating framework for tasks that
NASA should undertake. The goal is to progress through the four phases, building capacity that ultimately enables
other organizations to increase their use of space.
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Access
The first phase, access, is the logistical matter
of getting to a place. As access to a destination
is expanded, the number of things possible at a
destination increases. For example, humans were
able to send the Huygens probe to the surface
of one of Saturn’s moons, Titan, demonstrating
the ability to land a payload of 700 lbs (319 kg)
of machinery on the surface. This has markedly
increased what humans could do or learn on the
surface of a body in the outer Solar System. In
order to derive further value, additional capabilities
and access would be required.
In some cases, the options available for pioneering
are limited by logistics. We have learned a great
deal about carrying out limited human excursions
on the lunar surface. However, while the capability
might exist, access to the Moon has decreased,
so what was once a concrete capability now only
exists in theory. The characterization of the Moon
as “been there, done that” is both unfortunate and
immensely distorting. The pioneering process was
abandoned and humans never moved beyond
phases one and two, access and exploration, to
phases three and four, utilization and transition.
Further, because the process was abandoned
and the institutional knowledge lost, the capacity
to execute phases one and two has diminished
dramatically. As regards the Moon, on some fronts
we must now begin again.
The obvious way to increase access is to increase
the amount of mass, power, and capability that
can be delivered to a given destination. This can
mean bigger and better launch vehicles, but it
could also involve improved in-space propulsion or
a host of other options. Over the past half century,
gains in access have largely been the result of
improvements in electronics and miniaturization.
These developments have also produced a
number of valuable advances here on Earth.
However, there are some kinds of access, such as
human exploration, that depend upon the ability to
send more mass.
Access: Technology Development
There is a frequent tendency among space
advocates to worry about which technology is
going to be developed first and which efforts
should be prioritized. In some cases, these
disputes have become counterproductive, as
one group attempts to overturn a decision in
order to place its candidate at the front of the
priority queue. Expert recommendations over
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the past several decades show recurring themes
on what technologies will be needed to pioneer
the rest of the Solar System.36–39 These items
have consistently reappeared, and all of them
(especially the ones in bold) relate very specifically
to improving access:
 erobraking (aerocapture, aeromaneuvering)
A
Economical cargo transport
Economical propulsion
Nuclear-thermal propulsion
Heavy lift capability
In-space cryogenic transfer and storage
In situ propellant production and transport
Long-term spaceflight research
Radiation effects/protection
Closed-loop life-support systems
In situ mining and materials processing
Automation and robotics
The fact that these dozen items have been
called for consistently and repeatedly over the
course of a few decades suggests that they are
a good starting
point for discussion
of future efforts.
Because the
Improvements in
process was
these areas increase
access throughout
abandoned and
the Solar System,
the institutional
not just to a single
knowledge lost, the
destination. For
instance, nuclear
capacity to execute
power is of critical
phases one and
importance because
two has diminished
the Sun’s rays
become so diffuse
dramatically. As
in the outer Solar
regards the Moon,
System (beyond
on some fronts
Mars) that solar
power is extremely
we must now
inefficient. While
begin again.
the debate over
using nuclear power
often comes down
to whether or not it is absolutely necessary for
a single, specific mission, following through on
development of this technology would provide
huge dividends for a whole portfolio of missions.
For example, a number of the proposals for human
exploration of Mars would use conventional
rockets to propel the astronauts. The relatively
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slow speeds are both unsafe and inefficient—
astronauts are exposed to more potential health
issues and must carry a large quantity of supplies
to survive the long journey. Thus, even if nuclear
propulsion is not strictly needed for a Mars
mission, developing the technology increases
access to Mars (and enables multiple missions
throughout the rest of the Solar System), and
therefore represents an investment that could be
very effectively leveraged.
Alternately, other technologies might help with
only some types of destinations. For example,
aerobraking, aeromanuever, and aerocapture,
which involve using the atmosphere of a planet or
moon to shape a vehicle’s trajectory, are useful
only for some destinations, such as Mars or
Titan, that have an atmosphere, or for missions
that involve returning a vehicle to Earth. While
this might be a relatively inexpensive technology
to pursue, it is something that may have fewer
applications than other technologies such as
space nuclear power.
In general, the constraints of any given mission
and the way programs are currently funded
sharply limit the ability of any one program to
make much headway toward increasing access
and logistical reach. A pioneering organization
should have the authority and the breadth of
vision to pursue technology that creates multiple
opportunities for further efforts.
Finally, debris removal can be considered a form
of access improvement. While the likelihood
of any specific mission to the rest of the Solar
System being hit by space debris is very low,
it is a possibility. Debris considerations can
be treated as a form of added cost, effectively
reducing the affordability of access to all space
beyond the Earth’s atmosphere. Efforts such as a
Code of Conduct intended to limit debris creation
would certainly be in the interest of a pioneering
organization.
Access: Scientific Exploration
The scientific and academic communities are
critical to the pioneering process because they
are the first customers for pioneering. From a
strict pioneering perspective, science missions
are helpful only insofar as they gather information
necessary to pursue further pioneering activities.
Further, some destinations are so inaccessible or
inhospitable that they preclude any economically
self-sustaining development. However, if a

government or other organization is interested in
obtaining some data and is willing to pay for the
mission, then the business case for going to that
destination can be considered closed, at least for
that mission.
The surface of Venus is incredibly inhospitable,
with temperatures of 870° F (470° C) and an
atmosphere of carbon dioxide and sulfuric acid
clouds that is almost 90 times greater than
normal atmospheric pressure on the Earth’s
surface. This is not a good candidate for a selfsustaining, commercially
viable presence as we
Science
know it today. Yet, if a
government wants to
often drives
send a lander to the
access and
surface of Venus, then it
therefore can
has created a demand
for that capability. Even
help promote
if further exploration
pioneering in
there never occurs, the
general.
process of developing
the technology and
capability to meet the demands of even one
mission can push technological advances that
improve capabilities for the entire pioneering
enterprise.
The Space Telescope Science Institute (STScI)
provides a good example for the relationship
between science and pioneering. Although
NASA is responsible for the development of the
telescopes, such as the Hubble Space Telescope
and the James Webb Space Telescope, it is not
responsible for producing astronomy. STScI
oversees the allocation of time to astronomers
and the processing of observational data. As the
use of space becomes more ubiquitous, endusers will become better able to set requirements
and guide the acquisition of their own telescopes
independent of NASA.
Access: Handoff and Transition
In the Pioneering Doctrine, the role of a pioneering
organization is to learn how to do useful and
worthwhile things at some destination, after which
the pioneer hands off operational responsibility
to others. Transition can mean shifting an activity
to another public entity or to the private sector.
In some cases, it involves privatizing an agency
activity to build capacity in the private sector and
reduce expenses for the pioneering agency itself.
Other times, it involves capacity building within
both government and the private sector.
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The challenges of transition are so critical that it
is discussed as a discrete phase of pioneering, as
well as a component within each phase.
The ability to send things into space is the single,
irreducible requirement for being a spacefaring
nation. Payload launch has a complex history
in the United States; contracting, privatizing,
commercializing, and many other approaches
have been evaluated at length. Launch has
steadily progressed from being a government
responsibility to being dependent upon the private
sector, so that the nation now substantially relies
on contractors.
One program that has been the subject of great
interest and speculation is NASA’s Commercial
Crew Integrated Capability (CCiCap) program,
which transfers responsibility for transporting
ISS crew and cargo to the commercial arena.
Although the final outcome of this effort remains
to be seen, this change in procurement model
could reduce the cost of access to orbit
significantly, which could result in a sharp
increase in space activity, paving the way for
much greater utilization of cislunar space.

Exploration
The second phase of the pioneering process
model is exploration: “to make or conduct a
systematic search.” While the access phase is
a question of logistical capability, exploration
is concerned with learning about a destination,
thereby making it possible to effectively plan
subsequent missions. With sufficient exploration, it
becomes possible to increase the affordability and
profitability of maintaining a presence to the point
where a business case can be closed.
One example of this
type of exploration is
the targeted search
for water on the
Moon, which would
affect the affordability
of a long-term
human presence.
Finding water at any
destination in the
Solar System means that it might harbor life, which
is of interest to scientists and thus represents a
potential increase in value at that destination.
Either way, exploration yields a benefit.

Exploration is
a process of
discovery to
ascertain risks
and opportunities
at a destination.
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Exploration: Technology Development
The exploration phase is not necessarily a
primary focus for technology development. The
information gathered is mostly used to help guide
future requirements for access. In some cases,
the logistical demands of exploration can advance
pioneering technologies, as demonstrated in
the entry, descent, and landing technologies
developed for spacecraft on the Martian surface.
Exploration: Scientific Exploration
In the exploration phase, science and basic
research can play a vital role in pioneering.
Exploration is already a sustainable activity insofar
as governments are willing to pay for science
missions. The scientific community is an important
trailblazer for pioneering efforts. However, there
is a significant risk that the space agency could
become so involved with advancing the interests
of the scientific community that it neglects its
broader pioneering activities.
While the scientific community can be among the
first to open up a destination, its ability to sustain
demand for access to a destination is limited by
the funding available that year. A pioneering space
program should do its best to shift funding away
from exclusive reliance on the government to a
broader economic foundation, which will then open
the door for further science.
Not all research must be applied research; there
is value in basic research, and observations
can often be used in multiple circumstances.
For example, the Kepler mission’s search for
extrasolar planets is a basic research mission,
but the data yielded from watching the brightness
of a vast host of stars has given astronomers the
ability to draw comparisons with the Sun. The
pattern of behavior observed in these stars can
help to inform planning requirements for radiation
protection of astronauts as they travel within the
Solar System. Thus, the Pioneering Doctrine can
provide a narrative context for what might appear
to be a basic research mission, provided the larger
pioneering focus is also maintained.
Exploration: Handoff and Transition
Over time, it will be progressively easier for
some types of scientific exploration activities
to reside within other parts of government
or academia. Beyond that, some of the
privatization models for access could yield
similar exploration options. For example, NASA
recently offered to purchase observations and
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data from Google Lunar X PRIZE participants,
who are planning to send small rovers to the
surface of the Moon in the next several years.
In a roundabout way, NASA is privatizing this
element of its exploration program.
Another interesting case is that of Planetary
Resources, a company that plans to launch a
number of telescopes to find asteroids throughout
the Solar System with the intention of later
harvesting their resources. In this instance, a
private sector organization intends to gain a
first-mover advantage as utilization become less
expensive and more profitable. This is unusual in
space but has become the norm for many kinds
of mining industries on Earth, where geologists
explore systematically for resources far in advance
of the development of the infrastructure needed to
support mining operations.

Utilization
The third phase of pioneering is utilization,
which involves determining how to exploit and
use the resources at a destination. There is a
certain degree of overlap with the exploration
phase. For example, information gained about
the composition of Martian soil would be helpful
in the later construction of structures made from
concrete. As in the exploration phase, utilization
requires a substantial increase in logistical support
at a destination.
The utilization phase can involve a great deal of
work on Earth, in much the same way that the
exploration phase involves the analysis and study
of information returned from space. For example,
Earth-based studies about extracting oxygen from
lunar soil or the feasibility of helium-3 fusion can
be considered utilization activities.
The goal of utilization is to retire technical risks
and to demonstrate the kinds of activities that
are possible in order to transition them away
from the pioneering organization. For example,
the ISS represents a mix of exploration and
utilization activities for a pioneering organization,
as well as a case in which the space agency is
an implementing agency. Some activities are
basic research on astronaut health that could be
considered essentially exploratory. In other cases,
efforts are dedicated to making in-space research
commercially viable, as was seen recently with the
study of gene expression in salmonella bacteria.40

The utilization
phase increases
demand for
space activity,
enabling further
activity to be
economically
self-sustaining.

