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Introduction

Cosmic evolution, the idea that the universe and its constituent parts are
constantly evolving, has become widely accepted only in the last 50 years. It
is no coincidence that this acceptance parallels the span of the Space Age.
Although cosmic evolution was first recognized in the physical universe early
in the 20th century, with hints even earlier, the relationships among planets, stars, and galaxies, and the evolution of the universe itself, became much
better known through the discoveries by planetary probes and space telescopes in the latter half of the century. It was also during the last 50 years—a
century after Darwin proposed that evolution by natural selection applies to
life on our own planet—that researchers from a variety of disciplines began
to seriously study the possibilities of extraterrestrial life and “the biological
universe.”1 Considering biology from this broader cosmological perspective
has expanded biological thinking beyond its sample-of-one straightjacket,
incorporating biology into cosmic evolution. Astrobiology is now a robust
discipline even though it has yet to find any life beyond Earth.2
But there is a third component to cosmic evolution beyond the physical
and the biological. Even if we only know of culture on one planet so far, cultural evolution has been an important part of cosmic evolution on Earth, and
perhaps on many other planets. Moreover, it also dominates the other two
forms of evolution in terms of its rapidity. Humans were not much different
biologically 10,000 years ago, but one need only look around to see how much
we have changed culturally. Yet, unlike the study of biological evolution, which
has made great progress since Darwin’s Origin of Species, the scientific study of
cultural evolution languished after Darwin’s death for the better part of a century. Only within the past few decades has significant progress been made, and
concerned with advancing their fledging science, cultural evolutionists have
yet to expand their thinking beyond their current planetary sample-of-one
concerns.3 But if life and intelligence do exist beyond Earth, it is likely that
culture will arise and evolve. In this volume authors with diverse backgrounds
in science, history, and anthropology consider culture in the context of the
cosmos, including the implications of the cosmos for our own culture.
Expanding the horizons of the science of cultural evolution to include
a cosmic context has many potential benefits. As biology has benefited from
broader cosmological considerations, the science of cultural evolution could
v
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also benefit from thinking in more general, theoretical terms about the origin
and evolution of cultures. As cultural evolutionists broaden their minds to
include cosmic perspectives, their insights could help guide the already substantial and continuing search for intelligent life elsewhere in the cosmos. Not
least, a cultural evolutionary science that includes a cosmic context should allow
for a better understanding of the relationships among physical, biological, and
cultural evolution—steps perhaps toward a cosmic evolutionary synthesis. All
of these benefits could inform the future of humanity and life in the universe.
Conversely, greater attention to these problems should help us understand how
our expanding knowledge of the cosmos impacts culture and cultural evolution.
We are acutely aware that “culture” is an amorphous and ambiguous term,
with an uneasy relationship to its cousin “society.”4 Like many complex concepts, dwelling on perfect definitions of culture, and in particular, cultural evolution, can be tricky and perhaps even distracting, because there are often blurry
boundaries and intractable counter-examples. But despite the importance of
clear distinctions and definitions, imperfect definitions should not prevent
exploratory analysis. Often, in pursuing analyses that tolerate imperfect definitions, we find contexts and usages that help clarify, however unsatisfying those
definitions may still ultimately remain. Indeed, in this book, we do not focus
explicitly on defining cultural evolution, or, for that matter, life, intelligence, and
culture. These matters are touched on in various ways in some chapters, but it
was not an explicit intention of this effort—indeed, the authors invoke varying
uses of “culture.” Nevertheless, perhaps increased clarity will come from considering the broader and theoretical explorations of the authors’ contributions.
This volume is divided into three parts, beginning with the nature and
history of cosmic evolution, then focusing on cultural evolution, and finally
tackling more explicit themes of the relationships between cosmos and culture. In Part 1, Eric Chaisson, an astronomer who—more than anyone—has
explored the significance and possibilities of cosmic evolution over the last
three decades, provides an overarching and coherent perspective of the subject from a scientific point of view.5 Steven Dick, an astronomer and historian of science who has written widely on extraterrestrial life and astrobiology,
offers an overview of the history of the idea of cosmic evolution, how it has
affected culture so far, and its implications for humanity’s future.
