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Abstract. This paper defends, and emphasizes the importance of, spaceflight, broadly construed
to include human and unmanned spaceflight, space science, exploration and development. Within
this discourse, | provide counter-replies to remarks by physicist Dr. Steven Weinberg against my
previous support of human spaceflight. In this defense of peaceful spaceflight | draw upon a
variety of sources. Although a focus is human spaceflight, human and unmanned modes must not
be treated as an either-or opposition. Rather, each has a critical role to play in moving humanity
forward as a spacefaring species. In the course of this communication, I also stress NASA’s (and
other space agency’s) perennial role as a science and technology-driver, and its function to
provide a stable and unified platform for space programs.
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1. INTRODUCTION

This paper defends, and emphasizes the importance of, spaceflight, broadly construed to
include human and unmanned spaceflight, space science, exploration and development. Within
this discourse | provide counter-replies to remarks against human (manned) spaceflight in
particular.

In [1], | presented some common reasons for human spaceflight. In [2], Dr. Steven
Weinberg, Nobel Laureate in Physics, expresses why he finds those reasons unconvincing. In this
paper, | argue that his responses are insufficient, and do not provide justifications for rejecting the
pursuit of human spaceflight. Some of my points are intended to anticipate other anti-human
spaceflight positions, and may not be suggestive of Dr.Weinberg’s view. In this defense of the
pursuit of peaceful and responsible spaceflight, | draw upon a variety of sources that demonstrate
the benefits of human and unmanned spaceflight.

It is important to explicitly state that the unmanned-manned spaceflight distinction is not
an either-or opposition. They are not mutually exclusive modes of spaceflight and should not be
treated as such. Each has a critical role to play in moving humanity forward as a spacefaring
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species. To argue against one or the other—at least in a sweeping, unqualified, or context-
independent sense—is misguided. | believe spaceflight in general, and human spaceflight in
particular, has been and can continue to be a means to uplift humanity on an individual and
collective basis. It must not be taken lightly, but should be pursued responsibly with
(inter)national resolve and cooperation. It should not be pursue with profiteering in mind, but
should have scientific knowledge, technological advancement and infrastructure development as
goals.

In the course of this communication, | also stress NASA’s perennial role as a science and
technology-driver, and its function to provide a stable and unified platform for space programs.
More generally, | stress the essential role of public or national space programs, and call for
greater support for these engines of innovation. For NASA to successfully do what it does best,
not only does proper leadership need to be in place, but one or more long-term visions for
scientifically, technologically and socially fruitful spaceflight must be formed.

The paper is divided thusly: section 2 summarizes the positive spaceflight position,
section 3 presents my counter-responses to Dr.Weinberg [2], section 4 offers a discussion, and
section 5 ends with some concluding remarks. Section 3 is divided according to the rationales for
human spaceflight discussed in [1] and [2]. Key phrases or passages are either in bold or
italicized text.

2. SPACEFLIGHT POSITION SUMMARY

The pro-spaceflight position | take is a positive one in at least two senses. First, in a
normative sense: (human) spaceflight should be pursued. It is has value—scientific,
technological, moral and otherwise. Second, it is positive in the sense of production, development
and responsibly proactive engagement. | summarize the general idea below. In what follows
‘HSF” is short for ‘human spaceflight’.

o A fundamental, overarching goal, drive, and obligation is to positively develop and uplift humanity.'

e When wisely conducted, spaceflight—unmanned and manned—can be a means toward that
overarching and ever-present goal. It is one manifestation of that ever present goal. It is also arguably
sufficient for it, with some reasons being that both forms of spaceflight (but perhaps HSF in particular)
requires/involves/affords/realizes/engenders:

(a) Achieving higher levels of...

(i) Pedagogical and educational progress

(improving the quality of teaching, education and access to education)

(ii) Scientific knowledge, and technological development

(iii) Infrastructure

...that ideally benefit all persons, increasing the quality and care of life
(b) Engaging novel environments and conditions
(c) Increased potential to solve problems in other domains of society
(d) International cooperation, as well as interdisciplinary collaboration and research
(e) Stimulating, appealing to, and strengthening the selfless and positive aspects of the human spirit,
the human mind, and the human heart, e.g., the drive to do good; the desire to be part of something
greater than oneself; awe, wonder, and the sublime; the joy that comes from discovery, collective
accomplishments, teamwork, etc.

e  These reasons for (human) spaceflight are partially summarized as:
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o Scientific knowledge and discovery; Exploration itself
o Practical benefits: spinoffs, problem-solving
o Aspirational, philosophical, aesthetic, intangible and uplifting effects on the intellect, mind,
spirit. This includes inspiring effects on current and future generations
o Improving life for posterity, and
o Survival, e.g., the fate of our sun and solar system; unknown astronomical threats, etc.
e In short, "Space exploration stimulates the creation of both tangible and intangible benefits for
humanity."[3, p.5]
o  Spaceflight should be responsibly and peacefully pursued for the above reasons, but also because it
may very well be a natural step in the direction of positive human progression.

HSF is essential at least in the sense that it is necessary for humanity to survive in the
long-term. This is under the assumption that we do not develop the technology capable of
preventing (or changing) astronomical phenomena from leaving Earth uninhabitable. Given that
assumption, it is a moral imperative or obligation.

In [4], Schwartz gives specific arguments in favor of a moral obligation for space
exploration, including the survival rationale (from asteroids and solar evolution). Although he no
longer flat-out endorses those arguments, they remain supportive of spaceflight. In his more
recent paper [51], he is correct in that space science (as contrasted with space development in the
sense he uses) is of paramount importance. This point, which he explicitly states, is one that |
have implicitly assumed. That is, in my writing | have made two assumptions. First, that HSF will
and must involve (indeed focus on) scientific investigation, at least in our early developmental
stages of space exploration. Two, | have implicitly assumed that space development is primarily
about technological innovation and producing the physical infrastructure that will allow humanity
to safely and sustainably live beyond Earth. | have not had commercial, recreational, or profit-
oriented space activities in mind, partly because these are dependent on a secure scientific and
engineering foundation. Thus HSF must be scientifically and technologically-focused.

Responsibly engaging in HSF, and the research and development to see it accomplished,
is simultaneously one path toward the manifestation of the creative and productive powers of the
human mind, and is the manifestation itself. In manifesting those powers for the good of all, we
are attending to our natural moral imperative (e.g. as expressed by the first bullet point). In this
process, we stand to better ourselves and increase the quality and care of life.

