
Preface

Spacefaring is a partnership involving technology and people. This
book looks at the human side of the partnership: why people are will-
ing to brave danger and hardship to establish a human presence in
space, how human behavior and culture have shaped past and present
missions, and how they may shape future missions as well. Our journey
begins with the earliest flights and looks forward to space tourism,
space settlement, and interstellar travel, but the emphasis is on the next
steps toward human occupation of space: the completion of the Inter-
national Space Station, a return to the Moon, and the arrival of hu-
mans on Mars. In addition to taking a close look at spacefarers them-
selves—how they are selected, how they are trained, how they live and
work, what they do on furlough and after retirement—I will also con-
sider the broader organizational and political contexts that shape hu-
man progress toward the stars.

The book begins with the question of human motivation: why
should people be interested in space in the first place? Space advocates
point to the scientific and educational advantages of human space ex-
ploration. We are beckoned by an endless stream of scientific projects,
including the prospects of conducting astronomy on the Moon and
looking for signs of life on Mars. Space exploration is a focal point for
engaging children in science and developing the intellectual and human
resources so crucial for the success of the next generation. Space offers
economic opportunity, through beaming inexpensive power to Earth,
mining the asteroids, and otherwise taking advantage of the cheap ma-
terials and unusual environmental conditions that exist in space. Per-
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haps outer space will accommodate human expansion and ameliorate
the problems that flow from overtaxing Earth's resource base. Beyond
this, many people believe that space exploration will help us grow
psychologically and spiritually, perhaps offering us endless renewal on
a never-ending frontier.

Chapter 2 develops a framework for understanding the psycholog-
ical and social dimensions of spacefaring. Human factors, narrowly
defined, are human capabilities and limitations in relation to jobs, ma-
chines, and work environments. Human factors engineers design
equipment, arrange workspaces and tools, and establish procedures
that promote efficient performance. Human factors broadly defined
extend to include personality, interests, attitudes, social relations, and
culture. Human factors broadly defined comprise the focal point of
this book. To understand the future of humans in space, I draw on
studies of people in space itself, autobiographical and biographical ma-
terial on spacefarers, and documentary accounts. Recent missions, es-
pecially the Mir and shuttle-Mir missions, have added tremendously
to our knowledge base. We have also learned from human experience
in spaceflight-analogous environments such as submarines, polar out-
posts, and other settings characterized by isolation, confinement, and
other conditions that we associate with space.

Outer space is lethal and improvident. Transportation to and from
outer space is extremely dangerous, and we should rejoice that so few
spacefarers have lost their lives thus far. These harsh conditions shape
spacecraft designs, life support systems, equipment and supplies, and
regimens for preserving life and health. Because we have not evolved
in Earth orbit, on the Moon and on Mars we must be inventive just to
survive.

Chapter 3 explores some of the basic hazards of spaceflight, includ-
ing acceleration, microgravity, and radiation. Among the undesirable
biomedical consequences of life in space are space adaptation syn-
drome, muscular (including cardiovascular) deconditioning, altered
immune systems, bone demineralization, and radiation poisoning. Cer-
tainly these effects are daunting, but so far there have been no "show-
stoppers," because we understand the courses of these conditions and
have adequate-to-good countermeasures to prevent them from spiral-
ing out of control, at least during missions that currently are on the
drawing board. The chapter considers how to equip spacefarers to deal
with everyday health problems (such as toothache and appendicitis),
as well as with accidental injuries and the medical conditions (such as
space adaptation syndrome) that we associate with space itself.
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Chapters 4 and 5 extend the discussion of keeping people alive and
well in space. Chapter 4 begins with a retrospective and prospective
look at spacecraft and habitats, including the U.S. and Russian space-
ships of the Mercury through Apollo eras; and space shuttles and space
stations, including Skylab, Salyut, Mir, and the International Space
Station. These examples help us understand requirements for safe and
secure transit vehicles and habitats that can withstand temperature
extremes, vibration, corrosive dust, and other threats. This introduc-
tion helps us understand the evolution of life support systems that
maintain a satisfactory atmosphere, keep temperature and humidity
within tolerable limits, guarantee adequate supplies of water and food,
and assure acceptable levels of hygiene. Over time, humans will be-
come less reliant on expensive resources imported from Earth and more
reliant on inexpensive resources already available in space.