Part 2 focuses on cultural evolution itself, and as such is dominated by
authors in the social sciences and humanities. Kathryn Denning, an anthropologist at York University in Canada who has become deeply involved with
the SETI community, provides an overview of the field of cultural evolution, or “social evolution” as she terms it. She makes it clear why the field is a
vi
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difficult one fraught with dangers, even in the terrestrial context. One of the
central problems in the field has been the lack of a robust theory, but toward
that goal the philosopher Daniel Dennett, the author of Darwin’s Dangerous
Idea, supports the notion of memes (the cultural equivalent to genes) as a cultural evolution model, and finds that cultural possibility is far less constrained
than genetic possibility. Indeed, psychologist Susan Blackmore, well known for
her book The Meme Machine, warns in this section that the blind replication of
memes can be extremely destructive—and possibly cause extinction. She provides an intriguing “alternative Drake Equation” for survivability of intelligent
civilizations based on memes and kinds of replication. Howard Bloom provokes us with a very broad notion of culture and a multiplanet mandate deeply
rooted in evolution. Systems theorist John Smart draws from a number of
unique disciplines, applying an informational, evolutionary, and developmental systems model to understand the universe and the role of culture within it.
NASA engineer and scientist Mark Lupisella opens Part 3 by exploring
a framework for the relationships between the cosmos and culture, and offers
a “cosmocultural” perspective whereby the coevolution of cosmos and culture
gives rise to cosmic value. But why worry about cosmos and culture? Physicist
Paul Davies argues that life, mind, and culture are of fundamental significance to the grand story of the cosmos because life is based on a universal
Darwinian mechanism that has allowed the cosmos to generate its own selfunderstanding through science, rational reasoning, and mathematics that may
ultimately lead to cultural evolution on a large enough scale to allow the universe to both create and steer itself toward its destiny. This suggests a potential abundance of life in the cosmos, and astronomer Seth Shostak argues that
human beings, like other intelligent species, may pass through a short selfdestruction bottleneck and survive for very long time periods after dispersal
in space, giving rise to many long-lived technologically advanced civilizations
throughout the galaxy. If so, one of the great questions is whether humans
can communicate with extraterrestrials, and Doug Vakoch, a psychologist at
the SETI Institute who has written broadly on interstellar communication,
explores the potential utility of using our understanding of cosmic evolution
to communicate with extraterrestrial intelligence.
Historian David Christian argues for using cosmic evolution in an
expanded view of history he terms “big history.” But the place of humans
in the scheme of cosmic evolution remains problematic in part because we
lack definitive evidence of extraterrestrials, and in part because we cannot
fathom our human future. Complexity theorist James Gardner suggests that
our transhuman future might be memetically engineered using an “intelligent
vii
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universe” worldview, which would contribute to a benign future for humans
who will not likely be a dominant force in the future. Finally, the volume
concludes with paired articles by Steven Dick, who plays out one specific
scenario—a postbiological universe—that results from taking culture in the
cosmos seriously, and by JoAnn Palmeri, a historian of science who examines
a specific case of how one far-seeing astronomer, Harlow Shapley, took the
cosmos seriously as an element integral to our terrestrial culture.
In the end, at least four general themes emerge from the volume: 1)
Long-term cosmic perspectives can be theoretically and practically illuminating for reflecting on culture; 2) cosmology deeply affects and informs culture;
3) culture may have surprising significance in overall cosmic evolution; and 4)
expansion into the wider universe is an important, perhaps critical, endeavor.
It is our firm belief that these are themes that can and should be more deeply
investigated as our terrestrial culture learns more about the cosmos around us.
While we have certainly fallen well short of exhausting the subject, we
have nevertheless attempted an initial exploration of perspectives from a variety of thinkers and practitioners. The material is biased toward natural and
scientific perspectives, and arguably toward mechanistic and perhaps reductionist views (e.g., memes as a mechanism of cultural evolution). Eastern perspectives are not properly represented, but perhaps will be in the future.