The potential to do so exists as an extension of the imaginative possibilities, and
discoveries, the mind conceives and apprehends. History—before and after project Apollo—has
shown that this potential is actualizable. “Possibilities for benefit creation multiply rapidly when
the products of space exploration interact with the imagination and creativity present in other
fields of endeavour.”[3, p.6]

I say responsibly/wisely because it should be obvious that we must (continue to) take the
proper precautions, and ensure capability-development for safe spaceflight. Astronaut Chris
Hadfield says it well: “We're going to do it [forming a permanent human presence in space]
because it's a natural human progression™ and “[...] we are trying to do it right and it takes time,
it takes patience and it takes tenacity”’[39]. As he says, we are not going to engage because it
“titillates the nerve endings.”

So if, in expressing anti-HSF views, Dr.Weinberg [2] is claiming that we do not have the
capability to safely engage in HSF missions, then that claim is different from an anti-human
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spaceflight position. The former does not imply the latter. If the former is true, then quite
obviously to be successful (as well as safe) in HSF we must develop the requisite capabilities for,
among other things, long-term missions. In other words, the absence of capability at a given time
is not a reason against HSF research and development, and should not be used as such. Even in
circumstances where there are good reasons to postpone HSF activities, there are no good reasons
for never pursuing it.

e We are to develop increasing (human) spaceflight capability and pursue it wisely with long-term
peaceful visions for humanity at large.

In supporting peaceful and responsible spaceflight I have the elevation (uplifting) of
humanity in mind. Spaceflight must (and does) help realize the desire to engage in worthwhile
pursuits that expand our knowledge, experiences and creative powers in a constructive manner.
This is toward the remediation of our terrestrial problems. It is also toward the peaceful growth of
humanity on Earth and beyond. It is perfectly feasible to pursue HSF in addition to other essential
pursuits, such as the prevention and curing of illness, the eradication of poverty, and the
education of all persons. HSF and other future-oriented activities are at least a potential means to
success in these other vital societal domains.

We cannot—we must not—rely on short-sighted and profit-oriented incentives in
pursuing HSF. At these early stages of spaceflight we need the secure foundations of long-term,
publically-, nationally- and internationally-dedicated missions where scientific and technological
research and development are essential parts, and which will give us the capability for stable and
safe space development. We need national or publically-funded space agencies whose goals are
not profit, but knowledge, scientific inquiry, engineering, infrastructure development, educational
outreach, and so on.

By contrast, the rejection of HSF (at least in a sweeping manner) is a self-imposed
limitation. It is a negative stance from the outset in that it minimizes capability and infrastructure
development. Taking a stance that, from the start, constrains our peaceful abilities (and objects of
inspiration and wonder)—as opposed to a stance that encourages them—is a self-imposed
restriction at best. It is self-defeating and harmful at worst. Proponents of anti-human spaceflight
views must therefore take care that those views are not anti-human in some way.
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3. COUNTER-RESPONSES IN FAVOR OF HUMAN
SPACEFLIGHT

Dr. Weinberg [2] seemingly aims to minimize or otherwise deflate HSF positions by
showing that the reasons in favor of HSF are either reasons for unmanned spaceflight or not
reasons for HSF at all. In this section, | address each of his responses as they appear in his article,
demonstrating that they fail to justify the anti-HSF position.

3.1 ON SCIENCE

Dr. Weinberg points to examples of unmanned missions that have contributed to
scientific discovery. Unmanned missions are unquestionably important and vital", but that is not
disputed. Providing unmanned examples demonstrates that other forms of spaceflight can provide
scientific knowledge, but it does not in any way diminish existing or potential scientific benefits
of manned missions. It also neglects the fact that not all knowledge can be acquired by unmanned
means of exploration. The idea is for human beings, ourselves, to enter space, and to engage in
scientific, exploratory and developmental processes that will elevate, benefit and protect
humanity. "The ultimate goal of space exploration is human exploration and as such Human
Spaceflight is the main component” [5]. The attempt to minimize the scientific benefits of human
spaceflight falls short.

He says that the locations where unmanned telescopes are placed are currently
inaccessible and that repair missions will “probably never be cost-effective”. However, we cannot
assume distant locations in space will never be cost-effective, because economies are in fact
mutable. Needless to say, it would also be an unreasonable to hold that we should avoid
advancing the state of the art to make them accessible. Very simply, inaccessibility in the present
is no reason to neglect making it accessible in the future.

Dr. Weinberg’s assertion that I can point only to one type of human scientific study
(suggesting there are few) does not hold up. The presentation of a non-exhaustive list of examples
neither implies that there are no others, nor that they cannot be offered. The scientific benefits of
human space exploration have been discussed time and again by others far more knowledgeable
and elogquent than myself, but | will nonetheless list some additional benefits, below.

The added assertion that “[...] the only possible importance of [research into
microgravity effects of humans] is as an adjunct to a program of human space flight” [2, p.229] is
a curious one. This research is obviously a central part of human space exploration. Its
importance rests firmly in learning how people can safely travel through (and thrive in) space for
extended periods. Without this knowledge we would be venturing recklessly. As such, it is a
necessary precursor for long-duration missions, and part of the capability-development of
manned missions. This research also expands our biological knowledge, which can spur novel
discoveries that can be applied to solving biomedical problems. The European Space Agency

© Robert J. Rovetto, 2013-2016. All rights reserved.



(ESA) publication “Benefits of Human Spaceflight” states: “In the long-term, this physiological
research will pave the way for humans to travel beyond Earth orbit and begin the exploration of
other worlds.” [6, p.22] In other words, scientific research conducted by persons in the space
environment is a necessary condition for sustainable human presence in space. It is also an ethical
necessity, a responsibility, if we are to safely venture beyond Earth.

