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(ENTIRE BOOK) An excellent and readable summary of the role of religion in an age of
science. Barbour's Gifford Lectures -- the expression of a lifetime of scholarship and deep
personal conviction and insight -- including a clear and helpful analysis of process theology.

Preface
What is the place of religion in an age of science? How can one believe in God today? What view
of God is consistent with the scientific understanding of the world? My goals are to explore the
place of religion in an age of science and to present an interpretation of Christianity that is
responsive to both the historical tradition and contemporary science.

Part 1: Religion and the Methods of Science
Chapter 1: Ways of Relating Science and Religion
A broad description of contemporary views of the relationship between the methods of science
and those of religion: Conflict, Independence, Dialogue, and Integration.

Chapter 2: Models and Paradigms
This chapter examines some parallels between the methods of science and those of religion: the
interaction of data and theory (or experience and interpretation); the historical character of the
interpretive community; the use of models; and the influence of paradigms or programs.

Chapter 3: Similarities and Differences
How might we respond to the challenge of religious pluralism today? (1) the character of
historical inquiry, (2) whether objectivity is possible if it is recognized that all knowledge is
historically and culturally conditioned and (3) can we accept relativism if we abandon absolute
claims.
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Part 2: Religion and the Theories of Science
Chapter 4: Physics and Metaphysics
Twentieth-century physics has some important epistemological implications and some modest
metaphysical ones. The downfall of classical realism is described. In its place, some interpreters
have defended instrumentalism, but the author advocates a critical realism.

Chapter 5: Astronomy and Creation
Within a theistic framework it is not surprising that there is intelligent life on earth; we can see
here the work of a purposeful Creator. Theistic belief makes sense of this datum and a variety of
other kinds of human experience, even if it offers no conclusive proof. We still ask: Why is there
anything at all? Why are things the way they are?

Chapter 6: Evolution and Continuing Creation
The contingency of existence and of boundary conditions is consistent with the meaning of ex
nihilo, while the contingency of laws and of events is consistent with the idea of continuing
creation. Theism does provide grounds for the combination of contingent order and intelligibility
that the scientific enterprise presupposes, though these are limit-questions that do not arise in the
daily work of the scientist.

Chapter 7: Human Nature.
What biology and the biblical tradition have to say about human nature. The basic question is
whether evolutionary biology and biblical religion are consistent in their views of human nature.

Part 3: Philosophical and Theological
Reflections
Chapter 8: Process Thought
Process philosophy has developed a systematic metaphysics that is consistent with the
evolutionary, many-leveled view of nature. Here are developed ways in which Whitehead applies
various categories to diverse entities in the world -- from particles to persons -- and an evaluation
of the adequacy of process philosophy from the viewpoint of science.

Chapter 9: God And Nature
Ways in which God’s action in the natural order is currently portrayed and an evaluation of these
interpretations in the light of previous conclusions, including an exploration of several answers to
these questions within the Christian tradition.

http://www.religion-online.org/cgi-bin/relsearchd.dll/showbook?item_id=2237 (2 of 3) [2/4/03 6:35:35 PM]

Religion in an Age of Science

Viewed 435 times.

http://www.religion-online.org/cgi-bin/relsearchd.dll/showbook?item_id=2237 (3 of 3) [2/4/03 6:35:35 PM]

Religion in an Age of Science

return to religion-online

Religion in an Age of Science by Ian
Barbour
Ian G. Barbour is Professor of Science, Technology, and Society at Carleton
College, Northefiled, Minnesota. He is the author of Myths, Models and Paradigms
(a National Book Award), Issues in Science and Religion, and Science and
Secularity, all published by HarperSanFrancisco. Published by Harper San
Francisco, 1990. This material was prepared for Religion Online by Ted and Winnie
Brock.