In different instances,
research aboard the
ISS is being carried out
at the behest of some
other group and is not
part of the pioneering
mission, as implied
with the designation of
the ISS as a national
laboratory.

The utilization
phase is the first of
two phases focused
on increasing demand for more space activity,
enabling pioneering to become self-sustaining
and reducing its reliance on government
funding. In this phase, activities are valued not
necessarily for what they yield immediately, but
for the future pathways they open.
Utilization: Technology Development
The utilization phase is heavily focused on
technology development and maturation. While
technology can be created to meet specific needs,
utilization also tends to push technology to find
new purposes. An example is the increasing
complexity of robotic arms aboard the ISS. The
arms were not designed to carry out some single,
specific mission, but rather to provide a broad
capability to do many things in space. With the
arms now in place and operational, the focus is
on finding more ways to use their capabilities to
support other activities.
Other areas for investigation include 3-D printing
and laser sintering on the ISS, which will allow the
crew to make new tools and replacement parts.
This will improve the affordability and sustainability
of activities on the ISS and open up the range of
possible future opportunities, some of which may
increase both the affordability and value of the
station.
A potential difference between exploration
and utilization is one of scale. An exploration
mission might yield a single sensor or apparatus,
but that might not be adequate for the largescale utilization necessary for a self-sustaining
presence. For example, the Mars Phoenix lander
carried the first wet-chemistry laboratory to the
Martian surface. However, the ability to carry out
a few experiments is vastly different from the
industrial-scale utilization needed for
in situ propellant production.
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Utilization: Scientific Exploration
There are four types of research (basic or applied)
during the utilization phase: research that primarily
leads to further scientific research, research
that leads to economically valuable activities on
the ground, research that leads to economically
valuable activities in space, and research in
service of pioneering.
The first type is usually carried out in the pursuit
of science for its own sake. From a pioneering
perspective, this is an appropriate utilization
activity only if the point is to get other parts
of government to sponsor and pay for further
research in space. The hope that unfocused basic
research might eventually produce some benefit
is insufficient on its own to make untargeted
research a pioneering priority.
The second type of research has a much
stronger focus on Earth-based applications and
is occasionally claimed by both the science and
applications communities as an example of the
value of their respective approaches. It generates
commercially valuable information that does
not require further use of space to capitalize on
this discovery. This kind of research has mixed
implications for the Pioneering Doctrine; the return
on investment can be very high, but the discovery
does not directly stimulate increased use of space
and therefore is not strictly a pioneering activity.
The third type of science research leads to
further demand for space. A prime example
was Telstar, which taught the United States a
great deal about satellite telecommunications
and effectively stimulated demand for an entire
commercial satellite industry. The resulting
applications have changed the world through
improved telecommunications, Earth observation,
and positioning, navigation, and timing. The next
challenge is to determine other ways in which
space can be exploited effectively.
The last type of utilization research is specifically
pioneering-oriented. There are many unresolved
scientific questions, particularly about the effect
of space on living organisms, which affects the
ability to send people to destinations throughout
the Solar System. This kind of research does
not necessarily have commercial applicability (a
notable exception being the study of bone loss)
and would be more difficult to transfer elsewhere
in government or academia. However, it directly
supports the pioneering mission and should be
supported by a pioneering organization.
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Utilization: Handoff and Transition
Transition in the utilization phase is rather
straightforward. Utilization can generate
standalone products that are commercially viable
and therefore of interest to the private sector.
The pioneering organization can also hand the
utilization process over to other entities. It is the
role of the pioneer to build the capacity within
other government agencies, academia, and the
private sector so that they can conduct more of
their own research. Ultimately, the pioneering
organization must cease to be an implementing
agency for these customers in order to conserve
its resources and focus attention on its core
pioneering mission.
Support for commercially funded research is
another type of transition. In the past, there were
discussions between Energia and Boeing about
the development of an Enterprise Module, which
was to be a commercially financed and operated
module attached to the ISS. More recently,
Bigelow Aerospace’s inflatable modules represent
an opportunity for commercially funded research in
space. In some cases, the pioneering agency may
privatize some of its own engineering and scientific
research in a manner similar to the privatization of
certain exploration activities.

Transition
Handoff and transition activities occur throughout
the pioneering process, but the transition process
is so essential that it bears special consideration.
Failure to follow through with the transition
phase leads directly to the problems described
in Chapter 4 that occur when the space agency
is organized for the conduct of all activities in
space. In some respects, it is difficult to discern
NASA’s purpose today because the agency has
not transitioned enough activities and therefore
continues to split its focus among the many
different fields it helped develop. Advocates of
new commercial launch programs have tried to
address this issue to some extent, but stimulation
of the supply of access to space without efforts
to increase the demand for space may make it
difficult to fully realize those aspirations.
From a business perspective, several categories
of risk may prevent self-sustaining development,
including logistical, business, technological, and
regulatory risk. The role of the pioneering agency
is to reduce risks that hinder transition to the fully
self-sustaining development of a destination.

Pioneering: Sustaining U.S. Leadership in Space

This could include managing intellectual property,
establishing a regulatory framework, managing
property rights, and a wide range of other activities.
If the use of space is to be promoted and expanded,
NASA’s budget will either need to increase
accordingly or
continually refocus
As the use of
on pioneering. The
space increases,
record over the
past four decades
NASA will need to
suggests that large
continually refocus
funding increases
on pioneering by
are unlikely, requiring
spinning off mature
NASA to become
more effective
capabilities to other
at transitioning
public entities or
tasks when it can.
the private sector.
Otherwise, the
agency will have
to split its budget into smaller and smaller slices to
keep up with increasing demands and expanding
roles, jeopardizing its new focus and clear sense
of mission.
NASA already acts as an implementing agency
for space tasks elsewhere in government, such as
the development of advanced Earth observation
sensors. As the use of space increases, NASA
will need to transition more and more of those
responsibilities to the “customer” agencies. For
example, if NASA data is used to help monitor
pollution, then the regulating agency will need
to develop a greater capacity to obtain that data
on its own, first through joint programs, then by
building up capacity so that it can eventually take
responsibility for the process. In cases where it is
not possible for another agency to fully manage its
own space activities, NASA should carry out the
work only if supported by direct transfer payments
from elsewhere within government. Otherwise,
NASA will be unable to satisfy the ultimate goal of
being a pioneer on the vast frontier of space.
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C h a p ter 6 – S t r a t e g i c R e c o m m e n d a t i o n s
Chapter 4 describes the attributes and benefits of
a clear, singular purpose for a space program. The
Space Foundation recommends that NASA adopt
the Pioneering Doctrine, which is elaborated upon
in Chapter 5. A number of changes will be required
to implement this doctrine, and they must address
NASA’s organizational culture.
The first step is to amend the Space Act to clear
out extraneous tasks remaining in statute. Once
the legal framework has been rebalanced, the
national civil space enterprise can be restructured.
Tasks that are not part of NASA’s pioneering
mandate should be divested, and the core
capabilities and facilities retained by NASA should
be aligned with the pioneering purpose. Finally,
purely operational systems and processes that can
be successfully commercialized, should be.
As elements not essential to its core tasks are
trimmed away, NASA will require the ways and
means to ensure its own stability—in particular
to provide for the management, planning, and
budgetary stability needed to insulate the agency
from political changes that have too often led
to wasteful and damaging program and budget
changes. Such measures include altering the
means of selecting and retaining top NASA
leadership, the responsibilities assigned to NASA
for long-term planning, and the ways in which
NASA’s plans are debated and introduced to the
rest of government.
With these large-scale issues out of the way, the
NASA Administrator will be in a much stronger
position to aggressively tackle the managerial
and procedural issues that hinder NASA. With
the agency unchained and on a clear path to the
future, it becomes possible to reasonably address
the questions of appropriate funding.

Recommendation 1: Amend the
Space Act
The 1958 Space Act should be amended to
provide NASA with a clearly defined purpose
that can be used to focus the agency’s work
and guide its restructuring efforts.
The 1958 Space Act (with its later amendments)
is the implementing legislation that created NASA
in the wake of the Soviet launch of Sputnik. The
legislation was patterned on the law that created
the Atomic Energy Commission.29 The individuals
who helped draft the legislation sought to provide
maximum flexibility so that nothing in the language
of the law could impair or impede NASA and the
U.S. response to the Space Race.41,42 Later, after
the end of the Apollo program in 1972, the Space
Act was amended to broaden the NASA mandate
further and provide additional reasons to support
its existence.
An unfortunate consequence of these actions is
that the broadness of the Space Act has converted
once-helpful flexibility into conflicting direction. The
2011 NASA Strategic Plan has vision and mission
statements as follows:
NASA Vision:
To reach for new heights and reveal the unknown,
so that what we do and learn will benefit all
humankind.
NASA Mission:
Drive advances in science, technology, and
exploration to enhance knowledge, education,
innovation, economic vitality, and stewardship
of Earth.43
It is telling that neither the NASA vision nor
mission actually mention the word “space.”
Further, the document contains 22 strategic goals
split among six categories. In testimony, current
NASA Administrator Charlie Bolden was asked
how he would prioritize these goals in relation to
one another, to which he replied that he didn’t
because they were all important. In his testimony
on March 3, 2011, Bolden stated “I believe NASA’s
core mission is unchanged since the 1958 Space
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Act.”44 Indeed, that mission has not changed,
and consequently no NASA Administrator can
effectively prioritize among 22 strategic goals. By
law, NASA is compelled to be a jack-of-all-trades;
it should come as no surprise that the agency
appears master of none.
To clear the path and enable the Administrator and
the agency to utilize the body of knowledge that
has built up over the past half century, the problem

must be addressed at its source: the Space Act.
The following changes are provided not as a
comprehensive recommendation, but as a starting
point for future discussion.
The first part of the Space Act, Section 20102,
is the Congressional declaration of policy and
purpose. While some of these objectives remain
useful and applicable, others should be replaced
as follows:

1958 Space Act, as amended:

Proposed Revisions:

(Proposed deletions in red)

(New or rewritten text in blue)

(d) Objectives of Aeronautical and Space
Activities. – The aeronautical and space
activities of the United States shall be
conducted so as to contribute materially to
one or more of the following objectives:

(d) Objectives of Aeronautical and Space
Activities. – The aeronautical and space
activities of the United States shall be conducted
so as to contribute materially to one or more of
the following objectives:

(1) The expansion of human knowledge
of the Earth and of phenomena in the
atmosphere and space.

(1) Expansion of the human sphere of
influence throughout the Solar System.

(2) The improvement of the usefulness,
performance, speed, safety, and efficiency
of aeronautical and space vehicles.

(2) To be among those who first arrive at
a destination in space to open it for
subsequent utilization and development
by others.

(3) The development and operation of
vehicles capable of carrying instruments,
equipment, supplies, and living organisms
through space.

(3) To create and prepare infrastructure
precursors in support of the future
utilization and development of space
by others.

(4) The establishment of long-range studies
of the potential benefits to be gained from,
the opportunities for, and the problems
involved in the utilization of aeronautical
and space activities for peaceful and
scientific purposes.

(4) The making available to agencies
directly concerned with national
defense of discoveries that have
military value or significance, and the
furnishing by such agencies, to the
civilian agency established to direct
and control nonmilitary aeronautical
and space activities, of information
as to discoveries which have value or
significance to that agency.