Below is a list of citied scientific and technological benefits of HSF. Key phrases are in
bold text. The reader may also wish to review the benefits as described by Julie Robinson, Chief
Scientist of International Space Station (1SS) ["].

o Cancer research [']

o Osteoporaosis research [6, p.27]

o The study of muscular atrophy in microgravity is important for understanding “[...] the
deterioration in muscle performance caused by prolonged disuse and ageing” [6, p.29]

o Professor P.E. Di Prampero of the University of Udine in Italy has said of the techniques resulting
from life science research in space flight that they are now "[...] utilised to prevent the decline of
muscle power caused by old age, neuromuscular diseases or prolonged immobilisation." [6, p.21]

o Professor H.C. Gunga of Charite-Medicine Univesity of Berlin says “Systemic research on human
cardiovascular physiology [...] under microgravity conditions has revealed several important results
that have improved our overall understanding of the physiological and pathological mechanisms.”
[6, p.23]

o Paraphrasing Dr. G. Clement, Faculte de Medicine Rangeuil, France: research into “[...] the adaptive
mechanisms of spatial orientation” in microgravity may contribute to research into balance
disorders. [6, p.25]

o Micro RNA research. “The team’s investigation will compare the cells in spaceflight with those on the
ground to identify unknown functions of microRNA and the functions they regulate in our bodies.
Comparison of the space and Earth-based data will improve scientific knowledge of the fundamental
biological processes critical for maintaining normal cell function.” [43][41]

o "[...] biotechnology experiments on the growth of cells, tissues and bacteria, with potential
applications in medicine, agriculture and environmental management (e.g. biological air filters
and biosensors)." [6, p.16]

o “Sam Scimemi, director of the Space Station division at NASA Headquarters, recently said, ‘Using the
[International] space station to investigate ways we can improve communication rates with spacecraft
beyond low-Earth orbit is another example of how the orbital complex serves as a stepping stone to
human deep-space exploration.”” [42]

o Professor G. Morfill, director of the Max-Planck-Institute, has described plasma research on the 1SS
saying: “The experiments yielded so much new and unexpected science-sometimes it simply took my
breath away. And there’s more to come...” [6]

o The microgravity environment affords “[...] manufacturing processes not possible on Earth’s
surface”, an example being the production of alloys that cannot otherwise be produced in a
gravitational field. [7, p.4]

o Combustion science research toward the better management of fire hazards and disasters.

"The human presence in space is a key factor in enabling new technologies to be tested in
microgravity, leading to advanced solutions that provide benefits for power generation,
transportation, safety and standard of living."[6, p.57]

A critic of HSF cannot justifiably criticize any perceived lack of results, or limited return
on investment, by focusing on HSF or the space agency in isolation from the wider socio-
economic and political context. This is critical to understand. That context—Ileadership, policy,
resource and funding allocation, educational sophistication of the workforce, and world events—
has effects that need to be taken into account. Any of these contextual factors can detrimentally
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affect the success of a given project. The question of whether the ISS, for example, is being
utilized properly, and whether funds are being allocated properly, is independent of, and does not
detract from, the value of HSF itself. In short, it is not a case against HSF, but a call for
improving the situational context.

Furthermore, by its very nature research takes time, and even failures provide invaluable
knowledge. Consider this 2007 article that addressed Dr. Weinberg’s anti-HSF remarks.

“It is not possible to predict all of the benefits that either the human space program or
particle physics research will do for our country, but that does not mean that the searches
are not worthy. It is important for us to pursue, and solve, the deepest questions of the
universe, just as it is important for us to explore our solar system and eventually live
beyond the confines of our home planet. Our descendants will thank us for both pursuits”

[8]

We must leave room for the unknown discovery. A similar idea is expressed by the International
Academy of Astronautics 2010 Human Spaceflight Study Group Report:

"The answers are not yet available but considering the limitless benefit offered by Human
Spaceflight and the concrete benefit generated by the required enabling technologies
developed, it is reasonable that nations invest in their future, knowing that any
investment presents risk™ [5, emphasis added]

“It is unrealistic to judge the ISS based on its short-term payoff; by that standard,
virtually all basic research in the sciences would be judged a failure.” [44]

We should therefore scrutinize claims that express impatience with the research and
development process. At the same time, we should not be impatient with regard to pursuing HSF,
i.e., we must not venture hastily.

Moving on to the next response again HSF, it is false that microgravity research
“disappears” [2, p.229] as a justification if given any reason against HSF. Some critics, for
example, erroneously use monetary expense to argue against HSF, but this purported reason
cannot eliminate the value (broadly construed) of the particular research.

Monetary cost is not a determining reason against HSF. Using it as such is far too
simplistic a stance. As Dr. Ian Crawford, says, “[...] it is really an argument for reform of the way
NASA?s budget is allocated by the US Congress rather than for the abandonment of a human
space flight capability.” [9] This is an example of a contextual factor (mentioned above) that is
falsely used as a reason against HSF. Dr. Crawford and others have also pointed out that financial
arguments are insufficient because the national costs of spaceflight have, in reality, been marginal
as compared with overall national expenditures [10]. Spaceflight is affordable. Dr. Neil Degrasse
Tyson has also fervently expressed his views against the idea that the United States cannot afford
to fund spaceflight. He has communicated worries that congressional decisions to cut NASA
funding do not factor in the negative consequences of those decisions. Indeed. On these points,
see [11][12]".

Excessive preoccupation with cost and purported inaccessibility is inherently stifling
because it focuses on limitations as if they could not be remedied. That is, it focuses on the
negative. It appears to express an unwillingness to improve the situation, and thus a disregard for
the future. It thereby has a retrogressive affect in that it neither considers existing options for
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beneficial reform, nor future potential. If we think in this manner we have already failed by
narrowing the space of what is possible. Only a future-directed attitude will do.

Finally, to assert that unmanned or robotic missions can perform experiments more
reliably is no doubt true for some tasks, but as a general statement it exaggerates the current level
of unmanned technology. Human presence provides real-time (re)actions to changing
environments and problems that may arise therein. It provides a level of general flexibility and
manual dexterity that unmanned technologies do not presently offer. This translates to
accomplishing tasks in less time. The time-delay to manage (diagnose, troubleshoot etc.)
remotely operated vehicles demonstrates the benefits of in situ human activity. In situ resource
utilization is a necessary part of space development, and human presence makes it more efficient
and effective.

Additionally, the firsthand experience acquired and communicated by astronauts is
invaluable. The phenomenological aspect of human spaceflight, and the knowledge it brings, is
not something that artificially intelligent robotic systems can provide. They may transmit (near)
real-time video presentations, and virtual presence using robotic avatars may provide an
approximate direct experience, but these are quite different (and detached) from actual human
presence in which a person interacts with their environment in an unmediated fashion. In short,
"fully autonomous robots are still far from being able to duplicate the cognitive performance of a
human"[13, p.347]. They do not come close to the human intelligence, creativity, improvisation,
imagination, and problem-solving, specifically. We need the dynamic interplay of human beings
and their environments to gain a broader picture of the space environment. For a more detailed
discussion on robotic and human exploration, see [14].