Preface
What is the place of religion in an age of science? How can one believe
in God today? What view of God is consistent with the scientific
understanding of the world? In what ways should our ideas about
human nature be affected by the findings of contemporary science?
How can the search for meaning and purpose in life be fulfilled in the
kind of world disclosed by science?
A religious tradition is not just a set of intellectual beliefs or abstract
ideas. It is a way of life for its members. Every religious community has
its distinctive forms of individual experience, communal ritual, and
ethical concerns. Above all, religion aims at the transformation of
personal life, particularly by liberation from self-centeredness through
commitment to a more inclusive center of devotion. Yet each of these
patterns of life and practice presupposes a structure of shared beliefs.
When the credibility of central religious beliefs is questioned, other
aspects of religion are also challenged.
For many centuries in the West, the Christian story of creation and
salvation provided a cosmic setting in which individual life had
significance. It allowed people to come to terms with guilt, finitude, and
death. It provided a total way of life, and it encouraged personal
transformation and reorientation. Since the Enlightenment, the Christian
story has had diminishing effectiveness for many people, partly because
it has seemed inconsistent with the understanding of the world in
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modern science. Similar changes have been occurring in other cultures.
Much of humanity has turned to science-based technology as a source
of fulfillment and hope. Technology has offered power, control, and the
prospect of overcoming our helplessness and dependency. However, for
all its benefits, technology has not brought the personal fulfillment or
social well-being it promised. Indeed, it often seems to be a power
beyond our control, threatening nuclear holocaust and environmental
destruction on a scale previously unimaginable.
Five features of our scientific age set the agenda for this volume:
1. The Success of the Methods of Science. The impressive achievements
of science are widely known. Scientific research has yielded knowledge
of many previously inaccessible domains of nature. The validity of such
discoveries receives additional confirmation from the fact that they have
led to powerful new technologies. For some people, science seems to be
the only reliable path to knowledge. For them, the credibility of
religious beliefs has been undermined by the methods as well as by the
particular discoveries of science. Other people assert that religion has its
own distinctive ways of knowing, quite different from those of science.
Yet even they are asked to show how religious understanding can be
reliable if it differs from scientific knowledge. Science as a method
constitutes the first challenge to religion in a scientific age. It is the
topic of part 1.
2. A New View of Nature. Many of the sciences show us domains of
nature with characteristics radically different from those assumed in
previous centuries. What are the implications of the novel features of
quantum physics and relativity, such as the indeterminancy of
subatomic events and the involvement of the observer in the process of
observation? What is the theological significance of the "Big Bang," the
initial explosion that started the expansion of the universe 15 billion
years ago, according to current theories in astrophysics? How are the
scientific accounts of cosmic beginnings and biological evolution
related to the doctrine of creation in Christianity? Darwin portrayed the
long, slow development of new species, including the human species,
from the operation of random variations and natural selection. More
recently, molecular biologists have made spectacular discoveries
concerning the role of DNA in evolution and in the development and
functioning of organisms today. What do these discoveries tell us about
the nature of life and mind? Such questions are explored in part 2.
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.3. A New Context for Theology. I hold that the main sources of
religious beliefs, as systematized in theology, are the religious
experience and the stories and rituals of a religious community.
However, two particular areas of theological reflection must take into
account the findings of contemporary science: the doctrine of human
nature and the doctrine of creation. Instead of reductionism, which
holds that all phenomena are determined by the behavior of molecular
components, I will develop a relational and multileveled view of reality.
In this view, interdependent systems and larger wholes influence the
behavior of lower-level parts. Such an interpretation provides an
alternative to both the classical dualism of spirit and matter (or mind
and body) and the materialism that often replaced it. I will suggest that
process theology offers a distinctive answer to the question: How can
God act in the world as understood by science today? These issues are
taken up in part 3.
4. Religious Pluralism in a Global Age. The technologies of
communication, travel, and today’s global interdependence have
brought adherents of differing world religions into increasing contact
with each other. In the past, absolutist religious claims have led to
repression, crusades, and religious wars, and they continue to contribute
to hostilities in the Middle East, Northern Ireland, and elsewhere. In a
world where some future conflict could escalate into nuclear war, we
must take seriously the problem of religious pluralism. There is also a
great diversity of ideas within each tradition. For example, feminist
authors have criticized the dominance of patriarchal assumptions in the
history of Christian thought, and Third World liberation theologians
have pointed to the influence of economic interests in theological
interpretation. Religious pluralism calls into question exclusive claims
for any one religious tradition or theological viewpoint. This issue
arises throughout the book, but especially in chapters 3 and 7. We will
focus attention on the Christian tradition, but always within the context
of a pluralistic world.
5. The Ambiguous Power of Technology. Public support of science
derives largely from a desire for the technological applications of
science. But today there is widespread evidence, not only of the new
scale of technological power, but also of the mixed character of its
impact on humanity and nature. A nuclear holocaust would wipe out
modern civilization and produce climate changes and famines that could
conceivably jeopardize human life itself. Toxic chemicals,
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deforestation, soil erosion, and multiple pollutants, together with
continued population growth, are severely damaging the environment.
Ours is a planet in crisis. Computers, automation, and artificial
intelligence will have powerful impacts on work, social organization,
and our image of ourselves. Genetic engineering offers the prospect of
altering the structure and behavior of living forms, including those of
human beings. Large-scale technologies contribute to the concentration
of economic and political power, increasing the gaps between rich and
poor within nations and the gaps between rich and poor nations.
The control and direction of technology involves ethical values such as
justice, freedom, and environmental stewardship. Respect for persons
and for nature is not a scientific conclusion; wisdom in applying
knowledge toward humane goals is not a product of the laboratory.
Such ethical issues will be the topic of the second volume in this series,
Ethics in an Age of Technology. But implications for ethics and
technology will be evident already at many points in this first volume.
Our view of nature will influence the way we treat nature, and our view
of human nature will affect our understanding of human responsibility.
The two volumes together will offer a unified treatment of science and
technology on the one hand and religion and ethics on the other.
In looking at these five challenges -- science as a method, a new view of
nature, a new context for theology, religious pluralism, and the
ambiguous power of technology -- my goals are to explore the place of
religion in an age of science and to present an interpretation of
Christianity that is responsive to both the historical tradition and
contemporary science.
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Chapter 1: Ways of Relating Science
and Religion
The first major challenge to religion in an age of science is the success
of the methods of science. Science seems to provide the only reliable
path to knowledge. Many people view science as objective, universal,
rational, and based on solid observational evidence. Religion, by
contrast, seems to be subjective, parochial, emotional, and based on
traditions or authorities that disagree with each other. The methods of
inquiry used in science, apart from any particular scientific discoveries
or theories, are the topic of part 1. Chapter 1 gives a broad description
of contemporary views of the relationship between the methods of
science and those of religion. Chapters 2 and 3 explore similarities and
differences between the two fields and develop my own conclusions
concerning the status of religious beliefs in an age of science.
In order to give a systematic overview of the main options today, I have
grouped them in this chapter under four headings: Conflict,
Independence, Dialogue, and Integration. Particular authors may not
fall neatly under any one heading; a person may agree with adherents of
a given position on some issues but not on others. However, a broad
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sketch of alternatives will help us in making comparisons in later
chapters. After surveying these four broad patterns, I will suggest
reasons for supporting Dialogue and, with some qualifications, certain
versions of Integration.
Any view of the relationship of science and religion reflects
philosophical assumptions. Our discussion must therefore draw from
three disciplines, not just two: science (the empirical study of the order
of nature), theology (critical reflection on the life and thought of the
religious community), and philosophy, especially epistemology
(analysis of the characteristics of inquiry and knowledge) and
metaphysics (analysis of the most general characteristics of reality).
Theology deals primarily with religious beliefs, which must always be
seen against the wider background of religious traditions that includes
formative scriptures, communal rituals, individual experiences, and
ethical norms. I will be particularly concerned with the epistemological
assumptions of recent Western authors writing about the relationship
between science and religious beliefs.
I. Conflict
Scientific materialism is at the opposite end of the theological spectrum
from biblical literalism. But they share several characteristics that lead
me to discuss them together. Both believe that there are serious conflicts
between contemporary science and classical religious beliefs. Both seek
knowledge with a sure foundation -- that of logic and sense data, in the
one case, that of infallible scripture, in the other. They both claim that
science and theology make rival literal statements about the same
domain, the history of nature, so that one must choose between them.
I will suggest that each represents a misuse of science. Both positions
fail to observe the proper boundaries of science. The scientific
materialist starts from science but ends by making broad philosophical
claims. The biblical literalist moves from theology to make claims about
scientific matters. In both schools of thought, the differences between
the two disciplines are not adequately respected.
In a fight between a boa constrictor and a wart-hog, the victor,
whichever it is, swallows the vanquished. In scientific materialism,
science swallows religion. In biblical literalism, religion swallows
science. The fight can be avoided if they occupy separate territories or
if, as I will suggest, they each pursue more appropriate diets.1
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1. Scientific Materialism
Scientific materialism makes two assertions: (1) the scientific method is
the only reliable path to knowledge; (2) matter (or matter and energy) is
the fundamental reality in the universe.
The first is an epistemological assertion about the characteristics of
inquiry and knowledge. The second is a metaphysical or ontological
assertion about the characteristics of reality. The two assertions are
linked by the assumption that only the entities and causes with which
science deals are real; only science can progressively disclose the nature
of the real.
In addition, many forms of materialism express reductionism.
Epistemological reductionism claims that the laws and theories of all the
sciences are in principle reducible to the laws of physics and chemistry.
Metaphysical reductionism claims that the component parts of any
system constitute its most fundamental reality. The materialist believes
that all phenomena will eventually be explained in terms of the actions
of material components, which are the only effective causes in the
world. Analysis of the parts of any system has, of course, been
immensely useful in science, but I will suggest that the study of higher
organizational levels in larger wholes is also valuable. Evolutionary
naturalism sometimes avoids reductionism and holds that distinctive
phenomena have emerged at higher levels of organization, but it shares
the conviction that the scientific method is the only acceptable mode of
inquiry.
Let us consider the assertion that the scientific method is the only
reliable form of understanding. Science starts from reproducible public
data. Theories are formulated and their implications are tested against
experimental observations. Additional criteria of coherence,
comprehensiveness, and fruitfulness influence choice among theories.
Religious beliefs are not acceptable, in this view, because religion lacks
such public data, such experimental testing, and such criteria of
evaluation. Science alone is objective, open-minded, universal,
cumulative, and progressive. Religious traditions, by contrast, are said
to be subjective, closed-minded, parochial, uncritical, and resistant to