This book is one of several on the societal impact of spaceflight in the
NASA History Series, and is directly relevant to NASA’s mandate to “provide
for 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.” Much of NASA’s work may be
seen as filling in the gaps in our knowledge of cosmic evolution. Perhaps the
largest gap is the still very much open question of whether humans are alone in
the universe, and what this means for humanity. We hope this book will stimulate a more serious field of inquiry into how culture and cosmos relate based not
only on how we understand our own cultural evolution, but on broader theoretical grounds as well. It is only a first tentative step toward the scientific study
of the relationship between cosmic and cultural evolution, of placing the rapidly growing science of cultural evolution within a cosmic context, and urging a
greater appreciation of the role that the cosmos should play in our culture.
Steven J. Dick, former NASA Chief Historian
Mark L. Lupisella, NASA Goddard Space Flight Center
May 2009
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The Cosmic Context

Chapter 1



Cosmic Evolution
State of the Science
Eric J. Chaisson

Evolution, broadly considered, has become a powerful unifying concept in
all of science, providing a comprehensive worldview for the new millennium. Among all of nature’s diverse systems, energy—acquired, stored, and
expressed—is a principal driver of the rising complexity of galaxies, stars,
planets and life-forms in the expanding universe. Our cultural curiosity is
both a result of, and a key to understanding, myriad cosmic-evolutionary
events that have shaped our material origins.

Introduction
Emerging now from modern science is a unified scenario of the cosmos,
including ourselves as sentient beings, based on the time-honored concept of
change. Change does seem to be universal and ubiquitous in nature, much as
the ancient Greek philosopher Heraclitus claimed long ago that “everything
flows and nothing stays.” Nowadays we have evidence for change virtually
everywhere, some of it obvious, other subtle. From galaxies to snowflakes,
from stars and planets to life itself, scientists are weaving an intricate pattern penetrating the fabric of all the natural sciences—a sweepingly inclusive
worldview of the order and structure of every known class of object in our
richly endowed universe.
Cosmic evolution is the study of the many varied developmental and
generational changes in the assembly and composition of radiation, matter,
and life throughout all space and across all time. These are the changes that
have produced our galaxy, our Sun, our Earth, and ourselves. The result is a
grand evolutionary synthesis bridging a wide variety of scientific specialties—
physics, astronomy, geology, chemistry, biology, and anthropology, among
3
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others—a genuine narrative of epic proportions extending from the very
beginning of time to the present, from the Big Bang to humankind.
While entering this new age of synthesis, today’s researchers are truly
embracing interdisciplinarity; we are thinking bigger, broader, and more
holistically. We are deciphering how all known objects—from atoms to galaxies, from cells to brains, from people to society—are interrelated. For the
more we examine nature, the more everything seems related to everything
else. Our appreciation for evolution now extends well beyond the subject of
biology; indeed, the concept of evolution, generally considered, has become
a potent unifying factor in all of science. Yet questions remain: how valid are
the apparent continuities among nature’s historical epochs and how realistic
is the quest for unification? Can we reconcile the observed constructiveness
of cosmic evolution with the inherent destructiveness of thermodynamics?
Specifically how have the magnificent examples of order all around us arisen
from chaos?
We especially want to know about the origins of the diverse structures
spanning our universe, notably those often characterized by the intuitive term
“complexity”—a state of intricacy, complication, variety, or involvement, as
in the interconnected parts of a system. Particularly intriguing is the rise of
complexity over the course of time, indeed dramatically so within the past
half-billion years since the start of the Cambrian Era on Earth. Resembling
a kind of Neoplatonism, perhaps some underlying principle, a unifying law,
or an ongoing process creates, organizes, and maintains all structures in the
universe, enabling us to study everything on uniform, common ground—“on
the same mental page,” so to speak.