"True, we can learn something by observing the heavens from Earth, or near-Earth. But
to really understand the cosmos, we need to get out of the house, cross the street, and
begin to explore the neighborhood.” [15, p.39]

"Although we can send spacecraft and robots out to explore space for us, space
exploration is at its most satisfying when carried out directly by a human being." [16,
p.121]

"Thus it is humans, not machines, who must finally go into space” [17]

Once again, unmanned and manned modes of spaceflight are not mutually exclusive
and should not be presented as such. "Because science is at the foundation of space exploration, it
is important that NASA continue its intertwined paths of human and robotic exploration of
space."[18, p15] We can all accept that human space travel will be a vital necessity at some point.
Given the current limitations of space situational awareness and our ability to defend Earth, that
point may be at our doorstep sooner rather than later. It does not make sense to avoid gaining
first-hand experience, knowledge and capabilities before that time. To do otherwise is to not only
stunt our growth", but play dice with our Earthly fate.

3.2 ON INTERNATIONAL COOPERATION
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Dr. Weinberg has cited scientific projects other than space exploration that involve
international cooperation. It is undisputed that such projects, e.g., research into usable
thermonuclear power, are both significant for human progress and involve a great cooperative
aspect. However, this fact neither minimizes, nor invalidates, the cooperative achievements and
potential of HSF missions.

Foreshadowing the inspirational benefit of HSF (section 3.4), it can be argued that some
of these other projects are not as accessible to the non-specialist public. They may lack the
conspicuously positive impact on the human spirit that manned space exploration has had"", and
will continue to have as greater space milestones are achieved. This is not to deny the positive
impact of other scientific endeavors, but only to say that there are certain aspects of HSF that
people can easily relate to and draw inspiration from.

HSF quite simply involves human beings. It involves a combination of technological
sophistication, physical exploration, and a variety of human elements. It demonstrates the
intellectual potential of persons, as well as the novel locations we can reach. Like the exploratory
expeditions of ages past, HSF shows us the places we can go and a sample of the activities we can
perform, leaving the rest to the creative powers of the imagination. It can instill (or create) a sense
of connectedness and unity. HSF is arguably more relatable than, and not as abstract as, some
other projects.”

For many, HSF touches that universal part of the human spirit to do goods works, to be
part of a shared purpose, and to know that we are efficient parts of a greater system. Paraphrasing
astronaut May Jemison at experiencing the sight of Earth from orbit:

“The perspective that stuck with me is that I am as much a part of this universe as any
speck of star dust. | have as much right to be here. It connected me with this greater
universe. That perspective of belonging was what was important to me.”’[19]

Positive effects such as these can engender and restore cooperative tendencies and diffuse
negative ones. Spaceflight can thereby afford “the rechanneling of the aggressive human
energies” [20 p.126].

“Space exploration provides a natural focus for international co-operation. In trying to
build a stable geopolitical environment on Earth, it must be desirable to increase the
range and depth of international collaborative projects. Human space exploration is an
ideal candidate for enhancing a sense of international solidarity as it is highly visible
to the global public.” [21, P.19, emphasis added]

"Participation by other countries would be advantageous not only from the perspective of
encouraging global cooperation, but also in terms of creating opportunities for
synergistic research, risk reduction, cost-sharing and technology interchange."[22, p.78,
emphasis added]

Dr. Weinberg is obviously incorrect (and exaggerating) when he says “[t]he special
feature of manned spaceflight [...] is cooperation for no good purpose” [2, p.229]. HSF offers an
opportunity to help create a peaceful global community via cooperation and interdisciplinary
collaboration. The nature (complexity, difficult, vastness, etc.) of the very space enterprise
demands we peacefully cooperate. International cooperation is particularly vital at these nascent
stages of space exploration where the obstacles to overcome are many, the unknowns are waiting
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to be discovered, and the physical infrastructure is in need of advancement. The European Space
Agency says it succinctly:

“Human space exploration will be more effective and beneficial if planned and
conducted with international cooperation in mind from the beginning. Such efforts
represent a transition from the competitive beginnings of human spaceflight to one of
routine and comprehensive cooperation.”[23, p.9, emphasis added]

This transition signals growth for international relations, and increases the range of what can be
accomplished, not only in the space sector, but in other areas of society and life.

3.3 ON EXPLORATION

To claim that the public is (or would be) paying for the “thrills” of the “tiny fraction of
humanity” [2, p.230] that goes into space is exaggerated. It is doubtful that those who have
worked on, or who are minimally familiar with, the design, development and execution process of
a spaceflight mission will agree with him. Regardless of the argumentative value, | believe it safe
to say that most of the people involved sincerely believe in the value of the endeavor, a value that
is quite different from thrills. I, for one, would be immensely proud and motivated to work on a
NASA spaceflight project, and there are others from all backgrounds who feel similarly.

That only a small amount of people can go into space in the foreseeable future is not
support for critics of HSF. Just as scientific research takes time, so does acquiring the technical
capabilities to safely and reliably make HSF widely accessible. To halt HSF on that basis is to
make the situation worse by turning the small amount to no amount at all. Such a negative act
would harm the nation by neglecting areas of research and development that other nations are
rightly pursuing.

The effects would arguably be felt in other sectors of society. In reducing investment in
spaceflight, one danger is that a society may be reducing (albeit indirectly) the educational level
of its youth and potential workforce by removing an activity that requires a certain level of
intellectual sophistication and know-how. As Neil Armstrong said:

“A substantial current and long range threat is, and will be, the downward trend in
engineering degrees granted [...]. Equally disconcerting are the projections for reductions
in individuals grounded in science, technology, engineering, and mathematics.”[24]

Without the possibility for HSF, students have one less reason to study these fields, and
one less worthwhile aspiration in life. Take higher education as an example: [3, p.9] indicates the
number of PhDs in Math, Physical Sciences and Engineering increased relatively significantly
during the Apollo program but decreased after the last Apollo mission.

What a shame for our children to learn that they can neither venture into space nor
contribute to humanity’s astronautical knowledgebase because the research and infrastructure
required for doing so has been cut. Must we be forever content with peering through telescopes or
can we take the next steps toward seeing for ourselves. What a shame to tell our grandchildren
that they cannot go beyond the night sky to those distant points of light.
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As for Dr. Weinberg’s statement that the public gets more of a thrill from knowledge
acquired via robotic explorers, | reiterate previous points. Naturally, we relate more easily when
human beings are engaged. We share in their accomplishments, in the heights that have been
reached, in the challenges that have been overcome, in the risk of the voyage, and in the shared
humanity. They are role-models for many. For those of us that have not yet ventured into space,
we see through them what we and our progeny can achieve.