change. We will see that historians and philosophers of science have
questioned this idealized portrayal of science, but many scientists accept
it and think it undermines the credibility of religious beliefs.
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Among philosophers, logical positivism from the 1920s to the 1940s
asserted that scientific discourse provides the norm for all meaningful
language. It was said that the only meaningful statements (apart from
abstract logical relations) are empirical propositions verifiable by sense
data. Statements in ethics, metaphysics, and religion were said to be
neither true nor false, but meaningless pseudo-statements, expressions
of emotion or preference devoid of cognitive significance. Whole areas
of human language and experience were thus eliminated from serious
discussion because they were not subject to the verification that science
was said to provide. But critics replied that sense data do not provide an
indubitable starting point in science, for they are already conceptually
organized and theory-laden. The interaction of observation and theory is
more complex than the positivists had assumed. Moreover, the
positivists had dismissed metaphysical questions but had often assumed
a materialist metaphysics. Since Wittgenstein’s later writings, the
linguistic analysts argued that science cannot be the norm for all
meaningful discourse because language has many differing uses and
functions.
Most of Carl Sagan’s TV series and book, Cosmos, is devoted to a
fascinating presentation of the discoveries of modern astronomy, but at
intervals he interjects his own philosophical commentary, for example,
"The Cosmos is all that is or ever was or ever will be."2 He says that the
universe is eternal or else its source is simply unknowable. Sagan
attacks Christian ideas of God at a number of points, arguing that
mystical and authoritarian claims threaten the ultimacy of the scientific
method, which he says is "universally applicable." Nature (which he
capitalizes) replaces God as the object of reverence. He expresses great
awe at the beauty, vastness, and interrelatedness of the cosmos. Sitting
at the instrument panel from which he shows us the wonders of the
universe, he is a new kind of high priest, not only revealing the
mysteries to us but telling us how we should live. We can indeed admire
Sagan’s great ethical sensitivity and his deep concern for nuclear
survival and environmental preservation. But perhaps we should
question his unlimited confidence in the scientific method, on which he
says we should rely to bring in the age of peace and justice.
The success of molecular biology in accounting for many of the basic
mechanisms of genetics and biological activity has often been taken as a
vindication of the reductionist approach. Thus Francis Crick,
codiscoverer of the structure of DNA, wrote, "The ultimate aim of the
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modern movement in biology is in fact to explain all biology in terms of
physics and chemistry."3 I will argue in chapter 6 that there is in the
biological world a hierarchy of levels of organization. This would lead
us to accept the importance of DNA and the role of molecular structures
in all living phenomena, but it would also allow us to recognize the
distinctiveness of higher-level activities and their influence on
molecular components.
Jacques Monod’s Chance and Necessity gives a lucid account of
molecular biology, interspersed with a defense of scientific materialism.
He claims that biology has proved that there is no purpose in nature.
"Man knows at last that he is alone in the universe’s unfeeling
immensity, out of which he emerged only by chance."4 "Chance alone is
the source of all novelty, all creation, in the biosphere." Chance is
"blind" and "absolute" because random mutations are unrelated to the
needs of the organism; the causes of individual variations are
completely independent of the environmental forces of natural selection.
Monod espouses a thoroughgoing reductionism: "Anything can be
reduced to simple, obvious mechanical interactions. The cell is a
machine. The animal is a machine. Man is a machine."5 Consciousness
is an epiphenomenon that will eventually be explained biochemically.
Monod asserts that human behavior is genetically determined; he says
little about the role of language, thought, or culture in human life. Value
judgments are completely subjective and arbitrary. Humanity alone is
the creator of values; the assumption of almost all previous philosophies
that values are grounded in the nature of reality is undermined by
science. But Monod urges us to make the free axiomatic choice that
knowledge itself will be our supreme value. He advocates ‘an ethics of
knowledge," but he does not show what this might entail apart from the
support of science.
I submit that Monod’s reductionism is inadequate as an account of
purposive behavior and consciousness in animals and human beings.
There are alternative interpretations in which the interaction of chance
and law is seen to be more complex than Monad’s portrayal and not
incompatible with some forms of theism. The biochemist and theologian
Arthur Peacocke gives chance a positive role in the exploration of
potentialities inherent in the created order, which would be consistent
with the idea of divine purpose (though not with the idea of a precise
predetermined plan).6 At the moment, however, we are interested in
Monod’s attempt to rely exclusively on the methods of science (plus an
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arbitrary choice of ethical axioms). He says that science proves that
there is no purpose in the cosmos. Surely it would be more accurate to
say that science does not deal with divine purpose; it is not a fruitful
concept in the development of scientific theories.
As a last example, consider the explicit defense of scientific materialism
by the sociobiologist Edward O. Wilson. His writings trace the genetic
and evolutionary origins of social behavior in insects, animals, and
humans. He asks how self-sacrificial behavior could arise and persist
among social insects, such as ants, if their reproductive ability is thereby
sacrificed. Wilson shows that such "altruistic" behavior enhances the
survival of close relatives with similar genes (in an ant colony, for
example); selective pressures would encourage such self-sacrifice. He
believes that all human behavior can be reduced to and explained by its
biological origins and present genetic structure. "It may not be too much
to say that sociology and the other social sciences, as well as the
humanities, are the last branches of biology to be included in the
Modern Synthesis." 7 The mind will be explained as "an
epiphenomenon of the neural machinery of the brain."
Wilson holds that religious practices were a useful survival mechanism
in humanity’s earlier history because they contributed to group
cohesion. But he says that the power of religion will be gone forever
when religion is explained as a product of evolution; it will be replaced
by a philosophy of "scientific materialism."8 (If he were consistent,
would not Wilson have to say that the power of science will also be
undermined when it is explained as a product of evolution? Do
evolutionary origins really have anything to do with the legitimacy of
either field?) He maintains that morality is the result of deep impulses
encoded in the genes and that "the only demonstrable function of
morality is to keep the genes intact."
Wilson’s writing has received criticism from several quarters. For
example, anthropologists have replied that most systems of human
kinship are not organized in accord with coefficients of genetic
similarity and that Wilson does not even consider cultural explanations
for human behavior.9 In the present context, I would prefer to say that
he has described an important area of biology suggesting some of the
constraints within which human behavior occurs, but he has
overgeneralized and extended it as an all-encompassing explanation,
leaving no room for the causal efficacy of other facets of human life and
experience. We will consider his views further in chapter 7.
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Each of these authors seems to have assumed that there is only one
acceptable type of explanation, so that explanation in terms of
astronomical origins or biochemical mechanisms or evolutionary
development excludes any other kind of explanation. Particular
scientific concepts have been extended and extrapolated beyond their
scientific use; they have been inflated into comprehensive naturalistic
philosophies. Scientific concepts and theories have been taken to
provide an exhaustive description of reality, and the abstractive and
selective character of science has been ignored. The philosopher Alfred
North Whitehead calls this "the fallacy of misplaced concreteness." It
can also be described as "making a metaphysics out of a method." But
because scientific materialism starts from scientific ideas, it carries
considerable influence in an age that respects science.
2. Biblical Literalism
A variety of views of scripture and its relation to science have appeared
throughout the history of Christian thought. Augustine held that when
there appears to be a conflict between demonstrated scientific
knowledge and a literal reading of the Bible, the latter should be
interpreted metaphorically, as in the case of the first chapter of Genesis.
Scripture is not concerned about "the form and shape of the heavens";
the Holy Spirit "did not wish to teach men things of no relevance to
their salvation."10 Medieval writers acknowledged diverse literary
forms and levels of truth in scripture, and they gave figurative and
allegorical interpretations to many problematic passages. Luther and the
Anglicans continued this tradition, though some later Lutherans and
Calvinists were more literalistic.
Biblical interpretation did play a part in the condemnation of Galileo.
He himself held that God is revealed in both "the book of nature" and
"the book of scripture"; the two books could not conflict, he said, since
they both came from God. He maintained that writers of the Bible were
only interested in matters essential to our salvation, and in their writing
they had to "accommodate themselves to the capacity of the common
people" and the mode of speech of the times. But Galileo’s theories did
conflict with a literal interpretation of some scriptural passages, and
they called into question the Aristotelian system that the church had
adopted in the Thomistic synthesis. At the 350th anniversary of the
publication of the Dialogues, Pope John Paul II said that since then
there has been "a more accurate appreciation of the methods proper to
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the different orders of knowledge." The church, he said, "is made up of
individuals who are limited and who are closely bound up with the
culture of the time they live in. . . . It is only through humble and
assiduous study that she learns to dissociate the essentials of faith from
the scientific systems of a given age, especially when a culturally
influenced reading of the Bible seemed to be linked to an obligatory
cosmology."11 In 1984, a Vatican commission acknowledged that
"church officials had erred in condemning Galileo." 12
In Darwin’s day, evolution was taken mainly as a challenge to design in
nature and as a challenge to human dignity (assuming that no sharp line
separates human and animal forms), but it was also taken by some
groups as a challenge to scripture. Some defended biblical inerrancy and
totally rejected evolution. Yet most traditionalist theologians reluctantly
accepted the idea of evolution -- though sometimes only after making an
exception for humanity, arguing that the soul is inaccessible to scientific
investigation. Liberal theologians had already accepted the historical
analysis of biblical texts ("higher criticism"), which traced the influence
of historical contexts and cultural assumptions on biblical writings.
They saw evolution as consistent with their optimistic view of historical
progress, and they spoke of evolution as God’s way of creating.
In the twentieth century, the Roman Catholic church and most of the
mainline Protestant denominations have held that scripture is the human
witness to the primary revelation, which occurred in the lives of the
prophets and the life and person of Christ. Many traditionalists and
evangelicals insist on the centrality of Christ without insisting on the
infallibility of a literal interpretation of the Bible. But smaller
fundamentalist groups and a large portion of some major denominations
in the United States, such as the Southern Baptists, have maintained that
scripture is inerrant throughout. The 1970s and 1980s have seen a
growth of fundamentalist membership and political power. For many
members of "the New Right" and "the Moral Majority," the Bible
provides not only certainty in a time of rapid change, but a basis for the
defense of traditional values in a time of moral disintegration (sexual
permissiveness, drug use, increasing crime rates, and so forth).
In the Scopes trial in 1925, it was argued that the teaching of evolution
in the schools should be forbidden because it is contrary to scripture.
More recently, a new argument called "scientific creationism" or
"creation science" has asserted that there is scientific evidence for the
creation of the world within the last few thousand years. The law that
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was passed by the Arkansas legislature in 1981 required that "creationist
theory" be given equal time with evolutional theory in high school
biology texts and classes. The law specified that creationism should be
presented purely as scientific theory, with no reference to God or the
Bible.
In 1982, the U.S. District Court overturned the Arkansas law, primarily
because it favored a particular religious view, violating the
constitutional separation of church and state. Although the bill itself
made no explicit reference to the Bible, it used many phrases and ideas
taken from Genesis. The writings of the leaders of the creationist
movement had made clear their religious purposes.13 Many of the
witnesses against the bill were theologians or church leaders who
objected to its theological assumptions.14
The court also ruled that "creation science" is not legitimate science. It
concluded that the scientific community, not the legislature or the