Recent research, guided by notions of mathematical elegance and bolstered by vast new observational databases, suggests affirmative answers to
some of those queries: islands of ordered complexity—namely, open systems
that are galaxies, stars, planets, and life-forms—are more than balanced by
great seas of increasing disorder elsewhere in the environments beyond those
systems. All is in quantitative agreement with valued precepts of thermodynamics, especially nonequilibrium thermodynamics. Indeed, the underlying, ubiquitous phenomenon mentioned above may simply be energy itself.
Energy flows engendered largely by the expanding cosmos do seem to be as
universal a currency in the origin of structured systems as anything yet found
in nature. Furthermore, the optimization of such energy flows might well act
as the motor of evolution broadly conceived, thereby affecting all of physical,
biological, and cultural evolution, the sum total of which constitutes cosmic
evolution—much as presented in Figure 1.
4
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Figure 1. Cosmic evolution writ large: Changes in the physical, biological, and cultural domains
are governed by underlying scientific principles that guide the emergence of increasingly complex
structures in the universe. Resembling the beautiful stained-glass window in the south transept of
the great Gothic cathedral in Paris (shown at top right), the pattern at center actually represents a
pseudo-colored array of atoms viewed along the axis of a double-helical DNA molecule some two
nanometers across. (Red denotes oxygen atoms; blue, nitrogen; green, carbon; yellow, phosphorus;
hydrogen is not shown.) Likewise, images of colorful globular star clusters (as at bottom left, where
thousands of aged red giants dominate youthful blue stars) exemplify change-filled events in the
earlier universe; shown here is the M80 star cluster nearly 120 light-years across and about 28,000
light-years distant.
Taken together, stars, genes, and art represent manifest expressions of complexity rising over
the course of cosmic time. Increasing energy densities typify the construction of physical and
biological structures, such as fusing stars and functioning molecules; even more energy density is
needed to fashion cultural entities, such as organized societies and today’s global civilization. The
flow of energy, as dictated by nonequilibrium thermodynamics in an expanding universe, does seem
to provide a powerful means to explain the growth of order, form, and complexity on all scales, from
quarks to quasars, from microbes to minds. (Images courtesy of Cathedrale Notre-Dame de Paris;
University of California, San Francisco; STScI/NASA)

Heraclitus, with his unifying mantra of “all flows (παντα ρει),” would
likely be proud of modern cosmic-evolutionary ideas, but he would also be
surprised by our huge array of empirical findings supporting those ideas.
Others have been down this path before, most originally perhaps the 19th
century encyclopedist Robert Chambers (1844), who anonymously penned
a pre-Darwinian tract of wide insight, and the mid-20th century astronomer
5
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Harlow Shapley (1930), whose “cosmography” went well beyond biology
by classifying all known structures according to dimensional size and scale.
Among others, philosopher Herbert Spencer (1896) championed the notion
of increasing complexity in biological and cultural evolution, the mathematician Alfred North Whitehead (1925) sought to undergird broad scientific
thinking with his “organic philosophy,” and the biologist E. O. Wilson (1998)
appealed to “consilience” for unification in the sciences.

Arrow of Time
Figure 2 (a) shows the archetypal illustration of cosmic evolution—the arrow
of time. Regardless of its shape or orientation, such an arrow represents a
symbolic guide to the sequence of events that have changed systems from
simplicity to complexity, from inorganic to organic, from chaos to order. That
sequence, as determined by a large body of post-Renaissance data, accords
well with the idea that a thread of change links the evolution of primal energy
into elementary particles, the evolution of those particles into atoms, in turn
of those atoms into galaxies and stars, and of stars into heavy elements, the
evolution of those elements into the molecular building blocks of life, of
those molecules into life itself, and of intelligent life into the cultured and
technological society that we now share. Despite the compartmentalization of
today’s academic science, evolution knows no disciplinary boundaries.