We must therefore be cognizant of the positive psychological impact spaceflight can
have, and how it contributes to human development at individual and collective levels. Seeing
others venture into uncharted celestial expanses, and then to chart them, triggers awe and wonder,
but also joy. It can instill a driving force in the observer, acting as a call to participate, as it has
for some who witnessed the Apollo Moon landings. It is a call worthy of being answered. In
transitioning to the inspirational rationale for HSF, consider the words of Dr. Carl Sagan:

“Exploratory spaceflight [...] elevates the general level of intellectual inquiry. The idea
that we've now understood something never grasped by anyone who ever lived before—
that exhilaration [...]—propagates through the society, bounces off walls, and comes
back at us. It encourages us to address problems in other fields that have also never
before been solved. It increases the general sense of optimism in the society. It gives
currency to critical thinking of the sort urgently needed if we are to solve hitherto
intractable social issues. It helps stimulate a new generation of scientists.” [25, p.129,
emphasis added]

3.4 ON INSPIRATION

Dr. Weinberg says that other physicists he has met did not enter the field because of
excitement about HSF. Be that as it may, | am confident that not only are there physicists, but
also engineers, pilots, technicians, administrators, policy makers, non-specialists, and students
who have been inspired by HSF, who are more than interested to go to space themselves and see
humanity peacefully thrive beyond Earth (myself included). If we look to university aerospace
departments, non-profit space organizations, individuals dreaming of being astronauts, and the
growing number of space agencies in the international community (not to mention past and
present astronaut cores) we would have views quite different than those Dr. Weinberg expresses.
I would direct the reader to [45][46][47].

Although no formal survey was conducted, given the anti-HSF stance, it is possible that
the uninterested physicists Dr.Weinberg mentioned represent a biased sample (if not a case of
cherry-picking). This would be an example of the logical fallacy of Hasty Generalization, i.e.,
basing a conclusion on a small sample. From their lack of interest, we cannot conclude that no
others were inspired by HSF or that it should not be pursued. For instance, no one would say that
lack of interest in medicine calls for the cessation of medical science.

“Most Americans [...] still have a very engaged reaction once they meet someone who
has experienced spaceflight. Young individuals, in particular, remain fascinated by the
possibility that they could one day travel to space, and that possibility appears to
motivate them toward excellence in their education.” [26, p.283, emphasis added]

© Robert J. Rovetto, 2013-2016. All rights reserved.

11



“With the loss of the Challenger and its crew of seven, we learned, to our surprise, how
much these adventures into space, into the future, mean to us as a people.” [27, P.82,
emphasis added]

"[HJuman spaceflight remains anchored in american culture and resilient in
meaning."[27, p88]

Dr. Weinberg’s indirect statement that human spaceflight does not involve “real science”
[2, p.230] is a curt way saying that either HSF does not involve scientific activity (which is false)
and/or that the scientific experiments conducted to date on manned platforms are of little
scientific value or that there are better experiments. | leave judgments of the latter two to others,
but given the previously mentioned experiments, it seems clear that worthwhile science is being
done. For further information see [28][29][30][31][32]. Very importantly, the data gathered by
astronautical science and spaceflight exploration is of use to various disciplines: biology,
medicine, meteorology, material sciences, etc. At the very least, the potential is there and we must
ensure that the ISS and other manned platforms are not underutilized. Aside from being
intentionally provocative, if his aim is to stimulate a rational and unbiased (re)examination of
existing or future scientific experiments for HSF missions, then by all means, but the above are
not reasons against HSF itself.

Moving on to the next remark, let us assume for the sake of argument that his analogy is
correct, i.e., that human spaceflight is a “spectator sport” in the sense that the majority of people
cannot directly participate. It does not follow that we should stop the sport all together. If it did
imply this, then we would be left with very few, if any, sports, and certainly no Olympic games,
not to mention a number of other professions only few are fortunate to enter. Why not work
toward making more so-called spectators into skillful participants.

Now, if we examine the analogy closer we may identify an instance of the logical fallacy
of False Analogy. That is, the proposed analogy may be inapplicable for the following reasons.
Football is a game/sport, whereas spaceflight is far from it. The sport does not require the degree
of scientific and engineering sophistication that spaceflight does. Moreover, the stakes (in any
meaningful sense of the word) are higher in HSF. Finally, HSF has a potential for creative growth
that a game—which is restricted to a set of arbitrary rules—arguably does not. This is not to
disparage sporting events, but only to show that the ploys used to minimize HSF do not work. If
this is correct, then the analogy is far too simplistic, and the similarities one would expect in an
(argument by) analogy are not present. Dr. Weinberg’s responses, then, are insufficient to refute
support for HSF and its inspirational rationale.

* % *

Human presence, sustainable activity and infrastructure (e.g., colonies) in space
demonstrates the realizable aspect of human potential that otherwise may not have been known to
exist in the minds of individuals. We see what we are capable of. This is indubitably a source of
inspiration. Like other pursuits, it elevates the mind, and uplifts the spirit. In the ideal case,
inspirational effects in tandem with a proper social and educational systems lead to the growth of
new thinkers. The capacity to progress nations and humanity as a whole has thereby been
increased in the population. This should eventually yield scientific, technological, philosophical
and social advancements, i.e., manifestations of that increased capacity. Part of this must include
solutions to terrestrial problems (illness, poverty, etc.). I do not intend to hyperbolize, but
spaceflight (in addition to other human activities) is a means to elevate persons to higher states of
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purpose, ability, intellect, and sense of self. See [33] on the personal and positive psychological
impact of humans in space can have.

“[...] More fundamentally, a sense of purpose and achievement is important for the
wellbeing of any civilization, and space exploration may be one of the few such
options open to us. That societies and individuals need something like this, even if most
people can only participate vicariously, has been noted by several thinkers over the years.
[21]

"Human exploration of space can engage the public in new ways, inspiring the next
generation of scientists and engineers, and contributing to the development of the future
workforce in science, technology, engineering and mathematics (STEM) [as well as the
arts and humanities]. By viewing other planets as well as our own from deep space,
exploration helps to shape human perceptions of our place in the universe."[22, p.33]

In a presentation Astronaut Chris Hadfield explains being inspired by the Apollo landings:

“[W]hy would we take that risk? Why would you do something that dangerous? In my
case the answer is fairly straightforward. | was inspired as a youngster that this was what
I wanted to do. | watched the first people walk on the moon and to me, it was just an
obvious thing -- T want to somehow turn myself into that.”*

We must not underestimate inspiration, awe and wonder for they stimulate the imagination
and often lead to discovery, knowledge, great works, passion and a sense of purpose.