courts, should decide the status of scientific theories. It was shown that
proponents of creation science had not even submitted papers to
scientific journals, much less had them published. At the trial, scientific
witnesses showed that a long evolutionary history is central in almost all
fields of science, including astronomy, geology, paleontology, and
biochemistry, as well as most branches of biology. They also replied to
the purported scientific evidence cited by creationists. Claims of
geological evidence for a universal flood and for the absence of fossils
of transitional forms between species were shown to be dubious.15 In
1987, the U.S. Supreme Court struck down a Louisiana creationism law;
it said the law would have restricted academic freedom and supported a
particular religious viewpoint.16
"Creation science" is a threat to both religious and scientific freedom. It
is understandable that the search for certainty in a time of moral
confusion and rapid cultural change has encouraged the growth of
biblical literalism. But when absolutist positions lead to intolerance and
attempts to impose particular religious views on others in a pluralistic
society, we must object in the name of religious freedom. Some of the
same forces of rapid cultural change have contributed to the revival of
Islamic fundamentalism and the enforcement of orthodoxy in Iran and
elsewhere.
We can also see the danger to science when proponents of ideological
positions try to use the power of the state to reshape science, whether it
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be in Nazi Germany, Stalinist Russia, Khomeini’s Iran, or creationists in
the United States. To be sure, scientists are inescapably influenced by
cultural assumptions and metaphysical presuppositions -- as well as by
economic forces, which in large measure determine the direction of
scientific development. The scientific community is never completely
autonomous or isolated from its social context, yet it must be protected
from political pressures that would dictate scientific conclusions.
Science teachers must be free to draw from this larger scientific
community in their teaching.
Creationists have raised valid objections when evolutionary naturalists
have promoted atheistic philosophies as if they were part of science.
Both sides err in assuming that evolutionary theory is inherently
atheistic, and they thereby perpetuate the false dilemma of having to
choose between science and religion. The whole controversy reflects the
shortcomings of fragmented and specialized higher education. The
training of scientists seldom includes any exposure to the history and
philosophy of science or any reflection on the relation of science to
society, to ethics, or to religious thought. On the other hand, the clergy
has little familiarity with science and is hesitant to discuss controversial
subjects in the pulpit. The remainder of this chapter explores
alternatives to these two extremes of scientific materialism and biblical
literalism
II. Independence
One way to avoid conflicts between science and religion is to view the
two enterprises as totally independent and autonomous. Each has its
own distinctive domain and its characteristic methods that can be
justified on its own terms. Proponents of this view say there are two
jurisdictions and each party must keep off the other’s turf. Each must
tend to its own business and not meddle in the affairs of the other. Each
mode of inquiry is selective and has its limitations. This separation into
watertight compartments is motivated, not simply by the desire to avoid
unnecessary conflicts, but also by the desire to be faithful to the
distinctive character of each area of life and thought. We will look first
at contrasting methods and domains in science and religion. Then we
shall consider their differing languages and functions.
1. Contrasting Methods
Many writers in the history of Western thought have elaborated
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contrasts between religious and scientific knowledge. In the Middle
Ages, the contrast was between revealed truth and human discovery. It
was said that God can be fully known only as revealed through scripture
and tradition. The structures of nature, on the other hand, can be known
by unaided human reason and observation. There was, however, some
middle ground in "natural theology"; it was held that the existence
(though not all the attributes) of God can be demonstrated by rational
arguments, including the argument from the evidence of design in
nature.
This epistemological dichotomy was supported by the metaphysical
dualism of spirit and matter, or soul and body. But this dualism was
mitigated insofar as the spiritual realm permeated the material realm.
While theologians emphasized God’s transcendence, most of them also
referred to divine immanence, and the Holy Spirit was said to work in
nature as well as in human life and history. St. Thomas held that God
intervenes miraculously at particular times and also continually sustains
the natural order. God as primary cause works through the secondary
causes that science studies, but these two kinds of cause are on
completely different levels.
In the twentieth century, Protestant neo-orthodoxy sought to recover the
Reformation emphasis on the centrality of Christ and the primacy of
revelation, while fully accepting the results of modern biblical
scholarship and scientific research. (I will refer to him as Christ rather
than Jesus, since we are dealing with a historical figure as understood
within a tradition of theological interpretation.) According to Karl Barth
and his followers, God can be known only as revealed in Christ and
acknowledged in faith. God is the transcendent, the wholly other,
unknowable except as self-disclosed. Natural theology is suspect
because it relies on human reason. Religious faith depends entirely on
divine initiative, not on human discovery of the kind occurring in
science. The sphere of God’s action is history, not nature. Scientists are
free to carry out their work without interference from theology, and vice
versa, since their methods and their subject matter are totally dissimilar.
Here, then, is a clear contrast. Science is based on human observation
and reason, while theology is based on divine revelation.17
In this view, the Bible must be taken seriously but not literally.
Scripture is not itself revelation; it is a fallible human record witnessing
to revelatory events. The locus of divine activity was not the dictation of
a text, but the lives of persons and communities: Israel, the prophets, the
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person of Christ, and those in the early church who responded to him.
The biblical writings reflect diverse interpretations of these events; we
must acknowledge the human limitations of their authors and the
cultural influences on their thought. Their opinions concerning scientific
questions reflect the prescientific speculations of ancient times. We
should read the opening chapters of Genesis as a symbolic portrayal of
the basic relation of humanity and the world to God, a message about
human creatureliness and the goodness of the natural order. These
religious meanings can be separated from the ancient cosmology in
which they were expressed.
Another movement advocating a sharp separation of the spheres of
science and religion is existentialism. Here the contrast is between the
realm of personal selfhood and the realm of impersonal objects. The
former is known only through subjective involvement; the latter is
known in the objective detachment typical of the scientist. Common to
all existentialists -- whether atheistic or theistic -- is the conviction that
we can know authentic human existence only by being personally
involved as unique individuals making free decisions. The meaning of
life is found only in commitment and action, never in the spectatorial,
rationalistic attitude of the scientist searching for abstract general
concepts and universal laws.
Religious existentialists say that God is encountered in the immediacy
and personal participation of an I-Thou relationship, not in the detached
analysis and manipulative control characterizing the I-It relationships of
science. The theologian Rudolf Bultmann acknowledges that the Bible
often uses objective language in speaking of God’s acts, but he proposes
that we can retain the original experiential meaning of such passages by
translating them into the language of human self-understanding, the
language of hopes and fears, choices and decisions, and new
possibilities for our lives. Theological formulations must be statements
about the transformation of human life by a new understanding of
personal existence. Such affirmations have no connection with scientific
theories about external events in the impersonal order of a law-abiding
world.18
Langdon Gilkey, in his earlier writing and in his testimony at the
Arkansas trial, expresses many of these themes. He makes the following
distinctions: (1) Science seeks to explain objective, public, repeatable
data. Religion asks about the existence of order and beauty in the world
and the experiences of our inner life (such as guilt, anxiety, and
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meaninglessness, on the one hand, and forgiveness, trust, and
wholeness, on the other). (2) Science asks objective how questions.
Religion asks personal why questions about meaning and purpose and
about our ultimate origin and destiny. (3) The basis of authority in
science is logical coherence and experimental adequacy. The final
authority in religion is God and revelation, understood through persons
to whom enlightenment and insight were given, and validated in our
own experience. (4) Science makes quantitative predictions that can be
tested experimentally. Religion must use symbolic and analogical
language because God is transcendent.19
In the context of the trial, it was an effective strategy to insist that
science and religion ask quite different questions and use quite different
methods. It provided methodological grounds for criticizing the
attempts of biblical literalists to derive scientific conclusions from
scripture. More specifically, Gilkey argued that the doctrine of creation
is not a literal statement about the history of nature but a symbolic
assertion that the world is good and orderly and dependent on God in
every moment of time -- a religious assertion essentially independent of
both prescientific biblical cosmology and modern scientific cosmology.
In some of his other writings, Gilkey has developed themes that we will
consider under the heading of Dialogue. He says there is a "dimension
of ultimacy" in the scientist’s passion to know, commitment to the
search for truth, and faith in the rationality and uniformity of nature. For
the scientist, these constitute what Tillich called an "ultimate concern."
But Gilkey states there are dangers when science is extended to a total
naturalistic philosophy or when science and technology are ascribed a
redemptive and saving power, as occurs in the liberal myth of progress
through science. Both science and religion can be demonic when they
are used in the service of particular ideologies and when the ambiguity
of human nature is ignored.20
Thomas Torrance has developed further some of the distinctions in neoorthodoxy. Theology is unique, he says, because its subject matter is
God. Theology is "a dogmatic or positive and independent science
operating in accordance with the inner law of its own being, developing
its distinctive modes of inquiry and its essential forms of thought under
the determination of its given subject-matter."21 God infinitely
transcends all creaturely reality and "can be known only as he has
revealed himself," especially in the person of Christ. We can only
respond in fidelity to what has been given to us, allowing our thinking
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to be determined by the given. In science, reason and experiment can
disclose the structure of the real but contingent world. Torrance
particularly appreciates Einstein’s realist interpretation of quantum
physics, and he defends realist epistemology in both science and
theology.
2. Differing Languages
An even more effective way of separating science and religion is to
interpret them as languages that are unrelated because their functions
are totally different. The logical positivists had taken scientific
statements as the norm for all discourse and had dismissed as
meaningless any statement not subject to empirical verification. The
later linguistic analysts, in response, insisted that differing types of
language serve differing functions not reducible to each other. Each
"language game" (as Wittgenstein and his successors called it) is
distinguished by the way it is used in a social context. Science and
religion do totally different jobs, and neither should be judged by the
standards of the other. Scientific language is used primarily for
prediction and control. A theory is a useful tool for summarizing data,
correlating regularities in observable phenomena, and producing
technological applications. Science asks carefully delimited questions
about natural phenomena. We must not expect it to do jobs for which it
was not intended, such as providing an overall world view, a philosophy
of life, or a set of ethical norms. Scientists are no wiser than anyone else
when they step out of their laboratories and speculate beyond strictly
scientific work.22
The distinctive function of religious language, according to the
linguistic analysts, is to recommend a way of life, to elicit a set of
attitudes, and to encourage allegiance to particular moral principles.
Much of religious language is connected with ritual and practice in the
worshiping community. It may also express and lead to personal
religious experience. One of the great strengths of the linguistic
movement is that it does not concentrate on religious beliefs as abstract
systems of thought but looks at the way religious language is actually
used in the lives of individuals and communities. Linguistic analysts
draw on empirical studies of religion by sociologists, anthropologists,
and psychologists, as well as the literature produced within religious
traditions.
Some scholars have studied diverse cultures and concluded that
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religious traditions are ways of life that are primarily practical and