(5) The preservation of the role of the United
States as a leader in aeronautical and
space science and technology and in
the application thereof to the conduct of
peaceful activities within and outside the
atmosphere.
(6) The making available to agencies
directly concerned with national
defense of discoveries that have
military value or significance, and the
furnishing by such agencies, to the
civilian agency established to direct
and control nonmilitary aeronautical
and space activities, of information
as to discoveries which have value or
significance to that agency.

(5) Cooperation by the United States with
other nations and groups of nations
in work done pursuant to this chapter
and in the peaceful application of the
results thereof.
(6) The most effective utilization of the
scientific and engineering resources of
the United States, with close cooperation
among all interested agencies of
the United States in order to avoid
unnecessary duplication of effort, facilities,
and equipment.
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1958 Space Act, as amended:

Proposed Revisions:

(Proposed deletions in red)

(New or rewritten text in blue)

(7) Cooperation by the United States with other
nations and groups of nations in work done
pursuant to this chapter and in the peaceful
application of the results thereof.
(8) The most effective utilization of the scientific
and engineering resources of the United
States, with close cooperation among all
interested agencies of the United States in
order to avoid unnecessary duplication of
effort, facilities, and equipment.
(9) The preservation of the United States
preeminent position in aeronautics and
space through research and technology
development related to associated
manufacturing processes.
Immediately following, Section 20102 specifies certain research tasks. Section 20102(f) can be
removed in its entirety, while Section 20102(e) should be rewritten to encompass the four elements
of the Pioneering Doctrine, so as to further focus NASA’s activities. Appropriate language might look
something like this:

1958 Space Act, as amended:

Proposed Revisions:

(Proposed deletions in red)

(New or rewritten text in blue)

(e) Ground Propulsion Systems Research and
Development.—Congress declares that the
general welfare of the United States requires
that the unique competence in scientific and
engineering systems of the Administration
also be directed toward ground propulsion
systems research and development. Such
development shall be conducted so as to
contribute to the objectives of developing
energy and petroleum-conserving ground
propulsion systems, and of minimizing the
environmental degradation caused by such
systems.

(e) Congress declares that the general welfare
of the United States requires that the unique
competence in scientific and engineering
systems of the Administration also be
directed toward the pioneering of space.
Such competence shall be conducted so as
to contribute to the objectives of increasing
access to destinations in space, exploring
the possible options for development at
these destinations, demonstrating the
engineering feasibility of development, and
transitioning those activities to other parts of
government or the public as a whole.

(f) Bioengineering Research, Development,
and Demonstration Programs.—Congress
declares that the general welfare of the
United States requires that the unique
competence of the Administration in science
and engineering systems be directed
to assisting in bioengineering research,
development, and demonstration programs
designed to alleviate and minimize the
effects of disability.
It may be worth adding further language to explain how pioneering is intended ultimately to support
the American industrial base and activities such as science, but that those activities are not the
primary concern of the space program.
42

Pioneering: Sustaining U.S. Leadership in Space

Regarding definitions, there are some careful distinctions that must be made to capture the core purpose
of the space program. The relevant part of the Space Act is Section 20103: Definitions, which should be
modified to provide a way of bounding the domain of NASA’s responsibilities to places it can reasonably
be expected to reach and for which it can develop infrastructure:

1958 Space Act, as amended:

Proposed Revisions:

(Proposed deletions in red)

(New or rewritten text in blue)

Sec. 20103. Definitions
In this chapter:

Sec. 20103. Definitions
In this chapter:

(1) Aeronautical and space activities –
The term “aeronautical and space activities”
means –

(1) For the purposes of this Act, the term “space”
means the domain beyond the Earth’s
atmosphere that is potentially amenable
to investigation and manipulation through
physical contact and can reasonably be
described as something that could be
incorporated into humanity’s potential sphere
of influence.

(A) research into, and the solution of,
problems of flight within and outside the
Earth’s atmosphere;
(B) the development, construction, testing,
and operation for research purposes of
aeronautical and space vehicles;
(C) the operation of a space transportation
system including the space shuttle,
upper stages, space platforms, and
related equipment; and
(D) such other activities as may be required
for the exploration of space.
(2) Aeronautical and space vehicles –
The term “aeronautical and space vehicles”
means aircraft, missiles, satellites, and other
space vehicles, manned and unmanned,
together with related equipment, devices,
components, and parts.

(2) Aeronautical and space activities –
The term “aeronautical and space activities”
means –
(A) research into, and the solution of,
problems of flight to or from space
through the Earth’s atmosphere;
(B) research into, and the solution of,
problems of flight beyond the Earth’s
atmosphere;
(C) the development, construction, testing,
and operation for pioneering purposes of
aeronautical and space vehicles; and
(D) such other activities as may be required
for the pioneering of space.
(3) Aeronautical and space vehicles –
The term “aeronautical and space vehicles”
means aircraft, missiles, satellites, and other
space vehicles, manned and unmanned,
together with related equipment, devices,
components, and parts.
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Next is Section 20112, which deals with the functions of the Administration. All of Section 20112 (b) on
“Research and Development in Certain Technologies” should be removed because it is not applicable to
pioneering. The remainder of the Section can be amended as follows:

1958 Space Act, as amended:

Proposed Revisions:

(Proposed deletions in red)

(New or rewritten text in blue)

Sec. 20112. Functions of the Administration
(a) Planning, Directing, and Conducting
Aeronautical and Space Activities. – The
Administration, in order to carry out the
purpose of this chapter, shall –
(1) plan, direct, and conduct aeronautical and
space activities;
(2) arrange for participation by the scientific
community in planning scientific
measurements and observations to be
made through use of aeronautical and
space vehicles, and conduct or arrange
for the conduct of such measurements
and observations;
(3) provide for the widest practicable and
appropriate dissemination of information
concerning its activities and the results
thereof;
(4) seek and encourage, to the maximum
extent possible, the fullest commercial use
of space; and
(5) encourage and provide for Federal
Government use of commercially provided
space services and hardware, consistent
with the requirements of the Federal
Government.
(b) Research and Development in Certain
Technologies.–
(1) Ground propulsion technologies.–The
Administration shall, to the extent of
appropriated funds, initiate, support, and
carry out such research, development,
demonstration, and other related activities
in ground propulsion technologies as are
provided for in sections 4 to 10 of the
Electric and Hybrid Vehicle Research,
Development, and Demonstration Act of
1976 (15 U.S.C. 2503 to 2509).
(2) Solar heating and cooling technologies.–
The Administration shall initiate,
support, and carry out such research,
development, demonstrations, and other
related activities in solar heating and
cooling technologies (to the extent that
funds are appropriated therefor) as are
provided for in sections 5, 6, and 9 of the
Solar Heating and Cooling Demonstration
Act of 1974 (42 U.S.C. 5503, 5504, 5507).

Sec. 20112. Functions of the Administration
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(a) Planning, Directing, and Conducting
Aeronautical and Space Activities. – The
Administration, in order to carry out the
purpose of this chapter, shall –
(1) plan, direct, and conduct aeronautical
and space activities;
(2) arrange for participation by those
who may be future developers of
space destinations in planning for
measurements and observations to be
made through use of aeronautical and
space vehicles, and conduct or arrange
for the conduct of such measurements
and observations;
(3) provide for the widest practicable
and appropriate dissemination of
information concerning its activities and
the results thereof;
(4) seek and encourage, to the maximum
extent possible, the fullest commercial
use of space; and
(5) encourage and provide for Federal
Government use of commercially
provided space services and hardware,
consistent with the requirements of the
Federal Government.
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The other changes suggested throughout this
chapter would also involve amending the Space
Act as appropriate. In the interests of brevity,
language will not be suggested for those changes.

Recommendation 2:
Streamline the National
Civil Space Enterprise
Ensure continuity of existing U.S. civil
space capabilities while NASA restructures
itself to implement the Pioneering Doctrine.
Identify redundant or obsolete infrastructure
that can be decommissioned to save costs.
Work with industry to commercialize routine
operations wherever possible on the basis
of performance and cost.
NASA carries out a number of activities valuable
to the United States that the government should
continue doing. One of the motivations for the
proposed changes is to reduce the number of
different constituencies that NASA has had to
juggle for the past half century. This problem is
further compounded by the fact that many NASA
activities satisfy outside groups that already split
their own efforts among different agencies and
congressional committees. Once the Space Act is
amended to lay out a clear and focused purpose, it
will be necessary to identify the parts of NASA that
do not fit that mandate and either eliminate them
or transfer them elsewhere.
There are three elements to streamlining agency
operations after amending the Space Act. The first
is divesting NASA of missions and activities that
are important for the country to keep but would be
better situated somewhere else in government.
The second aspect is helping NASA get rid of
excess capacity that continues to drain resources.
The third is taking advantage of commercialization
to move additional activities into the private sector.

broadest details are covered here. The overall
objective is to combine similar activities. Although
research functions such as aviation safety
and automotive propulsion destabilize NASA’s
organizational focus, they may fit quite well under
a different agency. For example, the Department
of Energy already has a robust automotive
propulsion technology program, and moving
NASA’s automotive research grants to DoE may
serve to reduce unnecessary duplication. Similarly,
it is hard to construct a reasonable argument to
support the idea that environmental monitoring
with weather satellites and ground-based stations
should be kept separate from other space-based
Earth observation activities (along with all the
additional costs this entails). Preventing agencies
other than NASA from developing their own
capabilities is not a sensible way to manage the
national civil space enterprise.
To ensure the correct transition decisions are
made and to minimize disruption, the Space
Foundation recommends that the divestiture
process start with a one-year study period to
determine which responsibilities will ultimately
reside elsewhere in government and how the
transition process can be addressed. At the oneyear point, the funding for those portions of the
national civil space enterprise that are moving
would then transfer to their new homes. Initially,
this would involve a simple pass-through in which
activities are funded through appropriations made
to the future home of that agency, which then pays
for ongoing activities at NASA.
In this way, the biggest change that the people
most affected would initially see would be a
change in email address and ID badges. As the
receiving agency acquires more familiarity with
operations, and as NASA works on capacity
building within government, the receiving agency
takes over more of the direct management
responsibility for the activities and infrastructure.
For many agencies, much of this process could be
fully completed within a few years of amending the
Space Act.

Realign the National Civil Space
Enterprise
Focusing NASA’s purpose raises the question
of what happens to activities not covered under
the Pioneering Doctrine. This is a delicate public
administration challenge, and the specifics will
differ dramatically from case to case, so only the

Strategic Recommendations

45

One can imagine, for example, NASA and
NOAA operating as sister flagship agencies, one
pioneering the heavens and the other focused on
stewardship of the Earth. Other cases, such as
aeronautics research, might lead to a different set
of options. Perhaps some of the research work
on technologies for programs such as the Next
Generation Air Transportation System should go
directly to the FAA, capitalizing on that agency’s
increasing role as a research, development,
test and evaluation (RDT&E) manager, while
the nation’s wind tunnels could be managed as
Federally Funded Research and Development
Centers (FFRDCs). Some types of aeronautics
research, in areas such as hypersonics, can play
a role in improving access to space and would
probably remain within NASA.
Some discussion in recent years has implied that
certain NASA centers were warming to the idea
of an FFRDC structure.45 Indeed, while many
consider the Jet Propulsion Laboratory
to be a NASA Center, it is actually an FFRDC.
NASA should be encouraged to explore that option
while recognizing that it is not going to
be easy to convert centers to FFRDCs, and this is
not necessarily a solution for all, or even
most, cases.
In other cases, such as the transition of certain
astrophysics and cosmology missions to entities
such as the National Science Foundation (which
already oversees a number of the nation’s
ground observatories), it could take decades
for the receiving organization to fully assume
the responsibility for such missions. The use of
hybrid organizations such as the Space Telescope
Science Institute would be invaluable as an interim
option.
Space is used throughout the government, so
it is time for non-NASA users of space products
and services in the public sector to learn how
to manage these efforts on their own. This
recommendation is an extension of one of the
key findings of the 2002 Final Report of the
Commission of the Future of the United States
Aerospace Industry.46 It is important to transplant
these programs to their new homes quickly to
ensure that capabilities are maintained throughout
the process.
There is some concern about the ability of other
parts of the U.S. government to take ownership of
the business of procuring and managing satellites
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or operating advanced research and development
capabilities. However, it is important to remember
that NACA, which formed the early core of NASA,
had virtually no ability to build launch vehicles
or satellites until parts of the Army, Navy, and
Air Force had been transferred over. It may be
necessary to use similar measures to help other
parts of government fully contribute to the national
civil space enterprise—in this case, NASA would
be the one building capacity in other agencies.