3.5 ON SPINOFFS

Dr. Weinberg is correct in that other large-scale projects are likely to produce spinoffs,
but this too does not justify denying ourselves HSF. It does not deflate the beneficial spinoffs
from HSF. The novel environments and conditions of spaceflight present a great potential for
novel discoveries that may otherwise be unattainable by restricting ourselves to terrestrial
projects. Mr. A.G. Aubert, Secretary General Eurospace Paris, France has said:

"Innovation is, without any doubt, one of the main drivers of economic growth. What
other domains can rival human spaceflight, where everything has to be invented, in terms
of bringing new technologies, discoveries and inventions?” [6, p.63]"

We also read:

"By stimulating cutting-edge technology, European human spaceflight-related research
has led to the creation of more than 40 small- and medium-sized companies and several
thousand new jobs. The new, high tech SMEs [subject matter experts] agree that what
they learn from their space projects in terms of scientific principles, methods and
technical and managerial expertise is particularly important as a basis for their future,
non-space developments" [6, p.64]

Dr.Weinberg is incorrect in saying that the goal of keeping people alive in space has no
value on Earth. First, investigation into maintaining human beings in space falls, in part, within
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the scope of the life sciences. What we learn may therefore be applied to biological and medical
science on Earth. Again, the novel environments, and what we learn from interacting and
experimenting in them has the potential to spur new innovative ideas, discoveries and
technologies.

Second, keeping ourselves and posterity alive in space is self-evidently of the utmost
value; it is our survival but also our development. This provides a moral impetus to do just that,
including the development of planetary defenses from natural hazards. What more, aside from
beaming with pride and joy at the news that their son or daughter is the next space explorer, any
parent would want the know-how and technology in place to ensure the thriving of their children
in space. To state the obvious, this calls for continued ever-advancing research and development
in astronautics and space sciences.

Both human and unmanned forms of spaceflight make demands on science and
technology. As we have seen, HSF introduces additional demands that stand to benefit citizens of
Earth and progress humanity for the long-run.

"Human spaceflight is a technologically intensive activity, and during its execution new
technologies are derived that have benefit to other government and commercial users of
space, and to products that touch Americans daily. Access to and development of space
is critical to our national welfare, and a well-crafted human exploration program can
help to develop competitive commercial industries and important national
capabilities"[22, p.33, emphasis added]

3.6 ON HUMAN SURVIVAL AND FLOURISHING

Dr. Weinberg agrees with survival as a reason for HSF, but says it is “[...] a task for the
distant future”. From one standpoint, this is an alarming statement for at least two reasons. First,
it communicates, in effect: just leave it to the next guy. The next guy, however, is our children
and their children. If this idea is seen through to completion, it implies that we need not take steps
to prepare (or otherwise help) our descendants to protect themselves. Where is the concern for
posterity? Would this not express a disregard toward the future? It is one thing to allow a child to
get a scrape so that they learn to look where they run, but it is quite another to allow future
generations to take on the task of, say, planetary survival by neglecting the research and
development of infrastructure and capabilities that will allow not just survival, but flourishing.

The second reason for consternation is this. The assertion seems to presuppose that
nothing of consequence can occur between the present and the distant future when the life stages
of our sun endanger the Earth. This is an example of the Normalcy Bias or the fallacy of wishful
thinking. As such it is fallacious. More to the point, (a) near-Earth asteroids have passed, and will
continue to pass, close to Earth; (b) our knowledge and tracking capabilities of near-Earth and
deep-space objects, not to mention our abilities to defend against them, is limited; and (c) we
cannot exclude the possibility of as yet unknown potentially life-threatening astronomical
phenomena. Consider this statement: “Earth will experience a close call on Sunday, as an asteroid
discovered only a few days ago is expected to safely pass very close by.” [40] The point is that
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the current state of space situational awareness (SSA), and our ability to defend against hazards to
our terrestrial home must be improved. We need to acquire and proliferate knowledge of
astronomical processes and advance planetary defense capabilities. Given the global nature of the
threats, a global effort is called for, and HSF is part of the effort.

The universe will not wait, so to speak, for us to be ready. As any astronomer knows, the
Earth is not isolated, but is part of a wider dynamic system, which is itself part of wider systems.
We do not know enough about the causal interplay of these astronomical entities to sit back for
generations with a self-imposed diminished capacity for scientific and technological
advancement.

“[W]e can be sure that without the global knowledge that requires space science we will
simply have no choice to make. Our descendants will suffer for it; and eventually our
species will disappear at the earliest cosmic inconvenience.” [34, p.16]

"If there is not a constant drive to advance our current technologies, then there is a very
real risk that we will in the future be unable to respond to planetary threats." [4, p.87]

Inaction in the present can mean no possible action in the future. Whatever the perceived
odds may be, we must not wait for some astronomical and global catastrophe before acting. Other
species do not have the ability to prevent their own extinction, but we do. Just as neglect and cost
or corner-cutting in the manufacturing of products on Earth has led to the deaths of end users, so
it can be in the space domain...but at a global scale.

Survival is not a task for the distant future. We have both a natural intellectual curiosity
to study the universe and arguably an obligation to venture through it, harnessing its laws to
ensure our future survival and flourishing. We must act rationally and productively in the present
to build a better future for ourselves and posterity. The Founding Fathers of the United States, the
European intellectual tradition from which they originated, and many others in the history of
thought, would not dare say that a task of great importance that is at least partially addressable in
the present is best left as a burden for our children to bear tomorrow. They would not allow what
could be done today to be done tomorrow and certainly not eons from now.

Developing a permanently space-faring humanity will not occur overnight, but
progressively over time. There is no reason to avoid taking steps now, some of which include
research into self-sustaining colonies. Dr.Weinberg appears to agree, as evidenced by his
acceptance of the survival rationale for HSF and his mention of using Antarctica for colony
research. Perhaps this is indication that he is not diametrically opposed to HSF simpliciter.