normative. Stories, rituals, and religious practices bind individuals in
communities of shared memories, assumptions, and strategies for living.
Other scholars claim that religion’s primary aim is the transformation of
the person. Religious literature speaks extensively of experiences of
liberation from guilt through forgiveness, trust overcoming anxiety, or
the transition from brokenness to wholeness. Eastern traditions talk
about liberation from bondage to suffering and self-centeredness in the
experiences of peace, unity, and enlightenment.23 These are obviously
activities and experiences having little to do with science.
George Lindbeck compares the linguistic view with two other views of
religious doctrines:
1. In the propositional view, doctrines are truth claims about objective
realities. "Christianity, as traditionally interpreted, claims to be true,
universally valid, and supernaturally revealed."24 If doctrines are true or
false, and rival doctrines are mutually exclusive, there can be only one
true faith. (Neo-orthodoxy holds that doctrines are derived from the
human interpretation of revelatory events, but it, too, understands
doctrines as true or false propositions.) The propositional view is a form
of realism, for it believes that we can make statements about reality as it
exists in itself.
2. In the expressive view, doctrines are symbols of inner experiences.
Liberal theology has held that the experience of the holy is found in all
religions. Since there can be diverse symbolizations of the same core
experience, adherents of different traditions can learn from each other.
This view tends to stress the private and individual side of religion, with
less emphasis on communal aspects. If doctrines are interpretations of
religious experience, they are not likely to conflict with scientific
theories about nature.
3. In the linguistic view, which Lindbeck himself advocates, doctrines
are rules of discourse correlated with individual and communal forms of
life. Religions are guides to living; they are "ways of life which are
learned by practicing them." Lindbeck argues that individual experience
cannot be our starting point because it is already shaped by prevailing
conceptual and linguistic frameworks. Religious stories and rituals are
formative of our self-understanding. This approach allows us to accept
the particularity of each religious tradition without making exclusive or
universal claims for it. This is a nonrealist position. It does not assume a
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universal truth or an underlying universal experience; it sees each
cultural system as self-contained. By minimizing the role of beliefs and
truth claims, the linguistic view avoids conflicts between science and
theology that can occur in the propositional view, yet it escapes the
individualism and subjectivity of the expressive view.
The three movements we have been considering -- neo-orthodoxy,
existentialism, and linguistic analysis -- all understand religion and
science to be independent and autonomous forms of life and thought.
Each discipline is selective and has its limitations. Every discipline
abstracts from the totality of experience those features in which it is
interested. The astronomer Arthur Eddington once told a delightful
parable about a man studying deep-sea life using a net on a three-inch
mesh. After bringing up repeated samples, the man concluded that there
are no deep-sea fish less than three inches in length. Our methods of
fishing, Eddington suggests, determine what we can catch. If science is
selective, it cannot claim that its picture of reality is complete.25
The independence of science and religion represents a good starting
point or first approximation. It preserves the distinctive character of
each enterprise, and it is a useful strategy for responding to both types
of conflict mentioned earlier. Religion does indeed have its
characteristic methods, questions, attitudes, functions, and experiences,
which are distinct from those of science. But there are serious
difficulties in each of these proposals.
As I see it, neo-orthodoxy rightly stresses the centrality of Christ and the
prominence of scripture in the Christian tradition. It is more modest in
its claims than biblical literalism, since it acknowledges the role of
human interpretation in scripture and doctrine. But in most versions it,
too, holds that revelation and salvation occur only through Christ, which
seems to me problematic in a pluralistic world. Most neo-orthodox
authors emphasize divine transcendence and give short shrift to
immanence. The gulf between God and the world is decisively bridged
only in the incarnation. While Barth and his followers do indeed
elaborate a doctrine of creation, their main concern is with the doctrine
of redemption. Nature tends to be treated as the unredeemed setting for
human redemption, though it may participate in the eschatological
fulfillment at the end of time.
Existentialism rightly puts personal commitment at the center of
religious faith, but it ends by privatizing and interiorizing religion to the
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neglect of its communal aspects. If God acts exclusively in the realm of
selfhood, not in the realm of nature, the natural order is devoid of
religious significance, except as the impersonal stage for the drama of
personal existence. This anthropocentric framework, concentrating on
humanity alone, offers little protection against the modern exploitation
of nature as a collection of impersonal objects. If religion deals with
God and the self, and science deals with nature, who can say anything
about the relationship between God and nature or between the self and
nature? To be sure, religion is concerned with the meaning of personal
life, but this cannot be divorced from belief in a meaningful cosmos. I
will also suggest that existentialism exaggerates the contrast between an
impersonal, objective stance in science and the personal involvement
essential to religion. Personal judgment does enter the work of the
scientist, and rational reflection is an important part of religious inquiry.
Finally, linguistic analysis has helped us to see the diversity of functions
of religious language. Religion is indeed a way of life and not simply a
set of ideas and beliefs. But the religious practice of a community,
including worship and ethics, presupposes distinctive beliefs. Against
instrumentalism, which sees both scientific theories and religious beliefs
as human constructs useful for specific human purposes, I advocate a
critical realism holding that both communities make cognitive claims
about realities beyond the human world. We cannot remain content with
a plurality of unrelated languages if they are languages about the same
world. If we seek a coherent interpretation of all experience, we cannot
avoid the search for a unified world view.
If science and religion were totally independent, the possibility of
conflict would be avoided, but the possibility of constructive dialogue
and mutual enrichment would also be ruled out. We do not experience
life as neatly divided into separate compartments; we experience it in
wholeness and interconnectedness before we develop particular
disciplines to study different aspects of it. There are also biblical
grounds for the conviction that God is Lord of our total lives and of
nature, rather than of a separate "religious" sphere. The articulation of a
theology of nature that will encourage a strong environmental concern is
also a critical task today. I will argue that none of the options considered
above is adequate to that task.
III. Dialogue
In moving beyond the Independence thesis, this section outlines some
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indirect interactions between science and religion involving boundary
questions and methods of the two fields. The fourth section, called
Integration, will be devoted to more direct relationships when scientific
theories influence religious beliefs, or when they both contribute to the
formulation of a coherent world view or a systematic metaphysics.
1. Boundary Questions
One type of boundary question refers to the general presuppositions of
the whole scientific enterprise. Historians have wondered why modern
science arose in the Judeo-Christian West among all world cultures. A
good case can be made that the doctrine of creation helped to set the
stage for scientific activity. Both Greek and biblical thought asserted
that the world is orderly and intelligible. But the Greeks held that this
order is necessary and therefore one can deduce its structure from first
principles. It is not surprising that they were stronger in mathematics
and logic than in experimental science. Only biblical thought held that
the world’s order is contingent rather than necessary. If God created
both form and matter, the world did not have to be as it is, and one has
to observe it to discover the details of its order. Moreover, while nature
is real and good, it is not itself divine, as many ancient cultures held.
Humans are therefore permitted to experiment on nature.26 The
"desacralization" of nature encouraged scientific study, though it also -along with other economic and cultural forces -- contributed to
subsequent environmental destruction and the exploitation of nature.
We must be careful not to overstate-the case for the role of Christian
thought in the rise of science. Arab science made significant advances in
the Middle Ages, while science in the West was often hampered by an
otherworldly emphasis (although important practical technologies were
developed, especially in some of the monastic orders). When modern
science did develop in Europe, it was aided by the humanistic interests
of the Renaissance; the growth of crafts, trade, and commerce; and new
patterns of leisure and education. Yet it does appear that the idea of
creation gave a religious legitimacy to scientific inquiry. Newton and
many of his contemporaries believed that in their work they were
"thinking God’s thoughts after him." Moreover, the Calvinist
"Protestant ethic" seems to have particularly supported science. In the
Royal Society, the earliest institution for the advancement of science,
seven out of ten members were Puritans, and many were clergy.
I believe the case for the historical contribution of Christianity to the
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rise of science is convincing. But once science was well established, its
own success was sufficient justification for many scientists, without the
need for religious legitimation. Theistic beliefs are clearly not explicit
presuppositions of science, since many atheistic or agnostic scientists do
first-rate work without them. One can simply accept the contingency
and intelligibility of nature as givens and devote one’s efforts to
investigating the detailed structure of its order. Yet if one does raise
wider questions, one is perhaps more open to religious answers. For
many scientists, exposure to the order of the universe, as well as its
beauty and complexity, is an occasion of wonder and reverence.
On the contemporary scene, we have seen that Torrance maintains the
characteristic neo-orthodox distinction between human discovery and
divine revelation. But in recent writings he says that at its boundaries
science raises religious questions that it cannot answer. In pressing back
to the earliest history of the cosmos, astronomy forces us to ask why
those particular initial conditions were present. Science shows us an
order that is both rational and contingent (that is, its laws and initial
conditions were not necessary). It is the combination of contingency and
intelligibility that prompts us to search for new and unexpected forms of
rational order. The theologian can reply that God is the creative ground
and reason for the contingent but rational unitary order of the universe.
"Correlation with that rationality in God goes far to account for the
mysterious and baffling nature of the intelligibility inherent in the
universe, and explains the profound sense of religious awe it calls forth
from us and which, as Einstein insisted, is the mainspring of science."27
The theologian Wolfhart Pannenberg has explored methodological
issues in some detail. He accepts Karl Popper’s contention that the
scientist proposes testable hypotheses and then attempts to refute them
experimentally. Pannenberg claims that the theologian can also use
universal rational criteria in critically examining religious beliefs.
However, the parallels eventually break down, he says, because
theology is the study of reality as a whole; reality is an unfinished
process whose future we can only anticipate, since it does not yet exist.
Moreover, theology is interested in unique and unpredictable historical
events. Here the theologian tries to answer another kind of limit
question with which the scientific method cannot deal, a limit not of
initial conditions or ontological foundations but of openness toward the
future.28
Three Roman Catholic authors, Ernan McMullin, Karl Rahner, and
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David Tracy, seem to me to be advocates of Dialogue, though with
varying emphases. McMullin starts with a sharp distinction between
religious and scientific statements that resembles the Independence
position. God as primary cause acts through the secondary causes
studied by science, but these are on radically different levels within
different orders of explanation. On its own level, the scientific account
is complete and without gaps. McMullin is critical of all attempts to
derive arguments for God from phenomena unexplained by science; he
is dubious about arguments from design or from the directionality of
evolution. Gaps in the scientific account are usually closed by the
advance of science, and in any case they would only point to a cosmic
force and not to the transcendent biblical God. God sustains the whole
natural sequence and "is responsible equally and uniformly for all
events." The theologian has no stake in particular scientific theories,
including astrophysical theories about the early cosmos.29
Some theologians have taken the accumulating evidence for the Big
Bang theory as corroboration of the biblical view that the universe had a
beginning in time -- which would be a welcome change after the
conflicts of the past. McMullin, however, maintains that the doctrine of
creation is not an explanation of cosmological beginnings at all, but an