Rationalize Existing Infrastructure
The second element of restructuring the national
civil space enterprise is consolidating and trimming
unused and excess infrastructure and capital
assets. As a former NASA Administrator noted in
a recent hearing, “There is too much institution for
the program, and there is too much program for
the budget.”45 There is a point at which decisionmakers must distinguish between supporting a
space program and archiving the infrastructure
that could conceivably be used to support a space
program.
There are three critical points to emphasize about
streamlining NASA. The first is that the exercise is
not to “punish” some parts of NASA and get rid of
them. NASA carries out many worthwhile activities
that the U.S. government should continue to
support. The question is whether those activities
belong elsewhere within the national civil space
enterprise, or whether they belong at NASA.
The second point is that it is neither reasonable
nor necessary to close entire centers, provided
that centers can effectively shed their excess
infrastructure as has been done with some of the
old space shuttle facilities. While some centers
may eventually become primarily the responsibility
of a different agency based on specific areas
of expertise, none need be closed outright. The
third point is that a principal function of the entire
exercise is not to just close down buildings, but to
engage with and get the buy-in of the agency as a
whole for the new pioneering mission.
The number of NASA centers is relatively low to
begin with, so it makes more sense to reduce
footprint at a granular level than to focus on
closing entire centers. This is something that
has been discussed within NASA and by other
parts of government (such as the Government
Accountability Office) for many years.
Recommendations in recent years have set a
fixed percentage of assets, described by their
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total current replacement value, as a target for
reduction within a specific time frame. A similar
overall concrete goal would be a good benchmark
for planners to use.
It will be much easier to pursue this task if
NASA has better positive incentives to cut its
infrastructure. Currently, NASA cannot recover the
costs for decommissioning something even if it
results in revenue for the U.S. government. Some
agencies, such as the Department of State and
the DoD, can keep the proceeds from the sale of
excess property without even needing to have the
funds returned to them through appropriations.47
If NASA centers are able to keep the proceeds of
sales, they would be more likely to get rid of some
older facilities to pay for upgrades or maintenance
on the facilities they keep.
An obstacle to trimming facilities in a fair and
equitable manner is that the centers all use
different standards and language to keep track of
their property. Based on experiences elsewhere
in government, it will be most effective to conduct
a facilities audit with independent commissioners
who will be able to manage some of the trades
between centers and act as a neutral evaluator.
As with previous similar efforts, the independent
commissioners would present their plan to the
President and then Congress as a package. This
package would be voted on in its entirety, so as
to share responsibility for the consequences of an
audit and to compel people to make choices, even
if those choices are difficult.
The inclusion of incentives and independent
commissioners is geared toward establishing
buy-in for the pioneering mission. Center directors
have learned the hard way that a good-faith effort
to reduce facilities can become a trap if priorities
change and a retired piece of hardware is needed
again. Furthermore, if a center director gets rid of
something during one cost-cutting initiative, it does
not necessarily buy easier terms during the next
round—in fact, it simply reduces the number of
things to choose among in future cutbacks.
Part of the reluctance to streamline and
consolidate is addressed through the use of
incentives. Making all the cuts at the same time
across the agency, decided by an up or down vote,
with the approval of senior political leadership,
changes the psychological mechanics of the
process. The consolidation process becomes
a form of buying into NASA’s new purpose

through an act of sacrifice. This buy-in would be
shared throughout the agency, in the centers, in
Congress, in the local communities, and in the
Executive Branch. In much the same way that
spring cleaning can have a therapeutic value in the
home, consolidation could have a positive effect
on the NASA culture.

Pursue Further Commercialization
There are a number of references to the use of
commercial capabilities throughout the Space Act.
Some of this language is tied to the more recent
development efforts for commercial cargo and
crew capability, while other parts have a history
that goes back to conversations about privatization
in the 1980s and 1990s, which are preceded by
seminal studies such as the 1962 Bell Report.48
Other examples, such as the establishment of the
Comsat Corporation, go back to the earliest years
of the Space Age.
NASA has a great deal of experience in
commercialization over the years, but spinning
off fully operational activities to the private sector
is so critical to the Pioneering Doctrine that
NASA must become an expert at conducting the
process on a regular basis. Failure to manage
commercialization properly would hinder a
critical part of the transition phase of pioneering.
There are innumerable options for different
ways to privatize, commercialize, or implement
a bewildering array of public-private partnership
options. Although this has been a subject of
attention at NASA for many years, there are not
yet any sure-fire solutions.
Discovering better ways to manage this process
could be a slow and arduous process, so it
is more imperative than ever that lessons be
captured, internalized, and integrated into a body
of sustainable institutional knowledge. Important
lessons and useful procedures have come
about as a result of the creation of United Space
Alliance (the contractor for much of NASA’s
human spaceflight operations), as well as the
Commercial Orbital Transportation Services
program and ongoing CCiCap effort. It would be
irresponsible to let the lessons of those hardearned successes slide away.
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One useful approach would be for NASA to
issue a Request for Information (RFI) or even a
Request for Proposals (RFP) from the industry
to see which existing operational activities can
be moved into the private sector. For every
activity NASA has not yet transferred, it must
be asked whether the activity needs additional
development and maturation or if it is sufficiently
operational. For those that are fully operational
but not transferred, the agency must be asked
if this is the best use of NASA’s exceptional
capabilities. If not, then those things ultimately
consume resources that should be used in
pursuit of NASA’s primary pioneering mission.

Recommendation 3: Stabilize
NASA Leadership and Planning
Stabilize management by instituting a
regular term of service for the NASA
Administrator that enables him/her to chart
a strategic, politically independent course
of action. NASA will formalize its longterm planning process and use that plan to
engage the broader spaceflight constituent
community.
One of the problems that has plagued NASA for
decades is the prospect of managing projects
that take years to complete, utilizing architectures
that take decades to unfold. This challenge is
compounded by a volatile political climate that
shifts directions and plans without warning
and with no expectation that today’s vision will
prevail or that the decision-makers will be held
accountable in the future. Many have argued
that NASA simply needs “better leadership.”
A call for better leadership with no changes to
support the leader is not a helpful conclusion or
recommendation, so this report provides NASA
leadership with better tools to carry out the
agency’s mission more effectively.
Establishing a clear mandate for NASA and
restructuring the agency accordingly can create
a more effective, stable, purpose-focused, and
strategic NASA leadership model. The NASA
Administrator should be focused solely on the
main purpose of the agency, able to freely choose
among legitimate and viable technical options
when determining how NASA can best meet its
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objectives. However, introducing these broader
changes without providing stability runs the risk
of taking what could be a more empowered
Administrator and a very focused agency and
simply letting it devolve into arcane squabbles
over the finer points of space exploration.
There are several options that can be
implemented to encourage stability and buyin. The first is changing the terms under which
the NASA Administrator serves. Giving the
Administrator a fixed term and decoupling the
term of the NASA Administrator from changes in
leadership in the Executive Branch will help bring
continuity to the effort. Second, requiring NASA
to provide ongoing, regular updates on its overall
plans and architectures will help provide a clear
sense of direction for how the agency intends to
carry out its plans. Third, introducing its plans in
an open forum to invite discussion and debate
representing various stakeholders will help create
broader support than can be readily generated by
a specific short-term study.

Create Stability for NASA Leadership
The first recommendation involves stabilizing
the office of the NASA Administrator. There are
a number of precedents for setting a term of
office for an appointed position. For example,
experience in the naval nuclear arena has shown
the merit of maintaining continuity, independent
from shifting political pressures, in some types of
senior leadership roles. The particular example
that informed this recommendation was the
appointment of the director of the Naval Nuclear
Propulsion program to an eight-year term.49
The Space Foundation recommends a five-year,
renewable term for the NASA Administrator, who
would continue to be “appointed from civilian
life by the President and with the advice and
consent of the Senate.” The Administrator could
be removed by the President for cause, but it
would no longer be custom to appoint a new
Administrator with each new presidential election
as is done with most political appointees. With a
five-year term, almost every President would have
to revisit the question of the state of the space
program and could not ignore it completely. On the
other hand, appointment of a new Administrator
would not be the default expectation or simply a
vacancy that needed filling with so many others
early in a new administration. A renewable five-

Pioneering: Sustaining U.S. Leadership in Space

year term raises the subject of NASA regularly
while providing some degree of protection from
the buffeting of the political winds and also serves
to preclude gaps between Administrators (which
have ranged from six to seven months in the past,
most recently for six months in 2009).
It is also possible to include a requirement that
any prospective Administrator adhere to the role
set forth in the Space Act. Language can also be
added to specify that the Administrator could be
dismissed if some critical number or percentage
of projects breach Nunn-McCurdy-like limits.*
The object of increasing stability is to enable
Administrators to use the Pioneering Doctrine
to change the agency’s internal culture and
implement an effective, results-oriented program.
Administrators who achieve success in this
endeavor should then be retained if possible.
The Space Foundation also recommends that
the Administrator, rather than the President, be
made responsible for nominating the Deputy
Administrator (for appointment by the President
with the advice and consent of the Senate).
The operation and management of NASA are
sufficiently demanding that close cooperation
and unfettered communication between the
Administrator and Deputy Administrator are
essential. An Administrator should have a strong
influence on the selection process to ensure a
powerful working relationship.

Create Long-term Planning Process
for NASA
NASA is periodically asked to generate entire
architectures for planetary exploration on
very short notice. The process of gathering all
the information, conducting a thorough and
responsible comparison, and soliciting various
pertinent inputs cannot be done well or effectively
in 60 or 90 days.

the future. Similarly, the DoD routinely carries
out long-term planning efforts looking several
decades into the future. Although these practices
might not be directly suited to a pioneering space
program, some points are worth emulating. NASA
is frequently called upon to generate a set of
long-term strategic plans or architectures, but
the integration of that process with congressional
requests and periodic high-level commissions
is met with difficulty and can generate more
confusion than clarity.
The Space Foundation recommends that NASA
be required to maintain an ongoing long-term
plan that would be briefed to the congressional
committees of jurisdiction in both chambers of
Congress to gain their assent to the architecture.
NASA’s plans should address two time frames:
10 years and 30 years. The 10-year plan
would include many elements of a traditional
architecture, including goals, budgets, timelines,
and other concrete operational details. The
uneven pace of technology development and the
often-unexpected nature of scientific discoveries
generally make it impossible to provide concrete
details over longer time frames, yet the lack
of very long-term goals has contributed to the
feeling that NASA is not going anywhere and
lacks a sense of direction. The absence of a
long-term planning mechanism also inhibits the
start of some technology development programs,
such as space nuclear power, that will almost
certainly be needed. Thus, the second planning
component is a 30-year (or longer) plan that would
include information about goals, strategies, and
destinations. This plan would explain how all of
NASA’s current activities fit together and would
provide a way to introduce some of the larger
backbone infrastructure items that are ultimately
part of a robust pioneering program.