This project concept, like that of moon bases, is shared by many, and is a prudent
strategy. We should use available terrains (including the ISS) toward stable and self-sustaining
structures on the moon, Mars and beyond. This in no way implies the abandoned of HSF, but
rather directs attention to the requisite steps for safe and successful HSF: the acquisition and
development of the knowledge and engineering capability necessary to see missions safely
achieved, and to form permanent extra-terrestrial colonies. In addition to direct planetary defense
R&D, taking these steps will put us on track to protecting ourselves (and the Earth) from natural
space-borne threats.

This ends my counter-replies to some anti-HSF remarks. | will conclude this section with
further points about Moon colonies, followed by discussion.

© Robert J. Rovetto, 2013-2016. All rights reserved.

15



* * %

It is worth communicating that statements to the effect that “We’ve been there already”
(e.g., the moon) are short-sighted at best, and dangerous at worst. This is especially true when
uttered by public officials/authorities™. The moon, like the ISS and terrestrial locales, is a low-
hanging fruit, and we should grab it. With such a proximate and stable resource, it is an obvious
platform for a proof-of-concept, training ground, and a stepping stone. Astronaut Neil Armstrong
argued on more than one occasion for the moon as a step beyond low earth orbit, and there are
legitimate scientific reasons and terrestrial applications for doing so [48]. Following in the
footsteps of project Apollo, our exploratory progenitors, the moon is a natural next step.

Other nations will not stop at a single manned visit to the Moon (or Mars), and then
exclaim that they’ve been there, done that. They will return and it will not be to sightsee: they
will explore, perform scientific experiments, develop, and in the process forge lasting and
peaceful cooperative relationships...and they are right to do so. “America cannot maintain a
leadership position without human access to space.”’[24], and as Dr.Tyson says “[...] here in
America | see our infrastructure collapsing and no one is dreaming about tomorrow.”[37]. If it is
true that no one is dreaming of tomorrow, then anti-HSF attitudes and actions will certainly not
help.

4. DISCUSSION

Although decisions of formal committees cannot remove the intrinsic worth of
spaceflight, those reviewing spaceflight programs have on more than one occasion concluded in
favor of HSF. The National Research Council Committee on Human Spaceflight, for instance,
published a report [35] on their findings regarding the United States Human Spaceflight Program.
The report discusses HSF rationales consistent with those mentioned here (and elsewhere by
others), dividing them into pragmatic and aspirational rationales. The former include: economic
stimulation, national security, education and inspiration, and scientific discovery. The latter
include: human survival, shared destiny and aspiration to explore.”™ Likewise, a 2008
Massachusetts Institute of Technology report states that benefits include exploration, national
pride, and international leadership and prestige [36, p.2]. We also have the 2005 (and more
recent) publication "Benefits of Human Spaceflight” [6] from the ESA.

The committee rightly concluded that a combination of these rationales argues “[...] for a
continuation of the nation’s human spaceflight program” [49] . This conclusion—one of
combined benefits of human spaceflight—is similar to Professor Crawford’s view that a holistic
perspective of scientific and other factors [10, p.47] is necessary for HSF. The rationales of
problem-solving, ensuring survival and human flourishing are more than sufficient to support
(human) spaceflight, however.

Peaceful and responsible human spaceflight that seeks to advance our knowledge,
technology and infrastructure is inherently life-affirming. There is nothing about HSF itself that
would call for its cutback or elimination. Anti-HSF proponents are misguided if they claim there
is something wrong with it in principle. Yet HSF is often questioned because of monetary or
political factors (or agendas), ignorance, or shortsighted gain of some kind. These considerations,
however, do not reflect negatively on the activity of human spaceflight itself. Instead, flaws

© Robert J. Rovetto, 2013-2016. All rights reserved.

16



should be found in the economic, political, and broader social contexts that negatively impact the
development and success of beneficial HSF programs. Barring some extraordinary conditions™,
were it not for political, financial, or otherwise some disruptive factors, | suspect that any rational
and thoughtful person would support HSF (and spaceflight in general). Vis-a-vis the survival
rationale we read: “[...]Jmost reasonable people would then find it as a strong justification for the
exploration and colonization of outer space”[34].

“All space-faring states agree on the need and desirability of maintaining human space
activity in LEO [Low Earth Orbit] and of extending human missions to go beyond LEO
(e.g., the Moon, Near Earth Objects), in coordination with robotic precursor missions.”
[23, P.53]

Support for the inspirational benefit of spaceflight, consider the testimony of Neil A.
Armstrong before the Committee of Science and Technology at the United States House of
Representatives:

"If one of the goals of government is to motivate its citizenry to ’be the best that they can
be’, few government agencies will surpass NASA in that function. I have met countless
now middle aged adults who credit NASA’s human space programs for inspiring them to
study hard in order to master and excel in their chosen field." [24]

He is absolutely right on a number of fronts. NASA’s role is not merely as an engine for science
and technology, but also for inspiration. Moreover, it is (or should be) a rock—a point of
stability—for proactive, cooperative, peaceful, and responsible public dedication to spaceflight.
In short, public space agencies have at least two functions: one science and technology
development, and two, serving as a symbol for dedication to peaceful spaceflight.

Unlike commercial or private sector companies that can come and go, institutions, such
as the ESA and NASA, can and should persist in remaining science and technology-drivers, as
well as engines of inspiration for all persons. Unlike the former, whose persistence may largely, if
not entirely, depend on profitability, public space agencies do not have this dependency. The
constancy of a nationally-dedicated space agency arguably mirrors the intangible benefits and
aspirations of peoples. They must be centers for higher purposes.

Dr. Tyson expresses legitimate concerns about the progress of both NASA and the United
States when he says:

“The National Aeronautics and Space Act of 1958 makes NASA responsible for
advancing the space frontier. [...] we need something to keep the flame fanned. And
that’s the effect of NASA on who and what we are as a nation" [37]

We need leadership that will support that responsibility. Space policy professional John
Logsdon says: “[...] we need JFK-like leadership to be equally clear in purpose and equally
convincing in arguing for moving to a new era in U.S. human spaceflight”[50]. Public space
agencies in conjunction with proper (1) leadership, (2) public educational systems, and (3) one or
more long-term and sustainable visions/missions for spaceflight (manned and unmanned) will,
indeed, continue to fan the flames of inspiration and innovation. It will blaze new trails for
citizens of the world to follow.
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The sense of responsibility attributed to an organization, and formally expressed in the
1958 Space Act, can be understood as (or based on) a sense of responsibility for persons. On this,
consider the following description of the spaceflight experience.