As such, the most familiar kind of evolution—biological evolution, or
neo-Darwinism—is just one, albeit important, subset of a broader evolutionary scheme encompassing much more than mere life on Earth. In short, what
Darwinian change does for plants and animals, cosmic evolution aspires to
do for all things. And if Darwinism created a revolution of understanding by
helping to free us from the notion that humans differ from other life-forms
on our planet, then cosmic evolution extends that intellectual revolution by
treating matter on Earth and in our bodies no differently from that in the
stars and galaxies beyond.
Anthropocentrism is neither intended nor implied by the arrow of time—
which is why some researchers prefer to draw it opening up in variety and
diversity as in Figure 2 (a), instead of pointing anywhere in particular, other
than toward the future generally. Anthropic principles notwithstanding, there
is no logic to support the idea that the universe was conceived to produce
specifically us. We humans are surely not the culmination of the cosmic-evolutionary scenario, nor are we likely to be the only technologically competent
beings that have emerged in the organically rich universe. The arrow merely
provides a convenient symbol, artistically depicting a mixture of chance and
6

Cosmic Evolution

Figure 2. (a) Arrow of Time: This stylized arrow of time highlights salient features of cosmic history,
from its fiery origins some 14 billion years ago (at left) to the here and now of the present (at right).
Sketched diagonally across the top are the major evolutionary phases that have produced, in turn,
increasing amounts of order and complexity among all material things: particulate, galactic, stellar,
planetary, chemical, biological, and cultural evolution. Cosmic evolution encompasses all of these
phases, each of which represents a coarse temporal duration when the emergence of key systems
flourished in nature. Time is assumed to flow linearly and irreversibly, unfolding at a steady pace,
much as other central tenets are presumed, such as the fixed character of physical law or the notion
that 2 + 2 = 4 everywhere. (Drawing by Lola Judith Chaisson)
(b) Rising complexity, intuitively judged: Graphed here qualitatively is the rise of order, form,
and complexity of localized material structures throughout the history of the universe. This family
of curves represents more an innate feeling than a quantitative proof, in accord with the subjective
impression that complex ordered structures have generally increased (with some exceptions) over
the course of time. Whether this rise of complexity has been linear, exponential, or hyperbolic (as
sketched here), current research aims to specify this curve and to characterize it empirically. (For an
objective view, see Figure 5)
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necessity that operate together while building increasingly complex structures
from spiral galaxies to rocky planets to thinking beings.
Nor does time’s arrow mean to imply that “lower,” primitive life-forms
biologically change directly into “higher,” advanced organisms, any more than
galaxies physically change into stars, or stars into planets. Rather, with time—
much time—the environmental conditions suitable for spawning primitive
life eventually changed into those favoring the emergence of more complex
species; likewise, in the earlier universe, environments were ripe for galactic formation, but now those conditions are more conducive to stellar and
planetary formation. Change in the surrounding environment often precedes
change in ordered systems, and the resulting system changes have generally
been toward greater amounts of diverse complexity.
Figure 2 (b) graphs the widespread impression that material assemblages
have become more organized and complex, especially in relatively recent
times. This family of curves refers to “islands” of complexity that are systems
per se—whether swollen stars or buzzing bees—not to the vastly, indeed
increasingly disorganized sea of chaos surrounding them. Modern science
aims to explain this rise of complexity and to do so with known scientific
principles that avoid mysticism, vitalism, creationism, and the like.

Nonequilibrium Thermodynamics
Cosmic evolution, as understood today, is governed largely by the known laws
of physics, particularly those of thermodynamics. Note the adverb “largely,”
for this is not an exercise in traditional reductionism. Of all the known
principles of nature, thermodynamics perhaps most pertains to the concept
of change—yet change as driven, again for emphasis, by a combination of
randomness and determinism, of chance and necessity. Literally, thermodynamics means “movement of heat”; a more insightful translation (in keeping
with the wider connotation in Greek antiquity of motion as change) would be
“change of energy.”
To be sure, the cosmic-evolutionary narrative is much too complicated to
be explained merely by equilibrium thermodynamics—the kind most often
used to describe closed systems isolated from their environments and having
maximum entropy states. All structures, whether galaxies, stars, planets, or lifeforms, are demonstrably open, nonequilibrium systems with flows of energy in
and out being a central feature. And it is this energy, often called available, or
“free,” energy—literally the ability to do work—that helps to build structures.