The DoD conducts a Quadrennial Defense Review
to inform the President every four years of the
state of the military and its available options for

*The Nunn-McCurdy Amendment or Nunn-McCurdy Provision, introduced in the United States 1982 Defense Authorization Act and
made permanent in 1983, established the Nunn-McCurdy unit cost breach that occurs when a Major Defense Acquisition Program
(MDAP) experiences an increase of at least 15 percent in Program Acquisition Unit Cost (PAUC) or Average Procurement Unit Cost
(APUC) above the unit costs in the Acquisition Program Baseline. It requires that Congress be notified if the cost per unit grows by
more than 15 percent beyond what was originally estimated, and calls for the termination of programs with total cost growth greater
than 25 percent.
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One important aspect of this planning process
would be to provide signposts for industry about
NASA’s long-term technology strategy. In a
limited-resource environment, it is not possible to
pursue all of the technologies needed to expand
the human sphere of influence throughout the
Solar System all at the same time. A long-term
conceptual framework can provide a road map
describing how, when, and why those technologies
will be developed and the order in which NASA
intends to address them. The map will help provide
clarity and continuity for those in the private sector
making long-term technology investments and will
provide a clearer rationale for acquiring specific
technologies.

Create a NASA Commission
The third measure for management stabilization
involves creating a standing commission to
debate and discuss the plan to create more
substantial agreement regarding NASA’s plans.
The decadal surveys conducted by the National
Academies have been widely praised as a good
mechanism for encouraging debate in certain
sectors of the science community to achieve a
consensus on the goals of that community over
a 10-year span. For a variety of reasons related
to different professional cultures, stakeholders,
and other factors, undertaking a similar process
at the National Academies would not be the
best mechanism for generating a consensus on
long-term pioneering plans. An ongoing public
discussion, while time-consuming, is part of
attaining buy-in and support for this particular
type of long-term effort.
The Space Foundation recommends establishing
a standing commission to review, revisit, and
validate NASA’s long-term planning. Such a
commission would have several purposes
beyond emulating the open debate seen in the
development of various decadal surveys by
the National Academies. The main objective is
to provide political leadership with insight and
confidence in NASA’s internal long-term planning
process. This would encourage political leadership
to remain focused on policy objectives and
would allow NASA leadership to stay focused on
choosing and executing the best available options
to carry out the agency’s pioneering objectives.
The commission would report to the various
congressional committees of jurisdiction and would
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be supported by NASA staff and funding. The
commission would comprise 12 members headed
by the NASA Administrator or his/her designated
representative. An evenly split vote would be
decided by the vote of the Administrator. Three of
the members would be appointed directly by the
President, four would be appointed jointly by the
majority and minority leadership of the relevant
committees of jurisdiction in the Senate, and
another four would be similarly appointed jointly
by the majority and minority leadership of the
relevant committees of jurisdiction in the House of
Representatives.
Experience with the decadal surveys carried
out by the National Academies has shown that
the process of reaching a consensus can take
several years and would require substantial
analysis and validation of different concepts
and models. To ensure some measure of
continuity, none of the appointees should
include current members of the Armed Forces
or elected officials whose time in office might
not last as long as the debate takes to unfold.
For the sake of continuity and stability, a
term length of four to five years for each
commission member is recommended, and
the commission’s membership should be
replenished on a rolling basis.
NASA would present its 10- and 30-year plans to
the commission for validation and approval every
five years, along with a report on how well NASA
was able to meet its goals and targets over the
preceding five years. This rolling process means
that every five years there would be a progress
review and an addition of five years’ worth of tasks
to the previous 10- and 30-year plans.
Although historically, some have attempted
to assert that landing an person or probe at a
destination is a “goal” in and of itself, as mentioned
earlier, simply arriving at a given destination
does not constitute an adequate goal within the
Pioneering Doctrine. Arriving at a destination is
a specific type of objective in the access phase,
but should be understood to mean that increased
access enables the pursuit of new objectives
in the exploration, utilization, and transition
phases. However, these phases all occur at one
or more destinations. Although simply getting to
a destination is not a compelling objective in its
own right, exploring, utilizing, and transitioning
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activity at a destination are worthwhile objectives
in the Pioneering Doctrine. Further, establishing a
long-term plan without setting concrete objectives
at discrete destinations would leave the entire
planning process unmoored and too vague to be
actionable.
By providing Congress and the Executive Branch
trusted and clear insight into the planning process,
and providing the Administrator ample opportunity
to discuss the details of the long-term NASA plan
in as much detail as is needed, this commission
would allow political leadership to effectively
choose among viable and realistic options. The
commission would have the same kind of authority
regarding long-term planning as the Aerospace
Safety Advisory Panel does when addressing
safety issues.
The standing commission would provide a
mechanism for securing congressional consensus
and buy-in for NASA’s long-term planning, while
avoiding the problems associated with trying
to develop complex architectures in very short
periods. The other function of this process would
be to provide a mechanism for establishing better
long-term budgetary sustainability for major NASA
projects.

Recommendation 4: Stabilize
NASA Funding
Stabilize budget by changing the rules
under which funding is allocated to
NASA and the rules governing how NASA
spends its money. Treat spending on
pioneering similarly to capital spending on
infrastructure improvements. This includes
the creation of a revolving fund account and
multi-year appropriations.
Over the years, NASA has lacked stable budget
plans and fallen prey to optimistic out-year
budget projections that failed to materialize. A
major part of the successful implementation of a
pioneering mission involves being able to better

and more effectively manage budgets. Over the
long term, pioneering will require different funding
mechanisms than those commonly in use today.
The details of those various mechanisms are
beyond the scope of this report; however, some
ideas are presented here as a starting point for
further discussion.
The difficulties in funding the pioneering of
space stem from the fact that pioneering crosses
several budgetary and economic categories.
Pioneering can be viewed as a natural monopoly
characterized by high barriers to entry and high
capital costs. The high barriers to entry include
R&D challenges and risk-related costs. The high
capital costs are, in part, a function of the R&D
costs of designing space systems and launch
vehicles. Collectively, the knowledge involved
in the design, manufacture, and operation of
space hardware can be considered a form of soft
infrastructure.
This report presumes that many elements of
organizational culture drive behaviors that
contribute to the expense of space activities. The
recent emergence of new entrepreneurial players
in space makes an interesting case study because
these organizations typically have a different
internal culture. A clearer sense of purpose, along
with tools enabling the NASA Administrator to
pursue that purpose and change the agency’s
culture, will help NASA reduce the costs and
increase the effectiveness of space pioneering.
The Pioneering Doctrine can be viewed as a form
of ongoing public-public partnership or publicprivate partnership, in which the pioneering
agency seeks to mature capabilities to the point
that they can be handed off to others within
government or in the private sector. In the context
of a natural monopoly, this means reducing risk
and R&D barriers to entry through the access,
exploration, and utilization phases, so that others
can later enter the market. While reducing R&D
costs is sometimes simply a matter of making
discoveries and sharing the results, other parts
of the R&D cost are really matters of contributing
to the institutional knowledge of the industrial
commons, thereby increasing national capacity.
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Some of the tools a pioneering organization could
use to reduce costs for subsequent entrants are
very capital intensive. Even if such systems are
counted as R&D investments, they often share
characteristics with infrastructure investments.
Within the U.S. government, the tendency is
to regard R&D expenditures as essentially
interchangeable and to pay for them on a year-byyear basis. For small projects, particularly ones
at low technology readiness levels (TRLs), this is
generally a reasonable approach. At the other end,
there are large capital projects that have to be fully
funded because, for example, it makes no sense
to build half of an aircraft carrier or bridge.
The kinds of systems integral to space pioneering
present budgeters, authorizers, and appropriators
with a unique constellation of problems, which
results in less efficient funding patterns, in turn
increasing costs, and exacerbating the whole
situation.* There are no obvious solutions that
strike a balance among the multiple budget-related
concerns, which include:
	oversight and the safety net of short-term
appropriations,
increasing programmatic stability,
	allowing programs to better flow spending
from year to year,
avoiding unwarranted reprogramming,
	not “tying the hands” of future Congresses, and
preserving accountability to the taxpayer.
Some of these aims can be achieved through the
planning process and the stability associated with
a new mandate and a longer term for the NASA
Administrator. Yet this cannot be guaranteed
to solve all the problems. The critical challenge
is how to balance these priorities as a whole.
There are some options that could be used in
combination and that might help in managing
these many disparate priorities. However, these
ideas should be taken as possibilities for further
investigation, rather than strict recommendations.

Create a Revolving Fund for NASA
Projects
In most incremental appropriations, projects and
programs are paid for on a yearly basis with an
appropriation that allocates funding to cover all
activities. This can create problems because
development costs for a program vary from year

to year—usually quite high in the first years and
then tapering out over time. Having a steady
year-at-a-time expenditure forces programs to
fit into suboptimal funding profiles, dramatically
increasing overall program cost. A revolving
fund account gives planners the ability to shift
costs from one year to another, thus providing
extra funding when needed, while allowing
them to conserve their resources when things
are slower or in preparation for future activity.
This mechanism could be used as part of the
congressional portfolio of appropriations tools,
particularly for the wide range of smaller missions
that are not typically called out specifically in the
appropriations process.
“ A capital account could lower the uncertainty
of future resourcing inherent in incremental
funding while eliminating annual funding
swings. In such a scheme, Congress would
appropriate a fairly constant level of funding
into an account that would then be drawn on
as needed. The money in the account might be
merely enough to cover outlays year by year,
or enough might be allowed to accumulate in
the account so that [larger] projects could be
fully funded from that source. In either case,
the annual commitment might be adjusted from
time to time as needs change.”50
There are some precedents for this approach,
such as the National Defense Sealift Fund, which
provides for construction of cargo and transport
vessels for the Navy and is representative of any
number of capital building funds. Another example
is the use of the Navy Working Capital Fund to
support the Naval Research Laboratory.
There are some programmatic risks involved since
unobligated funds can be reprogrammed. The size
of this risk is related to the amount of unobligated
funds left in the account, which, in turn, is a
result of the different kinds of appropriations
mechanisms used to add funds to the account.
Incremental funding yields a funding profile that
has some resistance to reprogramming, rather
than leaving a large lump sum sitting in the
account. Further, the language used to establish
the account can make it more resistant to the risk
of reallocation of funds later on. While Congress
could ultimately bypass any such language, the
restrictions would increase the political cost of
doing so and provide some measure of protection.

*A recent example of this has been the discussion over the proper mechanism to budget for the TDRSS-M satellite.