“[...] a humbling feeling. It’s a feeling that says you have a responsibility. It’s not for
yourself. [...] you’re a piece of this total life [...] and you have to bring that back
somehow. That becomes a rather special responsibility and it tells you something about
your relationship with this thing we call life [and existence].” [20, P.12-13]

For those that feel this at intellectual, spiritual and/or emotional levels (levels which are
in fact interrelated), HSF is an obvious if not self-evident path for the near-term future, and quite
certainly for the long-term. It is recognition of our positive potential (and rightful role) as co-
creators in the universe. In this sense it elevates the mind and heart.

Finally, in their 1985 report [38] the National Commission for Space developed a human
space exploration and development program. In describing the Commission’s principles of space
exploration as analogous to those of the Declaration of Independence, White [20, p.129,131] says
that the principles cited by the Commission are self-evident. For many of us, HSF and spaceflight
in general are self-evident (or nearly so). Yet it seems we must remind ourselves of its
significance in order to ensure that we have our sights on the stars, i.e., on positively developing
the future for the benefit of all.

5. CONCLUSION

I have defended spaceflight, broadly construed to include human and manned space
exploration, science and development, by (i) providing counter-responses to anti human
spaceflight remarks, particularly by Dr. Steven Weinberg; (ii) stressed that each form of
spaceflight—manned and unmanned—has critical roles to play, and (iii) emphasized the
importance of national or publically-funded space agencies.

The Apollo program gave us more than a glimpse of our capabilities. It planted a seed
that has been calling for water. For many of us, and undoubtedly for those who experienced the
landmark events, that call echoes in our souls. Project Apollo instilled an enthusiasm, optimism
and confidence about the future, spurring the question: what else are we capable of?*"' We must
also ask: Given that we know and what we are capable of, won’t limiting spaceflight have the
opposite effect in one form or another?

Assume for the moment that there is other spacefaring sentient life beyond Earth.
Imagine these space explorers pass the Moon, and glimpse the artifacts of Apollo. Will they
wonder and ask us why we have not returned, why we have not explored and grown beyond
Earth? ...or will they simply pass on by.

Regardless of any national political or military motivations of project Apollo—
motivations that were likely not held by all individuals involved™", mind you—what endures and
is common to any peaceful HSF endeavor is something else entirely. "Beyond all the political and
economic rationales, spaceflight is a spiritual quest in the broadest sense, one promising a
revitalization of humanity and a rebirth of hope"[17] What endures, and what is common is that
which is fundamental to the heart of humanity: it is, in part, the striving to better ourselves and
help one another via ideation, inquiry, creation, education, exploration, cooperation and
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discovery. We experience this intertwined with curiosity, awe and wonder. It ultimately
culminates in joy (at the moment of discovery), and an experience of the sublime (at moments of
reaching new heights) as we did with Apollo. These are the echoes of Apollo, and they call for us
to hear them clearly.
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" <Positive development” and ‘uplift’ are not explicated here except to say that they are used in at least in the sense of
doing good; increasing the human beings ability to do good, improve, realize their potential, contribute, cooperate, and
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so on. They have to do with touching that part of the human spirit that seeks to grow, have a positive effect, and do
good. It may be helpful to remind ourselves of Article I of the United Nations outer space treaty of 1967, which states
that space exploration is for the benefit (and province) of all. URL.: http://history.nasa.gov/1967treaty.html,
http://www.00sa.unvienna.org/oosa/SpaceLaw/outerspt.html

" From a philosophical perspective, the concept of natural human progress raises questions, but | interpret these quotes
as being consistent with the sort of positive direction and uplifting of humanity I have in mind. Natural human
progression, is (or should be) an inclination, drive or natural directedness toward greater levels of good, positive
development, and quality of life. It is toward generating conditions that better afford persons the ability and resources
to realize their creative potential, and their potential to do good, e.g., solve problems, help others, etc. Aside from the
common rationales, | believe spaceflight is an activity that moves in that direction if coupled with scientific and
technological investigation and a sense discovery and exploration. Persons may not act in altruistic or beneficial ways,
but I believe it is an inherent human drive, one that can become obscured by the many harmful socio-psychological
influences that surround us from birth. These are by no means simple topics, but this will suffice for the present
communication.

" Unmanned exploratory vehicles, for instance, make spaceflight safer by: serving as scouts; providing situational
awareness; performing survey missions, and thereby returning precious data that allows us to assess the environment
for further exploratory potential, including manned missions. Photographic and video footage by unmanned systems
display the beauty and mystery of the cosmos, stir the imagination, and offers (or triggers) new conceptions of the
universe and our relation to it. This is to say nothing of communication satellites and other critical space assets.

V http://www.nasa.gov/sites/default/files/files/Could-Y ou-Choose-Just-One-2013-09.pdf

V http://blogs.nasa.gov/ISS_Science Blog/2013/11/01/top-space-station-research-results-countdown-one-new-targeted-

method-of-chemotherapy-drug-delivery-clinical-breast-cancer-trials-now-in-development/

Vi See also: http://www.youtube.com/watch?v=CblZU8cQWXc , and
http://www.penny4nasa.org/2012/08/09/we-stopped-dreaming-episode-2-a-new-perspective/

Vil Growth along internal (mental, emotional, spiritual, etc.) and external (physical, technological, exploratory, etc.)
dimensions.

Vil Gompare the Apollo Moon landings and their positive influence on the psyche of many in the Apollo-era generation.

* This partially depends on the quality and degree of public outreach, media attention, and the public educational
level/system, among other factors.

* See this website for the video and transcript:
http://www.ted.com/talks/chris_hadfield_what_i_learned_from_going_blind_in_space

X The reader may consult the NASA’s Spinoff webpage (http://spinoff.nasa.gov/) and brochure for specific examples.

Xil See: http://www.nasa.gov/news/media/trans/obama_ksc_trans.html. I was utterly flabbergasted upon hearing that
statement, a combination of disbelief and frustration, as well as embarrassment for the nation.

Xl The latter can be understood as overlapping with the idea that space exploration is the natural progression of
humanity.

XV See also: http://wwwB8.nationalacademies.org/onpinews/newsitem.aspx?Record| D=18801

* E.g., a pandemic or natural disaster, for example.

I paraphrase astronomer Carl Sagan as heard in:
http://www.youtube.com/watch?v=8Xtly-dpBeA&index=8&list=PLF17F07CFC3208E29
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i 1n all likelihood, many were motivated primarily by novel scientific and engineering pursuits, or by the pursuit of
space exploration itself.
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