At face value, the second law of thermodynamics—arguably the most cherished principle in all of physics—practically prohibits systems from changing
8
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spontaneously toward more ordered states. Structures left alone naturally tend
to break down and increase entropy. When unattended, for example, domestic
households grow more disorderly: lawns become unkempt, stoves greasy, roofs
leaky. Even human beings who fail to eat gradually become less ordered and die;
and when we die we decay to ultimate disorder, thereby returning our elemental
resources to Earth and the universe that gave us life. All things will eventually
degenerate into chaotic, randomized, less ordered states.
By utilizing energy, however, order can be achieved temporarily, or at
least the environmental conditions made conducive for the potential rise of
order within open systems ripe for growth. To extend our example, some
human sweat and hard work—an energy flow—can put a disarrayed house
back in order, yet this reordering comes at the expense of those cleaning the
house; we get tired and increasingly disordered ourselves. In turn, humans
can become reinvigorated (i.e., personally reenergized or reordered) by eating
again—which is also an energy flow—but this renewed order arises, further
in turn, at the expense of the agricultural environment that was ravaged to
produce the food consumed.
In short, energy flow does play an important role in creating, ordering, and maintaining complex systems—all quantitatively in accord with
the second law of thermodynamics. None of nature’s ordered structures, not
even life itself, is a violation (nor even a circumvention) of the second law.
Considering both any system of order as well as its surrounding environment,
we find good agreement with modern, nonequilibrium thermodynamics. In
this way, both order and entropy can increase together—the former locally
and the latter globally. (For quantitative details, see Chaisson 2001.)
Championed decades ago by the German-Canadian systematist Ludwig
von Bertalanffy (1932) and later espoused by the German quantum mechanic
Erwin Schroedinger (1944), the need for energy is now recognized as an
essential feature, not only of biological systems such as plants and animals, but
also of physical systems such as stars and galaxies; indeed acknowledged for
social systems, too, such as a city’s inward flow of food and resources amidst
its outward flow of products and wastes. The analysis is much the same for
any open system, provided we think in broad, interdisciplinary terms.
Figure 3 is a schematic diagram, adapted from the work of Belgian physical chemist Ilya Prigogine (1972) and American immunologist Jonas Salk
(1982), illustrating the emergence of structure in the presence of energy
flow. By crossing certain energy thresholds that depend on a system’s status,
bifurcations can occur, fostering the emergence of whole new hierarchies of
novel structures that display surprising amounts of coherent behavior. Such
9
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Figure 3. (a) A physicist’s visualization of rising complexity: Sketched here is an arbitrary
equilibrium coordinate for an open system as a function of both time and energy, either of which
quantity serves to illustrate the extent of departure of that system from equilibrium. The time axis
makes clear that this is a historical, evolutionary process, whereas the parallel energy axis denotes
the free energy flowing through the open system as a vital part of that process. At certain critical
energies, labeled here Ec, a system can spontaneously change, or bifurcate, into new, nonequilibrium,
dynamic steady states. Statistical fluctuations—that is chance—affect which fork the system
selects—that is necessity—upon bifurcation (vertical arrows), namely which spatial structure is
achieved. Not all new systems survive (solid curve); some are rejected (dashed curve). The process,
as always, is an interplay of randomness and determinism, therefore the end result is inherently
unpredictable, as with all of evolution.
(b) A biologist’s visualization of rising complexity: Events in evolutionary biology mimic those
of the diagram in (a), although the results are richer in structural detail, system function, and energy
flow. In phases marked A, the main task of a species is to survive and thus persist until such time
that the environment changes (vertical arrows), after which further evolution occurs—along phase
B toward renewed survival and perhaps speciation or along phase C toward extinction.
Neither upward rising graph implies progress or inevitability, but they do suggest a general trend
toward increased complexity with time—a trend undeniable among organized systems observed
throughout nature.
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