assertion of the world’s absolute dependence on God in every moment.
The intent of Genesis was not to specify that there was a first moment in
time. Moreover, the Big Bang theory does not prove that there was a
beginning in time, since the current expansion could be one phase of an
oscillating or cyclic universe. He concludes, "What one cannot say is,
first, that the Christian doctrine of creation ‘supports’ the Big Bang
model, or, second, that the Big Bang model ‘supports’ the Christian
doctrine of creation."30 But he says that for God to choose the initial
conditions and laws of the universe would not involve any gaps or
violations of the sequence of natural causes. McMullin denies that there
is any strong logical connection between scientific and religious
assertions, but he does endorse the search for a looser kind of
compatibility. The aim should be "consonance but not direct
implication," which implies that in the end the two sets of assertions are
not, after all, totally independent:
The Christian cannot separate his science from his theology as
though they were in principle incapable of interrelation. On the
other hand, he has learned to distrust the simpler pathways from
one to the other. He has to aim at some sort of coherence of
world-view, a coherence to which science and theology, and
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indeed many other sorts of human construction like history,
politics, and literature, must contribute. He may, indeed must,
strive to make his theology and his cosmology consonant in the
contributions they make to this world-view. But this consonance
(as history shows) is a tentative relation, constantly under
scrutiny, in constant slight shift.31
For Karl Rahner, the methods and the content of science and theology
are independent, but there are important points of contact and
correlations to be explored. God is known primarily through scripture
and tradition, but he is dimly and implicitly known by all persons as the
infinite horizon within which every finite object is apprehended. Rahner
extends Kant’s transcendental method by analyzing the conditions that
make knowledge possible in a neo-Thomist framework. We know by
abstracting form from matter; in the mind’s pure desire to know there is
a drive beyond every limited object toward the Absolute. Authentic
human experience of love and honesty are experiences of grace; Rahner
affirms the implicit faith of the "anonymous Christian" who does not
explicitly acknowledge God or Christ but is committed to the true and
the good.32
Rahner holds that the classical doctrines of human nature and of
Christology fit well with an evolutionary viewpoint. The human being is
a unity of matter and spirit, which are distinct but can only be
understood in relation to each other. Science studies matter and provides
only part of the whole picture, for we know ourselves to be free, selfconscious agents. Evolution -- from matter to life, mind, and spirit -- is
God’s creative action through natural causes, which reach their goal in
humanity and the incarnation. Matter develops out of its inner being in
the direction of spirit, empowered to achieve an active selftranscendence in higher levels of being.
The incarnation is at the same time the climax of the world’s
development and the climax of God’s self-expression. Rahner insists
that creation and incarnation are parts of a single process of God’s selfcommunication. Christ as true humanity is a moment in biological
evolution that has been oriented toward its fulfillment in him.33
David Tracy also sees a religious dimension in science. He holds that
religious questions arise at the horizons or limit-situations of human
experience. In everyday life, these limits are encountered in experiences
of anxiety and confrontation with death, as well as in joy and basic trust.
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He describes two kinds of limit-situations in science: ethical issues in
the uses of science, and presuppositions or conditions for the possibility
of scientific inquiry. Tracy maintains that the intelligibility of the world
requires an ultimate rational ground. For the Christian, the sources for
understanding that ground are the classic religious texts and the
structures of human experience. All our theological formulations,
however, are limited and historically conditioned. Tracy is open to the
reformulation of traditional doctrines in contemporary philosophical
categories; he is sympathetic to many aspects of process philosophy and
recent work in language and hermeneutics.34
How much room is there for the reformulation of classical theological
doctrines in the light of the findings of science? If the points of contact
between science and theology refer only to basic presuppositions and
boundary questions, no reformulation will be called for. But if there are
some points of contact between particular doctrines and particular
scientific theories (such as the doctrine of creation in relation to
evolution or astronomy), and if it is acknowledged that all doctrines are
historically conditioned, there is in principle the possibility of some
doctrinal development and reformulation, not just correlation or
consonance. What is the nature and extent of the authority of tradition in
theology? The Thomistic synthesis of biblical and Aristotelian thought
has held a dominant position in the Catholic tradition in the past, but
with the help of recent biblical, patristic, and liturgical scholarship,
Catholic theologians have made significant efforts to delineate the
central biblical message with less dependence on scholastic interpretive
categories (see section IV below, on Integration).
2. Methodological Parallels
The positivists, along with most neo-orthodox and existentialist authors,
had portrayed science as objective, meaning that its theories are
validated by clearcut criteria and are tested by agreement with
indisputable, theory-free data. Both the criteria and the data of science
were held to be independent of the individual subject and unaffected by
cultural influences. By contrast, religion seemed subjective. We have
seen that existentialists made much of the contrast between objective
detachment in science and personal involvement in religion.
Since the 1950s, these sharp contrasts have been increasingly called into
question. Science, it appeared, is not as objective, nor religion as
subjective, as had been claimed. There may be differences of emphasis
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between the fields, but the distinctions are not as absolute as had been
asserted. Scientific data are theory-laden, not theory-free. Theoretical
assumptions enter the selection, reporting, and interpretation of what are
taken to be data. Moreover, theories do not arise from logical analysis of
data but from acts of creative imagination in which analogies and
models often play a role. Conceptual models help us to imagine what is
not directly observable.
Many of these same characteristics are present in religion. If the data of
religion include religious experience, rituals, and scriptural texts, such
data are even more heavily laden with conceptual interpretations. In
religious language, too, metaphors and models are prominent, as
discussed in my writing and in that of Sallie McFague, Janet Soskice,
and Mary Gerhart and Allan Russell.35 Clearly, religious beliefs are not
amenable to strict empirical testing, but they can be approached with
some of the same spirit of inquiry found in science. The scientific
criteria of coherence, comprehensiveness, and fruitfulness have their
parallels in religious thought.
Thomas Kuhn’s influential book, The Structure of Scientific
Revolutions, maintained that both theories and data in science are
dependent on the prevailing paradigms of the scientific community. He
defined a paradigm as a cluster of conceptual, metaphysical, and
methodological presuppositions embodied in a tradition of scientific
work. With a new paradigm, the old data are reinterpreted and seen in
new ways, and new kinds of data are sought. In the choice between
paradigms, there are no rules for applying scientific criteria. Their
evaluation is an act of judgment by the scientific community. An
established paradigm is resistant to falsification, since discrepancies
between theory and data can be set aside as anomalies or reconciled by
introducing ad hoc hypotheses.36
Religious traditions can also be looked on as communities that share a
common paradigm. The interpretation of the data (such as religious
experience and historical events) is even more paradigm-dependent than
in the case of science. There is a greater use of ad hoc assumptions to
reconcile apparent anomalies, so religious paradigms are even more
resistant to falsification. We will compare the role of paradigms in
science and religion in the next chapter.
The status of the observer in science has also been reconsidered. The
earlier accounts had identified objectivity with the separability of the
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observer from the object of observation. But in quantum physics the
influence of the process of observation on the system observed is
crucial. In relativity, the most basic measurements, such as the mass,
velocity, and length of an object depend on the frame of reference of the
observer. Stephen Toulmin traces the change from the assumption of a
detached spectator to the recognition of the participation of the
observer; he cites examples from quantum physics, ecology, and the
social sciences. Every experiment is an action in which we are agents,
not just observers. The observer as subject is a participant inseparable
from the object of observation.37 Fritjof Capra and other adherents of
Eastern religions have seen parallels here with the mystical traditions
that affirm the union of the knower and the known, deriving ultimately
from the participation of the individual in the Absolute.38
Michael Polanyi envisions a harmony of method over the whole range
of knowledge and says that this approach overcomes the bifurcation of
reason and faith. Polanyi’s unifying theme is the personal participation
of the knower in all knowledge. In science, the heart of discovery is
creative imagination, which is a very personal act. Science requires
skills that, like riding a bicycle, cannot be formally specified but only
learned by example and practice. In all knowledge we have to see
patterns in wholes. In recognizing a friend’s face or in making a medical
diagnosis, we use many clues but cannot identify all the particulars on
which our judgment of a total pattern relies.
Polanyi holds that the assessment of evidence is always an act of
discretionary personal judgment. No rules specify whether an
unexplained discrepancy between theory and experiment should be set
aside as an anomaly or taken to invalidate the theory. Commitment to
rationality and universality, not impersonal detachment, protects such
decisions from arbitrariness. Scientific activity is thus personal but not
subjective. Participation in a community of inquiry is another safeguard
against subjectivity, though it never removes the burden of individual
responsibility.
Polanyi holds that all these characteristics are even more important in
religion. Here personal involvement is greater, but not to the exclusion
of rationality and universal intent. Participation in the historical tradition
and present experience of a religious community is essential. If theology
is the elucidation of the implications of worship, then surrender and
commitment are preconditions of understanding. Responding to
reductionism, Polanyi describes ascending levels of reality in
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evolutionary history and in the world today:
Admittedly, religious conversion commits our whole person and
changes our whole being in a way that an expansion of natural
knowledge does not do. But once the dynamics of knowing are
recognized as the dominant principle of knowledge, the
difference appears only as one of degree. . . It establishes a
continuous ascent from our less personal knowing of inanimate
matter to our convivial knowing of living beings and beyond this
to knowing our responsible fellow men. Such I believe is the true
transition from the sciences to the humanities and also from our
knowing the laws of nature to our knowing the person of God.39
Several authors have recently invoked similar methodological parallels.
The physicist and theologian John Polkinghorne gives examples of
personal judgment and theory-laden data in both fields, and he defends
critical realism in both cases. The data for a religious community are its
scriptural records and its history of religious experience. Similarities
exist between the fields in that "each is corrigible, having to relate
theory to experience, and each is essentially concerned with entities
whose unpicturable reality is more subtle than that of naive
objectivity."40 The philosopher Holmes Rolston holds that religious
beliefs interpret and correlate experience, much as scientific theories
interpret and correlate experimental data. Beliefs can be tested by
criteria of consistency and congruence with experience. But Rolston
acknowledges that personal involvement is more total in the case of
religion, since the primary goal is the reformation of the person.
Moreover, there are other significant differences: science is interested in
causes, while religion is interested in personal meanings.41
Such methodological comparisons seem to me illuminating for both
fields, and I discuss them further in the next two chapters. Here I will
only note several problems in the use of this approach:
1. In the attempt to legitimate religion in an age of science, it is
tempting to dwell on similarities and pass over differences. Although
science is indeed a more theory-laden enterprise than the positivists had
recognized, it is clearly more objective than religion in each of the
senses that have been mentioned. The kinds of data from which religion
draws are radically different from those in science, and the possibility of
testing religious beliefs is more limited.
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2. In reacting to the absolute distinctions presented by adherents of the
Independence thesis, it would be easy to minimize the distinctive
features of religion. In particular, by treating religion as an intellectual
system and talking only about religious beliefs, one may distort the