52

Pioneering: Sustaining U.S. Leadership in Space

This approach could limit cost management and
congressional oversight, but there are options
for addressing those concerns as well. One is to
continue to rely on the Section 103 language of
the NASA Authorization Act of 2005,* and any
program that breaches limits set forth there would
be dropped from the revolving fund account to the
more traditional incremental appropriations, both
to prevent cost growth from damaging otherwise
healthy programs and to expose the program to
the potential of cancellation by future Congress if
costs are not controlled.
Another alternative has been suggested in the
discussion of budgeting for the construction of
aircraft carriers:
“ Another approach would be to work with the
Navy to establish an account funding all carrier
lifetime costs. This would be an ambitious and
complex approach, but one that might generate
advantages in efficiency and effectiveness.”50
In this case, it would not be possible or necessary
to fund the entire cost of a project upfront from the
revolving fund account. However, this approach
would put pressure on reducing operational costs,
allowing for more effective means of allocating
resources during the lifetime of a complex system.
This approach also allows shifting costs from
year to year to achieve a more efficient funding
profile, and extending that from the development
of a system to cover operations as well. This
option also forces a choice between operational
systems and development of new systems and
might guard against the problem of sacrificing
future ongoing operational costs at the expense of
current development. Should that occur, this option
would allow for a reasonable evaluation of using
R&D funding to further reduce operating costs of
an existing system, to provide more downstream
funding for development of other programs.

Expand Funding Options
Different appropriations tools can be mixed to
ensure continuity while retaining oversight. A
mixture of appropriation methods may be used
to obtain a better balance between oversight and
programmatic stability than is otherwise possible
using one method alone.

The first and most important tool in the
appropriations mix is the incremental single
(or biennial) appropriation, in which Congress
appropriates funds on a regular basis. This
approach offers the best options for Congress
with respect to oversight and maintaining future
flexibility. Examination of the out-year projections
for NASA over the past 30 years indicates that
out-year funding increases for NASA cannot be
relied upon to appear. This forces the agency into
a year-by-year existence while compelling it to
generate plans based on unrealistic expectations
of out-year funding. The resultant problems
could be forestalled by using other funding
options to provide both flexibility and stability to
certain programs without unduly impinging on
Congressional prerogatives.
One option is the use of multi-year appropriations:
	
“Multiple year appropriations are available
for obligation for a definite period in excess
of one fiscal year. [37 Comp. Gen. 861, 863
(1958)]. For example, if a fiscal year 2005
appropriation act includes an appropriation
account that specifies that it shall remain
available until September 30, 2006, it is a
2-year appropriation. As a more specific
illustration, the appropriation accounts for
military construction are typically 5-year
appropriations.
	Apart from the extended period of availability,
multiple year appropriations are subject to
the same principles applicable to annual
appropriations and do not present any special
problems.”51
Multi-year appropriations have the advantage of
not committing a future Congress while increasing
the amount of flexibility the NASA Administrator
would have in shifting program costs from year
to year, to better match normal cost profiles
and help keep costs down. Adding multi-year
appropriations to the revolving fund account would
not make much sense, so the funds would instead
be appropriated for specific programs (although
that does not preclude the specific program from
drawing on the revolving fund account).

*This language is patterned off the Nunn-McCurdy Act mentioned previously, and calls for reports to Congress and a host of other
measures to be taken if the cost or schedule of a project exceeds certain limits.

Strategic Recommendations

53

Another option would be the use of advance
appropriations, which are described as follows:
“ Advance appropriation is an alternate
form of full funding that is permitted under
executive branch budget regulations. As
a funding approach, it can be viewed as
lying somewhere between traditional full
funding and incremental funding. Advance
appropriation is not to be confused with
advance procurement (AP) funding that can
occur under traditional full funding. Under
advance appropriations, as under traditional
full funding, Congress makes a one-time
decision to fund the entire procurement
cost of an end item. That cost, however,
can then be divided into two or more annual
increments, as under incremental funding,
that are assigned to (in budget terminology,
‘scored in’) two or more fiscal years.
	In contrast to incremental funding, under
which Congress must take a positive action
each year to approve each year’s funding
increment, under advance appropriations,
Congress, following its initial decision to
fund the item, would need to take a positive
action to cancel or modify an annual funding
increment in a future year budget. In this
sense, advance appropriations can be
thought of as a legislatively locked in form of
incremental funding: the future-year funding
increments will occur unless Congress takes
action to stop them.”52
Advance appropriations have been proposed by
the Congressional Budget Office (in 1988) and
tried later by the Clinton administration in FY 1998
and FY 1999.53,54 While advance appropriations
could present some problems to the relevant
authorizers, it may also be possible to write
advance appropriations language that allows
for proportional reductions in appropriations
advanced earlier to reflect changes in the top-line
Section 302(b) allocation budget of the respective
subcommittee from year to year.*

Establish Accountability and
Oversight Measures
Combining the revolving fund account with mixed
appropriations creates a number of options.
Multi-year appropriations bring many of the
advantages of a revolving fund account (especially
if additional money is appropriated to that account
on a multi-year basis with each new cycle), but
focuses those effects on a particular project. For
other endeavors, incremental appropriations with
Section 103 thresholds still preserve fairly finegrained oversight. By allowing the expenditure of
funds from the revolving fund account on large
individual projects (such as the ones covered by a
multi-year appropriation), NASA leadership could
make informed choices about shifting funds to
keep programs on track.
However, since the revolving fund account also
includes operational funds for projects, such
reallocations come with risk. Cutting funding for
current development shifts program schedules,
and thus increases costs overall, putting
continuing pressure on later projects in operation
and in development. On the other hand, using
incremental appropriations for specific large
projects gives lawmakers a tool for assessing
whether or not they think a specific project should
be protected.
These appropriations options can provide
stability for a more efficient and better functioning
NASA. The goal is to encourage and enable
good performance, high efficiency, and effective
stewardship of taxpayer dollars. The new funding
options would change the dynamic in which a
future NASA Administrator might wish to consider
rescoping or cancelling a project that is getting
out of control. Continuing to keep a project that
is slipping and driving up costs poses a real
threat to other programs in a fairly visible way.
While this does increase pressure on the NASA
Administrator, it also provides a strong incentive
to manage costs, as well as a tool to reject a
proposed program if the funds allocated for
development are insufficient to make a good,
functioning system. For example, a proposal that
skimped on development funds and thus created
high operational costs for an extended period
should prompt an Administrator to decline the
proposal and seek alternatives.

*The Congressional Budget Act of 1974 contains a provision in Section 302(b) which calls for House and Senate Appropriations
Committees to “suballocate their committee spending allocations among their subcommittees and formally report these
subcommittee allocations to their respective chambers.” 67

54

Pioneering: Sustaining U.S. Leadership in Space

All of the recommendations in this chapter
that are intended to increase stability while
preserving oversight are designed to ensure
that the government can continue to support a
good and effective NASA Administrator through a
volatile political environment, while not requiring
the country to keep a poor or ineffective NASA
Administrator. There are two behaviors that are
encouraged by giving a NASA Administrator the
option of cancelling a program that is getting
out of hand without requiring that a program be
dumped at the first sign of trouble. It places a
premium on good cost estimation, shifting the
burden of poor cost estimation to NASA, which
then must face difficult choices about what it can
keep and what it should let go. It also further
encourages programs to be effectively managed
and kept within cost profiles.

the wide array of thoughtful and interesting ideas
available; however, the next chapter provides a
brief overview of some of the possible measures
NASA can implement to secure a healthy and
sustainable future.

If a NASA Administrator fails to meet those criteria,
there are legislative protections for finding an
Administrator to be noncompliant with the terms of
appointment. The country would not be bound to
keep an Administrator who was unable to deliver
a space program on schedule and close to cost.
Although this could seem to be an unreasonable
requirement for a NASA Administrator, it also
implies a shift in the relationship between NASA,
the Office of Management and Budget (OMB),
and Congress. If NASA is being asked to do far
too much with far too little, it then becomes the
responsibility of the NASA Administrator to decline
the additional tasks, knowing that he/she will be
held accountable later for cost increases and
schedule delays arising from big early promises
of funding that fail to receive sufficient support in
later years.
All of the broad tools and approaches presented
in this chapter are aligned toward the same
goal: enabling NASA to find and implement a
good mechanism for moving forward with the
Pioneering Doctrine and locking in valuable,
hard-won gains. With more stability and a clearer
purpose, future NASA Administrators will be able
to make significant headway on the challenge
of bringing NASA’s management acumen and
strategic planning up to the same high standards
NASA already sets for its technical operations.
Numerous reports, studies, and commissions
have outlined opportunities for improvement.
Further, many of the people interviewed for this
report provided exceedingly good suggestions
on this front. It is not possible to do full justice to
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C h a p ter 7 – Ta c t i c a l R e c o m m e n d a t i o n s
The strategic recommendations in the previous
chapter form the foundation for significant longterm change. During the interviews and research
for this report, a number of additional, more tactical
ideas were put forward about various administrative measures NASA could undertake to increase
its effectiveness.
Many of these ideas are available in
recommendations from the CAIB report, the report
of the Walker Commission, as well as periodic
reports from the Government Accountability Office
(GAO), the Office of Inspector General (OIG),
National Academies, and others. Some specific
recommendations are included here to provide
points of departure for discussions and to propose
options for reforming and streamlining the national
civil space enterprise. Other organizations that
have engaged in similar restructuring efforts have
established successful liaisons with management
experts such as the National Academy of Public
Administration. For example, the FBI made
effective use of public administration expertise to
improve the functioning and management of its
activities. Borrowing from the expertise of public
administration, financial management, and other
experts will greatly facilitate NASA’s effort to
rebuild itself as an organization optimally suited to
performing its new core purpose.
These ten recommendations follow:
1. Set clear, concrete goals for the ISS
2. Realign space within the Executive Branch
3. Clarify NASA’s role in industrial base policy
4. Strengthen personnel management
5.	Effectively manage the relationship between
centers and NASA headquarters
6.	Set common standards and promote
interoperability
7.	Justify regulations and manage institutional
knowledge
8.	Improve procurement and cost estimation
9.	Improve professional education in project and
program management
10.	Increase the amount of in-house technical work
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1. Set Clear, Concrete Goals
for the ISS
Successful use of the ISS in the
remainder of this decade is a paramount
concern for NASA and its ISS partners.
NASA should establish some achievable,
concrete “victory conditions” to
validate the entire ISS experiment and
demonstrate the Pioneering Doctrine.
Since the ISS has consumed so much money,
attention, and effort over the past few decades,
failure to produce notable, easily describable,
and reasonably well-known successes will
make lobbying for funds in future years much
more difficult. Within the Pioneering Doctrine,
the ISS is the one destination for which access
is already a solved problem—the remaining
task for NASA is to demonstrate mastery of the
rest of the pioneering process with ISS before
the agency can reasonably expect to advance
to grander ambitions.

The ISS has
become a
dominant
factor for many
countries in
their spaceflight
planning for the
next decade.

The ISS has become
the dominant factor
for many countries in
spaceflight planning
for the next decade.
In terms of the
Pioneering Doctrine,
the challenge of
the ISS is how
to successfully
execute exploration,
utilization, and
transition phases well enough that there is a
way, before the end of the decade, to know
whether or not space agencies around the
world can tell their respective constituents
that the ISS is an unambiguous success.
As long as discussions of ISS
accomplishments are limited to unique
cases whose success will be very difficult
to replicate, it will be difficult to claim that
the ISS has been a success. There are
some options, such as using the station for
in-space simulations of 500-day missions
to Mars to study the effects on astronauts,
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moving the ISS (or parts of it) to other
destinations, or viable commercial use
(perhaps for protein crystal growth), that
could all be the basis for claiming victory
with the ISS.