Habitability refers to the quality of life within an environment. Hab-
itability depends to a greater degree on the specifications of the space-
craft and to a lesser degree on the attitudes and expectations of its
occupants. Initial voyagers to previously uninhabited regions are
forced to accept minimalist conditions, but those who come later re-
quire better accommodations. Chapter 5 reviews volumetric require-
ments, environmental legibility, windows and viewports, privacy, aes-
thetics, decor, and other factors that determine the quality of life in
space. For years to come, it will be more difficult to assure a high
quality of life in space than on Earth, but in the distant future space
may be the more congenial setting.

Chapter 6 explores the technical, emotional, and social strengths re-
quired to do well in space. Initially the province of white male test pi-
lots, space is now home to men and women from many different back-
grounds and with many different interests. Today, selection teams seek
candidates who are in good health and physically fit but not necessarily
fitness buffs, who are exceptionally competent in their technical fields,
who are highly motivated and emotionally stable, and who can get
along with one another. Once chosen, candidates are trained in the op-
erations of the spacecraft as well as in how to conduct scientific exper-
iments or do other assigned tasks. Psychologists understand the condi-
tions that promote effective learning, and we will see how these are
incorporated into U.S. and Russian training programs. The goal is
more than merely to assemble a collection of highly trained individuals:
it is to build a team that performs flawlessly as an integrated whole.

Danger, deprivation, isolation, confinement, and other elements of
life in space sometimes yield adverse effects. These include impaired
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problem-solving ability, declining vigilance, altered time perception,
increased immersion in fantasy, heightened suggestibility, sagging mo-
tivation, social withdrawal, and depression. In Chapter 7 we will see
that these consequences are not invariable and that isolation and con-
finement also have some positive effects. Like everyone else, spacefarers
have many lines of defense against stress. Crewmembers can and often
do help one another alleviate stress, and ground-based psychological
support groups have helped both astronauts and cosmonauts. Severe
psychiatric problems could erupt in space, but there are ways to keep
these problems under control.

"Alone together," spacefarers are cut off from the normal network
of family, friends, and social obligations and are forced to get along
with colleagues who cannot be escaped for more than brief periods of
time. Chapter 8 explores group composition, with special attention to
the effects of mixing men and women of different ages and from dif-
ferent backgrounds and cultures. I will trace the implications for space-
flight of traditional and contemporary models of leadership. This dis-
cussion suggests that crew leaders must possess interpersonal as well
as technical skills, and know when and how to exert authority. Social
tensions can run high under conditions of isolation and confinement,
and this has implications for relations with external parties (such
as mission control), as well as implications for relations among the
spacefarers themselves.

Tasks that are relatively easy to perform on Earth become difficult
in space. Chapter 9 describes how work is complicated by micrograv-
ity, the close confines of the habitat, bulky life-support gear, and men-
tal states. Sometimes spacefarers are exhausted by schedules that are
fine on Earth but are too fast paced for space. Other times, spacefarers'
attention drifts because they have too little to do or are assigned mind-
numbing, repetitive tasks. Spacefaring has always been a high-tech op-
eration, but it has become increasingly so in recent years. Understand-
ing work in space requires an in-depth look at the partnership between
people and machines. At some point spacefarers may be assisted by
androids and by "tool rooms" that use nanotechnology to manufac-
ture almost anything they need from scratch.

Given the high risks of spaceflight, both U.S. and Russian programs
have a remarkable safety record during the first half century of space-
flight. Nonetheless, human lives have been lost, and unless we remain
earthbound we may expect additional fatalities in the future. Chapter
10 describes how psychological factors (such as imperfect training,
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fatigue, and lapses of attention), small-group factors (such as com-
munication and coordination), and organizational factors (such as red
tape and pressures to "get on with it") contribute to accidents. There
are, however, a number of strategies that either reduce the likelihood
of accidents or curtail their adverse effects, and as we review a dis-
heartening litany of things that could go wrong, we must always re-
member that more often than not people recover from equipment fail-
ures and from their own mistakes.