diverse characteristics of religion as a way of life, which the linguistic
analysts have so well described. Religious belief must always be seen in
the context of the life of the religious community and in relation to the
goal of personal transformation.
3. Consideration of methodology is an important but preliminary task in
the dialogue of science and religion. The issues tend to be somewhat
abstract and therefore of more interest to philosophers of science and
philosophers of religion than to scientists or theologians and religious
believers. Yet methodological issues have rightly come under new
scrutiny in both communities. Furthermore, if we acknowledge
methodological similarities we are more likely to encourage attention to
substantive issues. If theology at its best is a reflective enterprise that
can develop and grow, it can be open to new insights, including those
derived from the theories of science.
IV. Integration
The final group of authors holds that some sort of integration is possible
between the content of theology and the content of science. There are
three distinct versions of Integration. In natural theology, it is claimed
that the existence of God can be inferred from the evidences of design in
nature, of which science has made us more aware. In a theology of
nature, the main sources of theology lie outside science, but scientific
theories may affect the reformulation of certain doctrines, particularly
the doctrine of creation. In a systematic synthesis, both science and
religion contribute to the development of an inclusive metaphysics, such
as that of process philosophy.
1. Natural Theology
Here arguments for the existence of God are based entirely on human
reason rather than on historical revelation or religious experience. The
"five ways" of Thomas Aquinas included several versions of the
cosmological argument. One version asserted that every event must
have a cause, so we must acknowledge a First Cause if we are to avoid
infinite regress. Another version said that the whole chain of natural
causes (finite or infinite) is contingent and might not have been; it is
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dependent on a being which exists necessarily. These are what we have
called boundary questions, since they refer only to the existence and
very general features of the world. The teleological argument may
similarly start from orderliness and intelligibility as general
characteristics of nature. But specific evidences of design in nature may
also be cited. In this form the argument has often drawn from the
findings of science.
The founders of modern science frequently expressed admiration for the
harmonious correlations of nature, which they saw as God’s handiwork.
Newton said that the eye could not have been contrived without skill in
optics, and Boyle extolled the evidences of benevolent design
throughout the natural order. If the Newtonian world was the perfect
clock, the deistic God was its designer. In the early nineteenth century,
Paley said that if one finds a watch on a heath, one is justified in
concluding that it was designed by an intelligent being. In the human
eye, many complex parts are coordinated to the one purpose of vision;
here, too, one can only conclude that there was an intelligent designer.
Paley cited many other examples of the coordination of structures
fulfilling functions useful to living organisms.
Hume had already made several criticisms of the teleological argument.
He observed that the organizing principle responsible for patterns in
nature might be within organisms, not external to them. At most the
argument would point to the existence of a finite god or many gods, not
the omnipotent Creator of monotheism. If there are evil and
dysfunctional phenomena in the world, does one ascribe them to a being
with less benevolent intentions? It was Darwin, of course, who dealt the
most serious blow to the argument, for he showed that adaptation can be
explained by random variation and natural selection. An automatic and
impersonal process could account for the apparent design in nature.
Many Protestants ignored the debate, asserting that their religious
beliefs were based on revelation rather than natural theology. Others
advocated a reformulation of the argument. Design is evident, they said,
not in the particular structures of individual organisms, but in the
properties of matter and the laws of nature through which the
evolutionary process could produce such organisms. It is in the design
of the total process that God’s wisdom is evident. In the 1930s, F. R.
Tennant argued that nature is a unified system of mutually supporting
structures that have led to living organisms and have provided the
conditions for human moral, aesthetic, and intellectual life.42
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Reformulations of the teleological argument are common in Roman
Catholic thought, where natural theology has traditionally held a
respected place as a preparation for the truths of revealed theology.43
The British philosopher Richard Swinburne has given an extended
defense of natural theology. He starts by discussing confirmation theory
in the philosophy of science. In the development of science, new
evidence does not make a theory certain. Instead, a theory has an initial
plausibility, and the probability that it is true increases or decreases with
the additional evidence (Bayes’s Theorem). Swinburne suggests that the
existence of God has an initial plausibility because of its simplicity and
because it gives a personal explanation of the world in terms of the
intentions of an agent. He then argues that the evidence of order in the
world increases the probability of the theistic hypothesis. He also
maintains that science cannot account for the presence of conscious
beings in the world. "Something outside the web of physical laws" is
needed to explain the rise of consciousness. Finally, religious
experience provides "additional crucial evidence." Swinburne
concludes, "On our total evidence, theism is more probable than not."44
The most recent rendition of the design argument is the Anthropic
Principle in cosmology. Astrophysicists have found that life in the
universe would have been impossible if some of the physical constants
and other conditions in the early universe had differed even slightly
from the values they had. The universe seems to be "fine-tuned" for the
possibility of life. For example, Stephen Hawking writes, "If the rate of
expansion one second after the big bang had been smaller by even one
part in a hundred thousand million million, the universe would have
recollapsed before it even reached its present size."45 Freeman Dyson
draws the following conclusion from such findings:
I conclude from the existence of these accidents of physics and
astronomy that the universe is an unexpectedly hospitable place
for living creatures to make their home in. Being a scientist,
trained in the habits of thought and language of the twentieth
century rather than the eighteenth, I do not claim that the
architecture of the universe proves the existence of God. I claim
only that the architecture of the universe is consistent with the
hypothesis that mind plays an essential role in its functioning.46
John Barrow and Frank Tipler present many other cases in which there
were extremely critical values of various forces in the early universe.47
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The philosopher John Leslie defends the Anthropic Principle as a design
argument. But he points out that an alternative explanation would be the
assumption of many worlds (either in successive cycles of an oscillating
universe or in separate domains existing simultaneously); These worlds
might differ from each other, and we just happen to be in one that has
the right variables for the emergence of life.48 Moreover, some of these
apparently arbitrary conditions may be necessitated by a more basic
unified theory, on which physicists are currently working. We will
examine these alternatives in chapter 5.
The bishop of Birmingham, Hugh Montefiore, claims that there are
many instances of design in the universe, including the Anthropic
Principle and the directionality of evolution. Some of his other
examples, such as James Lovelock’s "Gaia Hypothesis" and Rupert
Sheldrake’s "morphogenetic fields," are much more controversial and
have little support in the scientific community. Montefiore does not
claim that these arguments prove the existence of God, but only that the
latter is more probable than other explanations.49
Debates continue about the validity of each of these arguments, to
which we will return in later chapters. But even if the arguments are
accepted, they would not lead to the personal, active God of the Bible,
as Hume pointed out, but only to an intelligent designer remote from the
world. Moreover, few if any persons have actually acquired their
religious beliefs by such arguments. Natural theology can show that the
existence of God is a plausible hypothesis, but this kind of reasoning is
far removed from the actual life of a religious community.
2. Theology of Nature
A theology of nature does not start from science, as some versions of
natural theology do. Instead, it starts from a religious tradition based on
religious experience and historical revelation. But it holds that some
traditional doctrines need to be reformulated in the light of current
science. Here science and religion are considered to be relatively
independent sources of ideas, but with some areas of overlap in their
concerns. In particular, the doctrines of creation, providence, and human
nature are affected by the findings of science. If religious beliefs are to
be in harmony with scientific knowledge, some adjustments or
modifications are called for. The theologian will want to draw mainly
from broad features of science that are widely accepted, rather than risk
adapting to limited or speculative theories that are more likely to be
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abandoned in the future.
Our understanding of the general characteristics of nature will affect our
models of God’s relation to nature. Nature is today understood to be a
dynamic evolutionary process with a long history of emergent novelty,
characterized throughout by chance and law. The natural order is
ecological, interdependent, and multileveled. These characteristics will
modify our representation of the relation of both God and humanity to
nonhuman nature. This will, in turn, affect our attitudes toward nature
and will have practical implications for environmental ethics. The
problem of evil will also be viewed differently in an evolutionary rather
than a static world.
For Arthur Peacocke, the starting point of theological reflection is past
and present religious experience, together with a continuous interpretive
tradition. Religious beliefs are tested by community consensus and by
criteria of coherence, comprehensiveness, and fruitfulness. But
Peacocke is willing to reformulate traditional beliefs in response to
current science. He discusses at length how chance and law work
together in cosmology, quantum physics, nonequilibrium
thermodynamics, and biological evolution. He describes the emergence
of distinctive forms of activity at higher levels of complexity in the
multilayered hierarchy of organic life and mind. Peacocke gives chance
a positive role in the exploration and expression of potentialities at all
levels. God creates through the whole process of law and chance, not by
intervening in gaps in the process. "The natural causal creative nexus of
events is itself God’s creative action."50 God creates "in and through"
the processes of the natural world that science unveils.
As we will see in chapter 6, Peacocke provides some rich images for
talking about God’s action in a world of chance and law. He speaks of
chance as God’s radar sweeping through the range of possibilities and
evoking the diverse potentialities of natural systems. In other images,
artistic creativity is used as an analogy in which purposefulness and
open-endedness are continuously present. Peacocke identifies his
position as panentheism (not pantheism). God is in the world, but the
world is also in God, in the sense that God is more than the world. In
some passages, Peacocke suggests the analogy of the world as God’s
body, and God as the world’s, mind or soul. I am sympathetic with
Peacocke’s position at most points. He gives us vivid images for talking
about God’s relation to a natural order whose characteristics science has
disclosed. But I believe that in addition to images that provide a
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suggestive link between scientific and religious reflection, we need
philosophical categories to help us unify scientific and theological
assertions in a more systematic way.
The writings of the Jesuit paleontologist Teilhard de Chardin are
another example of a theology of nature. Some interpreters take The
Phenomenon of Man to be a form of natural theology, an argument from
evolution to the existence of God. I have suggested that it can more
appropriately be viewed as a synthesis of scientific ideas with religious
ideas derived from Christian tradition and experience. Teilhard’s other
writings make clear how deeply he was molded by his religious heritage
and his own spirituality. But his concept of God was modified by
evolutionary ideas, even if it was not derived from an analysis of
evolution. Teilhard speaks of continuing creation and a God immanent
in an incomplete world. His vision of the final convergence to an
"Omega Point" is both a speculative extrapolation of evolutionary
directionality and a distinctive interpretation of Christian eschatology.51
In any theology of nature there are theological issues that require
clarification. Is some reformulation of the classical idea of God’s
omnipotence called for? Theologians have wrestled for centuries with
the problem of reconciling omnipotence and omniscience with human
freedom and the existence of evil and suffering. But a new problem is
raised by the role of chance in diverse fields of science. Do we defend
the traditional idea of divine sovereignty and hold that within what
appears to the scientist to be chance all events are really providentially
controlled by God? Or do both human freedom and chance in nature
represent a self-limitation on God’s foreknowledge and power, required
by the creation of this sort of world?
How do we represent God’s action in the world? The traditional