2. Realign Space within the
Executive Branch
While focus on a specific facet of space
activity is critical for NASA, there will
also be a growing need for coordination
at the top level as various space
activities are transitioned into the rest of
government and the private sector.
Although the reporting relationship of
NASA within the Executive Branch could be
considered a strategic issue rather than a
tactical one, it is not essential to implementing
the Pioneering Doctrine. However, effective
implementation of the Pioneering Doctrine
could eventually make it necessary to address
the issue.
There has been a great deal of discussion
over the years about the way NASA is
situated within the Executive Branch, but no
clear consensus has developed about the
best and most effective way to structure civil
space activities. Recognizing the distinction
between the national space enterprise (both
civil and national security) as a whole, and
NASA as a key component of that enterprise,
begs the question of who will be responsible
for oversight of the national space enterprise
in its entirety.
Previous reports have suggested elevating the
NASA Administrator to a position analogous
to the Office of the Director of Central
Intelligence.55 More recently, this concept
has emerged in the form of the Office of the
Director of National Intelligence. Others have
advocated reinstating the National Space
Council. Given the need for NASA to be more
focused, it would be inadvisable to assign the
NASA Administrator the task of coordinating
space activities throughout the government.
It will become increasingly important to have
some sort of central aggregating authority,
reporting directly to the President, responsible
for coordinating among the various parts

of the national space enterprise, both civil
and national security.47 Such coordination
is particularly useful for addressing issues
pertaining to the space industrial base,
common technology development paths,
and a number of other important functions.
Ideally, this job would be elevated to the
level of a cabinet position since the total
spending on space throughout the government
compares very well with other existing cabinet
departments. Although political considerations
may make this impossible, the concept
certainly bears further consideration and
discussion.

3. Clarify NASA’s Role in
Developing Industrial Base
Policy
The role of NASA with respect to
industrial policy planning needs to be
clarified. The role of industrial policy
planning for the space industry should
properly reside in some place in the
Executive Branch that will have the
authority to coordinate the actions
of different agencies, rather than at
NASA. From the industry perspective,
an important opportunity for NASA to
contribute to the space industrial base
is to provide a sufficiently clear and
consistent mission, so that industry
can safely plan future technology
investments with some assurance of
success.
NASA has at times taken steps that could
be construed as getting involved in the
development of industrial policy, yet this
participation has been relatively intermittent.
In some cases, it has created uncertainty
that deters investment, rather than guiding it.
There is an important role for governmentwide coordination on space industrial policy,
the study of which would be a task for a
hypothetical coordinator for the national space
enterprise, who would have insight into civil
and national security spheres. Given that
national security can lay a legitimate claim to
the strategic need for a healthy national space
industrial base, coordination between both
spheres is important.

Tactical Recommendations

57

NASA should avoid taking a lead on
developing national space industrial policy.
As an agency that ultimately exists in order
to transfer its activities to other parts of
government and the private sector, too much
participation in the industrial policy process
early on opens up a huge number of potential
pitfalls with respect to picking winners and
creating future obligations to keep specific
industries afloat. The process of transferring
the development and utilization of various
destinations in space to the private sector is
sufficiently wrought with pitfalls and dangers;
adding space industrial policy to this mix would
overstress the capabilities of any one agency
to operate as a fair, honest, and effective actor.
In the interim, absent a stronger coordinating
function for the national space enterprise as
a whole, the recommendation to coordinate
launch policy, both in terms of R&D and
industrial base, through the OMB appears
to be a good option for managing nearterm industrial base concerns.47 Over the
longer term, balancing the transition phase
of the Pioneering Doctrine with the broader
mandate to leave industrial policy to the body
responsible for overseeing the national space
enterprise will be a challenge. However, it is
an issue that cannot be addressed fully until
the matter of coordinating the national space
enterprise has been decided.
In the shorter term, one of the most important
things that NASA can do is to create a clear,
consistent sense of mission. If, for example,
NASA continues to put nuclear thermal
propulsion on its list of priorities decade after
decade, a company might well conclude that
there is reason
to develop its
The development
own capabilities
of a nuclearin this area. This
is essentially
powered rocket is
a side effect of
the only one of four
having stability
main challenges
in planning,
management,
in President
and budget.
Kennedy’s speech
With a clear,
to Congress that
consistent, and
persistent vision
remains unfulfilled
of the future,
to this day.
industry can start
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responding appropriately to these signals and
can start preparing for some of the very long
lead time work involved.

4. Strengthen Personnel
Management
To promote the transfer of knowledge
to and from NASA and revitalize its
aging workforce, the agency should take
two steps to strengthen its personnel
management tools and encourage
healthier knowledge exchange.
1) NASA should make greater use of
Intergovernmental Personnel Act (IPA)
assignments to host outside personnel
at NASA and vice versa for extended
periods. 2) The regulations affecting the
transition of skilled personnel to and
from NASA need to be overhauled.
The NASA Flexibility Act of 2004 provided
NASA with many tools to more effectively
manage its human resources. Yet NASA
still faces considerable difficulty with human
resource management issues. A recent study
found that federal employees are more likely
to die than lose their jobs, and NASA has the
lowest turnover of any federal agency.56 In FY
2010, an analysis of personnel management
practices found that out of a total of 18, 659
employees, NASA dismissed just 13 people
for discipline or performance.57 While retaining
technical competency is a good thing for the
nation, and communities benefit from the highpaying NASA jobs, this must be balanced with
the responsibility of NASA to increase national
space capabilities through the circulation of
human capital in and out of the agency.
In the course of its activities, NASA produces a
significant benefit to the nation: highly trained
and experienced scientists, engineers, and
technicians, which in aggregate strengthen the
nation’s overall human capital. Agencies such
as DARPA try to turn over their personnel on a
three- to five-year basis to keep their workforce
fresh and agile. Work in the field of cyber
security suggests that high turnover is actually
beneficial in certain technical fields.58 Looking
more broadly, it is a good thing if NASA is
able to acquire an immense stockpile of highly
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skilled personnel. It is an even better thing if
the country as a whole can increase its project
and program engineering capability. A low
turnover rate inhibits that circulation of talent
and expertise. It also exacerbates problems
with the aging of the NASA workforce because
it is difficult to hire new people if open positions
are far and few between.
There are two approaches that, in conjunction,
should be used to mitigate this set of problems:
increasing the use of Intergovernmental
Personnel Act (IPA) assignments, and
reducing restrictions on transfers to and from
government.
IPA assignments allow employees of a given
agency to work for extended periods at other
posts in government or industry. In this case,
IPA assignments can be used to have people
from outside of NASA work at the agency for
extended periods. This type of arrangement
will be very helpful in the transition phase
of pioneering, and will prove important for
capacity building.
It will be very helpful if NASA, working
together with Congress and the Executive
Branch, can relieve some of the restrictions on
moving in and out of the agency, particularly
for junior and mid-level personnel. There
are many legal barriers to such movement,
including “issues regarding shareholding,
pensions, and perceived or actual conflicts
of interest.”59 While conflicts of interest can
be a problem, particularly in the exchange of
senior managers, NASA may want to examine
whether such rules actually hurt the cultivation
of junior or technology-focused employees.
Allowing more flexible exchanges of technical
personnel between industry and government
can increase the transfer of knowledge in both
directions, reducing costs to the government
and increasing the benefits derived from
public-sector research. This is something that
is beyond the ability of NASA to manage on its
own without the assistance of Congress and
the administration.59

5. Effectively Manage the
Relationship among
Centers and NASA
Headquarters
The divergence among NASA
headquarters and its centers impedes
the successful functioning of the
agency. This should be addressed by:
strengthening management across
enterprises, increasing promotion
incentives at all levels for experience
across centers, and ensuring that overall
program management is not located at a
center that can benefit by receiving work
from the program management office.
The relationship among the various NASA
centers and headquarters has been complex
and sometimes contentious. There is no easy
way to make this relationship smooth and
free of turmoil because the wants, needs,
and interests of the various components of
NASA do not always smoothly align. Each of
the centers is home to a different culture and
outlook, which further complicates matters.
Some of the issues exacerbated by different
centers pursuing their own objectives can
be resolved by strengthening the horizontal
organization throughout the agency. This
entails changing promotions, incentives,
and reporting structures so that they would
be managed by function across the agency
rather than hierarchically within each center,
at least for senior personnel. Some work
on this front has been done with respect
to the management of NASA’s information
technology, so there is a precedent. NASA
should continue exploring this approach to
provide better cohesion and focus at the
enterprise level. In particular, NASA should
keep program management at headquarters
while keeping project management work at the
centers.
Beyond that, some of these problems can
be ameliorated by increasing the rotation
of personnel among centers. Rotations of
three to five years have been used at a
number of highly effective organizations and
management training programs, bringing
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new points of view to the tasks facing
operators at far-flung centers and familiarizing
headquarters management with all parts of the
organization.60 This might not be possible in all
cases, due to the need to maintain continuity
in long-term projects. Where such rotations are
possible, particularly at more junior levels, the
benefit is that NASA personnel would become
more familiar with the entire organization
throughout their careers. Similarly, better
use of full-fledged rotation will help to better
integrate NASA into a cohesive whole.
NASA employees at the Senior Executive
Service level are fully aware that it is vital
to their careers to have significant work
experience at several NASA centers.
Although implementing higher rotation for
existing employees could cause a great
deal of disruption, current employees can
be grandfathered in while this policy is
implemented for new hires going forward.

6. Set Common Standards and
Promote Interoperability
NASA should create a common body of
standards* and library of best practices,
and eliminate center-to-center variation
in technical requirements. The set of
common NASA standards should promote
interoperability between systems.
The practice of asserting the discretion of a
NASA Technical Expert in using “equivalent
standards,” or the use of waivers by program
managers for non-standard items built at
different centers, has enabled centers to
refuse to cooperate on standard-setting.61
Different centers should not have different
standards for substantially the same thing, as
is the case for human factors requirements
at Kennedy Space Center and Johnson
Space Center.62 Such inconsistencies have
no benefit, increase transaction costs, and
make it more difficult for the national civil
space enterprise to act cohesively. Before any
activities are divested and spun off to other
parts of government, NASA should adopt a
common body of standards.

Standards, if thoughtfully conceived and
written, represent a form of record-keeping
for a library of best practices. If the body of
standards is well compiled and maintained,
it can accomplish a great deal for preserving
institutional knowledge. As mentioned in
Chapter 3, NASA is vulnerable to issues
related to retaining institutional knowledge, and
what often is considered “best practice” may
simply be habit elevated to the level of dogma.
An effective standards process can capture the
core of the lesson learned, provide a venue for
updating or challenging conventional wisdom,
and act as guidance for engineers and
designers going forward.
Sensible standards are a natural partner of
interoperability, which NASA should promote
wherever possible. As human reach expands
to more destinations, the precepts of “reduce,
reuse, and recycle” that have characterized
environmentalism on Earth become
increasingly important. For example, there are
two different coolant systems used on the ISS.
In addition to doubling the amount of some
equipment needed for a cooling system, this
approach also means that there have to be two
different sets of fire suppression equipment on
board. With the immense costs associated with
getting anything to orbit, let alone the costs
of making space-rated systems, requiring
two systems when one is possible is a waste
of money. While certain circumstances may
make unwanted and inefficient redundancy
inescapable, that is not always the case.
Adaptation of existing systems is greatly
enhanced by introducing interoperability as
a basic design criterion. The resolution of
the saga involved in trying to prevent the
suffocation of the Apollo 13 astronauts—
essentially the challenge of trying to fit a round
CO2-scrubbing canister “peg” into a square
canister hole—is really a dramatic testament
to the potential consequences of ignoring
interoperability.