Even spacefarers need balance in life. Chapter n discusses self-
maintenance activities (such as eating, sleeping, and sex) and a broad
spectrum of recreational activities ranging from simple downtime to
attempts at self-improvement. We consider also spacefarers' relation-
ships with their families and friends, their activities between missions,
and life after retirement.

The next three chapters look to our possible future in space and are
necessarily somewhat speculative. Nonetheless, we can see how psy-
chological and cultural factors have shaped our vision of the future
and forecast, in very general ways, how people might adjust to flights
and missions that have very different requirements than do the mis-
sions of today.

Chapter iz explores how tourism, one of the world's largest indus-
tries, might expand into space. Space tourists may follow the same
general path as professional spacefarers: suborbital flights, orbital
flights, and interplanetary voyages. Chapter 13 reviews selected pro-
posals to establish human communities on the Moon, on Mars, and in
orbit around Earth. Conditions will be difficult at first, but according
to space advocates, cheap, plentiful energy and abundant raw materials
coupled with high technology will allow us to create prosperous new
societies there. We shall see how, as presently envisioned, these com-
munities would be models of social engineering as well as triumphs of
technology. Chapter 14 examines procedures to assure that interstellar
voyagers depart for promising destinations and provides thumbnail
sketches of propulsion systems that may be capable of covering inter-
stellar distances within acceptable periods of time. I will compare
slowships, which are large comfortable spacecraft that meander lazily
toward their destinations, and fastships, the equivalent of nuclear-
propelled Winnebagoes that could complete interstellar journeys in rel-
atively few generations. The chapter toys with the possibility that
breakthrough physics might allow us to cover interstellar distances in
the course of a single lifetime and takes a prospective look at inter-
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stellar humanity: how human life and civilization might evolve if our
descendants spread throughout the galaxy.

Judging on the basis of projections made decades ago, humans
should have returned to the Moon by now and would be about to set
forth for Mars, if they had not already arrived. The concluding chapter
looks at the belief that the space program has stalled. In actuality, over
the past forty years people have done much to develop the economic
and technical infrastructure required for long-term space habitation,
and have gained immense experience in space itself. Nonetheless, a
broad array of sociopolitical, organizational, economic, and psycho-
logical factors make it difficult for humanity to take the next steps. To
accelerate progress, we must develop efficient launch technologies and
reduce waste. Accelerated progress will require developing new part-
nerships and increasing the attractiveness of investment in space.

NASA is a complex, multifaceted organization with many achieve-
ments. Certainly, the Apollo Moon landings at the end of the 19605
represent one of the greatest technological and human triumphs of all
time, but one part of this complexity is a certain level of ambivalence
toward the social psychology of space exploration. On the one hand,
NASA has convened panels, encouraged research in spaceflight-
analogous environments, sponsored conferences and literature reviews,
and in other ways encouraged thought on psychological and social
adaptation to space. On the other hand, for reasons I shall explore in
chapter z, astronauts are discouraged from speaking out about the
problems they encounter in space. Largely for purposes of public re-
lations, NASA has been highly protective of the astronauts' sparkling
image and has discouraged studies that could help humanity prepare
for the long-term habitation of space. The penalty for this reluctance
to explore the human side of spaceflight is evident in the memoirs of
some astronauts and in many of the events that occurred when U.S.
astronauts served on the Russian space station Mir.

We owe the spacefarers a better understanding of the human side
of spaceflight. We owe this to spacefarers past because only through
recognizing the true human cost do we acknowledge the full enormity
of their contributions. We owe this to spacefarers present to help guar-
antee their safety, ease their work, and assure them high overall quality
of life. And we owe this to spacefarers future, who might be a little
less capable, a little less tough, and a little less resolute than their pred-
ecessors, and who might openly welcome anything that we do to ease
their transition to space.