*For the purposes of this report, standards are used to inform requirements but the terms are not synonymous.
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7. Justify Regulations and
Manage Institutional
Knowledge
The creation of rules and regulations has
functioned as an ad hoc mechanism for
the accumulation and preservation of
institutional knowledge at NASA. NASA
should develop and utilize more formal
systems for managing institutional
knowledge. NASA should conduct a zerobaseline review of its rules and regulations
as part of its process of rationalizing its
institutional knowledge.
Rules and regulations have, over the years,
served as sort of mechanism for the preservation
of institutional knowledge and various lessons
learned, but without the formal review, challenge,
and discussion mechanisms embedded
within the standards process. The result is
that many of these regulations have become
an overconstraining mass of procedures and
checklists that, as was seen in the Columbia
tragedy, tend to normalize deviations and
suppress the kind of healthy functioning that an
organization needs to work well in the first place.
In conjunction with the creation of a full and
comprehensive library of lessons learned,
NASA should conduct a zero-baseline review
of its rules and procedures. In the process of
reviewing and validating each of the rules, the
institutional knowledge embedded within each
of the specific rules and regulations can be
stated in a usable way in the body of lessons
learned, rather than as a set of behaviors for
which the rationale has been long forgotten.
Rules that cannot be explained must be let
go. This essentially serves as a parallel to
the formal ISO 9000 process, which aligns
practices, knowledge, and procedures. NASA
should move beyond ad hoc accumulation of
information and become a systematic surveyor
of the destinations throughout the Solar
System and the technologies needed to get
and operate there.

8. Improve Procurement
and Cost Estimation
NASA should improve its cost estimation
and program management tools; conduct
a zero-baseline review of its procurement
processes and regulations; fight more
aggressively against performance-driven
mission creep; and focus on assurance
of mission success, cost management,
and program management.

Whether the space community likes it or not,
the American public, on average, believes
that space activities consume a share of the
discretionary budget that is roughly 40 times
larger than it really is. In addition, the agency
has become very risk averse to avoid the
political fallout that accompanies mission
failures. The combined pursuit of performance
and risk avoidance has been a huge contributor
to escalating mission costs, which then adds
to the perception that NASA’s funding is higher
than is actually the case.
Some cost-estimating measures employed
in recent years, such as the Joint Cost and
Schedule Confidence Level (JCL), show
significant promise in improving NASA’s cost
estimation. However, it will be several years
before the full measure of the success can be
determined. Things should be bid and presented
fairly, and NASA must be able to deliver on
those promises—not out of an overenthusiastic
“can do” spirit, but out of the sober realization
that it does not help the agency if expectations
are exaggerated and promises go unfulfilled.
In some ways, this gets to the core of how
NASA has tended, as a technology-focused
organization, to make decisions. In order of
importance, the priorities for a mission should
be 1) mission success, 2) cost, 3) capability,
4) performance, and 5) everything else. As a
practical matter, the only two things that matter
are mission success and cost.
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Government procurement methodology is
often intended to obtain a wide range of
benefits beyond simple cost effectiveness.
A procurement system that is intended to
take into account a vast array of potential
benefits and avoid theoretical problems
becomes increasingly complex as time goes
on, making pursuit of the most cost-effective
solutions impossible. Procurement (at least
in the DoD) has become so overgrown with
regulations that the head of the Defense
Business Board recently said in an interview
that it has come time to “put a match” to the
DoD procurement regulations.63 NASA’s
procurement processes have similarly grown
unwieldy and would benefit dramatically from
a zero base-line review of the entire body
of relevant regulations. This would provide
an early opportunity for NASA to resolve
the problems arising from the fact that so
much of the work on commercial cargo and
crew transportation to the ISS has been an
amalgam of Space Act Agreements and
more traditional procurement processes.
In the longer term, considering the
various mechanisms for transition and
commercialization, it is essential to have
procurement regulations that provide
many different choices in the landscape of
public-private partnerships to hand off key
operational NASA missions over time.

9. Improve Professional
Education in Project and
Program Management
NASA must become better at
accumulating and disseminating
professional expertise. First, NASA’s
in-house training programs should be
expanded greatly. Second, NASA should
make effective use of new personnel
management tools to diffuse its
professional expertise in order to build
the institutional knowledge and capacity
of the national industrial commons.
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NASA’s professional education program, the
Academy of Program/Project & Engineering
Leadership (APPEL), is a worthwhile activity
that should be further expanded. APPEL is
NASA’s in-house mechanism for providing
advanced professional education, particularly
in project and program management. NASA
depends so heavily on effective project and
program management that this organization
should be a major contributor to making NASA
perform at its best. Ideally, APPEL should be
setting the industry and government standard
for program and project management.
APPEL should also be used to provide basic
training for new NASA hires, to start creating
the foundation for a NASA-wide culture
and approach to problem solving. Similarly,
NASA needs to make more frequent and
effective use of other centers of professional
education throughout the government, such
as the Defense Acquisition University and the
Industrial College of the Armed Forces.
While there is a great deal to be said for
learning from more senior and experienced
NASA personnel, the apprenticeship approach
has severe limitations on scalability and the
retention of institutional knowledge. Among
other things, this approach to conveying
knowledge has the effect of creating some
of the very facets of organizational culture
that have made it hard for NASA to reform its
practices, as described in Chapter 3, which
makes it difficult for NASA’s advocates to
unreservedly call for increases in funding.
These activities, in conjunction with increased
use of IPA assignments and increasing the
flow of personnel through NASA, will help
spread NASA’s experience far and wide,
which is a critical component to the capacity
building that underpins the transition phase of
pioneering. In other words, if NASA retains the
only people in the world who know how to do
certain things, then NASA will never be able
to hand those things off and move on to new
challenges.
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10. Increase the Amount of
In-house Technical Work
NASA needs to ensure that it retains
and strengthens in-house technical
capabilities in a way that promotes better
innovation. First, in-house technical
work should be increased to maintain
currency and retain the proficiency
necessary to best manage contractor
efforts. Second, NASA should directly
allocate time to selected science,
technology, and engineering personnel to
pursue their own interests and promote
innovation. Third, NASA should increase
the number and frequency of simpler,
lower-cost missions (consistent with
the commission-approved plan) which
will help NASA achieve the first two
objectives in this section. Fourth, NASA
should encourage the development of
small “skunkworks” teams to address
difficult challenges outside of the main
bureaucratic hierarchy.
Experience in the DoD has shown that a
government agency must retain some level
of technical competence to be an effective
consumer of contractor services. Even if
most of a project manager’s responsibility
is at a high level, the ability to do hands-on
work helps maintain technical proficiency and
familiarity with the state-of-the-art. It also often
provides improved job satisfaction for many
engineers and scientists and enables more
creative experimentation with novel concepts
and ideas.
Many organizations, such as Google, give
their employees a day each week to work
on their own projects. Organizations that
have implemented this approach have
found that allowing their most skilled and
expert personnel to follow up on their own
hunches and areas of interest, subject to
light management oversight, can generate
remarkable insights and innovations. Half
of Google’s new services come from this
20 percent of employee time.64 One of the
complaints about full-cost accounting is
that it makes it difficult for organizations to
pursue new technological leads. Allocating an
account to which employees can charge their

allotment of exploratory research time is one
way to manage this problem.
The rise of smaller missions (New Frontiers
and particularly Discovery-class) has yielded
a number of benefits for NASA over the past
several years. There are three principal reasons
to continue these types of missions (or even
smaller ones):
	Very small missions of this sort can be used
to keep certain technological capabilities
“warm” through periodic use in a way that is
not possible with comparatively rare flagship
missions.65
	Most of the Solar System is still largely
uncharted, so it is difficult to know if NASA
has been exploring the most interesting and
valuable things. A basic survey of the Solar
System would be an immensely valuable
pioneering foundation for future generations.
	More frequent missions can help mitigate the
tendency to overengineer existing missions. If
there is always going to be a “next mission,”
it alleviates this problem and provides some
more certainty to long-term planning.
Finally, experience in
Most of the
a number of industries
has shown that
Solar System is
organizations can
uncharted, so it is
benefit greatly from
difficult to know
having small teams (of
less than 125 people)
if NASA has been
that can operate as a
exploring the most
sort of “skunkworks,”
interesting and
free from many
of the institutional
valuable things. A
and bureaucratic
basic survey would
strictures that govern
be an immensely
larger programs.66
Small, agile teams
valuable pioneering
can be very effective
foundation for
at solving complex
future generations.
technical challenges.
Operating with relative
freedom and out of the spotlight, small teams
have produced extremely valuable technical
insights to complex problems, which at times
ran counter to the conventional wisdom of their
parent organization. In the context of an already
technologically accomplished agency, this could
produce some exciting results, particularly if the
culture has changed to enable the swift adoption
of new ideas.
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c h a p ter 8 – C o n c l u s i o n
Countries support a national civil space program
to receive its benefits, be they economic, military,
prestige, technology development, scientific
progress, or something else. As long as space
holds value to these enterprises or the promise
of even greater value in the future, nations will
expand their civil space programs. The United
States is no exception in this regard. The basic
role of a space program is to build national
capacity and expand the reach of the civil space
enterprise.
NASA is an exceptional agency that embodies the
heart and soul of the U.S. civil space enterprise.
However, there is a feeling among many that
NASA has lost its way. A number of arguments
about NASA funding, popular support, presidential
engagement, and congressional engagement
have been put forward. None of these arguments
has been adequately thorough, but they do
suggest that NASA has real issues that must be
addressed.
Looking more closely, NASA has been unable to
tackle issues of organizational culture due to a
blend of circumstance, history, geographical and
mission disparity, and mixed signals from political
leadership. NASA was given immense flexibility
through the original language of the Space Act
to pursue capacity building in whatever arena it
was directed to by national leadership. Early on,
this took the form of the Apollo program, yielding
some of humanity’s most impressive feats of
spaceflight. Regrettably, it was this very same
legislative flexibility that then transformed into a
lack of coherent direction during the post-Apollo
demobilization—an inability to set priorities that
continues to this day.
The Space Foundation recommendations include:
	Returning NASA to its fundamentals, engaging
in capacity building through a focus on
pioneering—access, exploration, utilization,
and transition—intended to expand the reach
of human influence and to encourage the
maturation of capabilities to the point where
they are self-sustaining.

	Appointing the NASA Administrator to a fixed
five-year renewable term; allowing him/her
to nominate the Deputy Administrator for
appointment by the President with the advice
and consent of the Senate; and establishing
a process by which the Administrator may be
removed from office by the President for cause,
such as substantial failure to carry out the
duties set forth in the Space Act.
	Having NASA create a 10-year plan for specific
dates and commitments and a 30-year plan to
describe the broader objectives and framework
in which the 10-year plan would be carried out.
These plans would be approved by Congress
every five years, along with a review of
performance over the previous five years.
	Improving budgetary stability by introducing
a revolving fund and using multi-year
appropriations, no-year appropriations, and
advance appropriations.
	Leveraging existing language in the 2005 NASA
Authorization Act so that programs that exceed
certain limits would be ineligible for funding
with any of the new mechanisms and would
return to traditional funding and appropriations
mechanisms.
	Refocusing and rededicating NASA
as an organization, rectifying its many
well-documented issues with respect to
management and public administration.
It is important to note that this is not a discussion
about punishing NASA or belittling its past
accomplishments, current capabilities, or future
plans. Rather, it is an attempt to redress the
damage that NASA suffered during the sudden
post-Apollo demobilization and the mixed signals
that it has received from political leadership in the
decades since. The Space Foundation is confident
that the entire space community has, over the
past half century, gleaned enough understanding
and knowledge to rebuild and redesign a space
program that will endure—and preserve U.S.
leadership in space for decades to come.

	Amending the Space Act to eliminate ambiguity
and clearly establish pioneering as the main
purpose and objective of the space agency.
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