distinction of primary and secondary causes preserves the integrity of
the secondary causal chains that science studies. God does not interfere
but acts through secondary causes, which at their own level provide a
complete explanation of all events. This tends toward deism if God has
planned all things from the beginning so they would unfold by their own
structures (deterministic and probabilistic) to achieve the goals
intended. Is the biblical picture of the particularity of divine action then
replaced by the uniformity of divine concurrence with natural causes?
Should we then speak only of God’s one action, the whole of cosmic
history? These are some of the questions that a theology of nature must
answer. We will return to them in part 3.
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3. Systematic Synthesis
A more systematic integration can occur if both science and religion
contribute to a coherent world view elaborated in a comprehensive
metaphysics. Metaphysics is the search for a set of general categories in
terms of which diverse types of experience can be interpreted. An
inclusive conceptual scheme is sought that can represent the
fundamental characteristics of all events. Metaphysics as such is the
province of the philosopher rather than of either the scientist or the
theologian, but it can serve as an arena of common reflection. The
Thomistic framework provided such a metaphysics, but one in which, I
would argue, the dualisms of spirit/matter, mind/body, humanity/nature,
and eternity/time were only partially overcome.
Process philosophy is a promising candidate for a mediating role today
because it was itself formulated under the influence of both scientific
and religious thought, even as it responded to persistent problems in the
history of Western philosophy (for example, the mind/body problem).
Alfred North Whitehead has been the most influential exponent of
process categories, though theological implications have been more
fully investigated by Charles Hartshorne, John Cobb, and others. The
influence of biology and physics is evident in the process view of reality
as a dynamic web of interconnected events. Nature is characterized by
change, chance, and novelty as well as order. It is incomplete and still
coming into being. Process thinkers are critical of reductionism; they
defend organismic categories applicable to activities at higher levels of
organization. They see continuity as well as distinctiveness among
levels of reality; the characteristics of each level have rudimentary
forerunners at earlier and lower levels. Against a dualism of matter and
mind, or a materialism that has no place for mind, process though
envisages two aspects of all events as seen from within and from
without. Because humanity is continuous with the rest of nature (despite
the uniqueness of reflective self-consciousness), human experience can
be taken as a clue to interpreting the experience of other beings.
Genuinely new phenomena emerge in evolutionary history, but the basic
metaphysical categories apply to all events.
Process thinkers understand God to be the source of novelty and order.
Creation is a long and incomplete process. God elicits the self-creation
of individual entities, thereby allowing for freedom and novelty as well
as order and structure. God is not the unrelated Absolute, the Unmoved
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Mover, but instead interacts reciprocally with the world, an influence on
all events though never the sole cause of any event. Process metaphysics
understands every new event to be jointly the product of the entity’s
past, its own action, and the action of God. Here God transcends the
world but is immanent in the world in a specific way in the structure of
each event. We do not have a succession of purely natural events,
interrupted by gaps in which God alone operates. Process thinkers reject
the idea of divine omnipotence; they believe in a God of persuasion
rather than compulsion, and they have provided distinctive analyses of
the place of chance, human freedom, evil, and suffering in the world.
Christian process theologians point out that the power of love, as
exemplified in the cross, is precisely its ability to evoke a response
while respecting the integrity of other beings. They also hold that divine
immutability is not a characteristic of the biblical God who is intimately
involved with history. Hartshorne elaborates a "dipolar" concept of
God: unchanging in purpose and character, but changing in experience
and relationship.52
In The Liberation of Life, Charles Birch and John Cobb have brought
together ideas from biology, process philosophy, and Christian thought.
Early chapters develop an ecological or organismic model in which (1)
every being is constituted by its interaction with a wider environment,
and (2) all beings are subjects of experience, which runs the gamut from
rudimentary responsiveness to reflective consciousness. Evolutionary
history shows continuity but also the emergence of novelty. Humanity is
continuous with and part of the natural order. Birch and Cobb develop
an ethics that avoids anthropocentrism. The goal of enhancing the
richness of experience in any form encourages concern for nonhuman
life, without treating all forms of life as equally valuable. These authors
present a powerful vision of a just and sustainable society in an
interdependent community of life.53
Birch and Cobb give less attention to religious ideas. They identify God
with the principle of Life, a cosmic power immanent in nature. At one
point it is stated that God loves and redeems us, but the basis of the
statement is not clarified. But earlier writings by both these authors
indicate their commitment to the Christian tradition and their attempt to
reformulate it in the categories of process thought. Writing with David
Griffin, for example, Cobb seeks "a truly contemporary vision that is at
he same time truly Christian."54 God is understood both as "a source of
novelty and order" and as "creative-responsive love." Christ’s vision of
the love of God opens us to creative transformation. These authors also
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show that Christian process theology can provide a sound basis for in
environmental ethics.
I am in basic-agreement with the "Theology of Nature" position,
coupled with a cautious use of process philosophy. Too much reliance
on science (in natural theology) or on science and process philosophy
(as in Birch and Cobb) can lead to the neglect of the areas of experience
that I consider most important religiously. As I see it, the center of the
Christian Life is an experience of reorientation, the healing of our
brokenness in new wholeness, and the expression of a new relationship
to God and to the neighbor. Existentialists and linguistic analysts rightly
point to the primacy of personal and social life in religion, and neoorthodoxy rightly says that for the Christian community it is in response
to the person of Christ that our lives can be changed. But the centrality
of redemption need not lead us to belittle creation, for our personal and
social lives are intimately bound to the rest of the created order. We are
redeemed in and with the world, not from the world. Part of our task,
then, is to articulate a theology of nature, for which we will have to
draw from both religious and scientific sources.
In volume 2, I will advocate a view of Christian ethics as response to
what God has done and is doing. Traditionally this has been developed
primarily as response to God as Redeemer, but I will suggest that today
our response to God as Creator and Sustainer is equally important in
elaborating an ethic for technology and the environment. The
reformulation of the doctrine of creation in the light of science in the
current volume will thus play a major role in the subsequent volume.
In articulating a theology of nature, a systematic metaphysics can help
us toward a coherent vision. But Christianity should never be equated
with any metaphysical system. There are dangers if either scientific or
religious ideas are distorted to fit a preconceived synthesis that claims to
encompass all reality. We must always keep in mind the rich diversity
of our experience. We distort it if we cut it up into separate realms or
watertight compartments, but we also distort it if we force it into a neat
intellectual system. A coherent vision of reality can still allow for the
distinctiveness of differing types of experience. In the chapters that
follow I will try to do justice to what is valid in the Independence
position, though I will be mainly developing the Dialogue position
concerning methodology and the Integration thesis with respect to the
doctrines of creation and human nature.
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Chapter 2: Models and Paradigms
This chapter examines some parallels between the methods of science and those of religion. It
develops the Methodological Parallels position discussed under Dialogue in the previous chapter.
Whereas advocates of Independence see only the differences between science and religion,
advocates of Dialogue usually point to similarities. The differences will not be ignored here, though
they will be more specifically explored in chapter 3.
We begin with a comparison of the general structures of scientific and religious thought. Then the
role of conceptual models in both fields is analyzed. A summary of the debate over the role of
paradigms in science follows, and some possible parallels in religion are presented. In the final
section, we consider the balance between tentativeness and commitment in each field.
I. The Structures of Science and Religion
We look first at the relation between the two basic components of science: data and theory. It is
then suggested that in religion the data are religious experience, story, and ritual, and that religious
beliefs have some functions similar to those of scientific theories. The distinctive features of
religious story and ritual are also discussed.1
1. Theory and Data in Science
The fundamental components of modern science are: (1) particular observations and experimental
data, and (2) general concepts and theories. How are theories related to data? Since Bacon and Mill,
the inductive view has held that the scientist starts with observations and formulates theories by
generalizing the patterns in the data (this would be represented by an arrow upward from data to
theories in figure 1). But this view is inadequate because theories involve novel concepts and
hypotheses not found in the data, and they often refer to entities and relationships that are not
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directly observable.
Observation/Data………Imagination/Analogies/Models………..Concepts/Theories………Theories
influence observation
Fig. 1 The Structure of Science
There is, then, no direct upward line of logical reasoning from data to theories in the diagram, but
only the indirect line at the left, representing acts of creative imagination for which no rules can be
given. Often a new concept or relationship is first thought of by analogy with a more familiar
concept or relationship, but with a novel modification or adaptation. Frequently the analogy is
systematically developed as a conceptual model of a postulated entity that cannot be directly
observed. The model leads to the formulation of a generalized and abstract theory. For example, the
billiard ball model of a gas postulated invisible gas particles that were imagined to collide and
bounce off each other like billiard balls. From the model, the kinetic theory of gases was
developed.
To be scientifically useful, a theory must be tested experimentally. A theory leads us to expect
some observations and not others. This is the hypothetico-deductive view of science, represented by
the downward arrow from theory to observation. The context of discovery (left-hand loop) differs
from the context of justification (downward arrow). If a theory or hypothesis is valid, then
particular observational patterns are expected, though the reasoning process always involves a
variety of background assumptions, auxiliary hypotheses, and rules of correspondence linking
theoretical and observational terms. In the case of the kinetic theory of gases, we can calculate the
change in the momentum of the hypothetical particles when they strike the walls of the containing
vessel. If we assume perfectly elastic collisions and particles of negligible size, we can derive
Boyle’s Law relating the observed pressure and volume of a gas sample. The corroboration of such
deductions leads us at least tentatively to accept a theory.2
This hypothetico-deductive view dominated philosophy of science in the 1950s and early 1960s. It
assumed that data are describable in a theory-free observation language and that alternative theories
are tested against these fixed, objective data. Even though agreement with data does not verify a
theory (since there may be other theories that would also agree), it was claimed by Karl Popper and
others that disagreement with data will conclusively falsify a theory. But studies in the history of
science cast doubt on this claim.
In some cases, discordant data were brought into harmony with a theoretical prediction by the
introduction of ad hoc auxiliary hypotheses. Early opponents of Copernican astronomy said the
hypothesis that the earth moves around the sun must be false because there is no visible annual
change in the apparent position of near stars relative to distant stars. But Copernicus dismissed this
discrepancy by introducing the hypothesis (for which there was then no independent evidence) that
all the stars are very distant compared to the size of the solar system. In other historical cases a
theory was retained without modification and the discordant data were simply set to one side as an
unexplained anomaly. Newton in his Principia admitted that the observed motion of the apogee
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(the most distant point) of the moon’s elliptical orbit in successive revolutions was twice that
predicted by his theory. For sixty years the disagreement, which far exceeded the limits of
experimental error, could not be accounted for, yet it was never taken to disprove the theory.
We can never test a theory alone, but only as part of a network of theories. If a theory fits poorly
with the data at one point, other parts of the network can usually be adjusted to improve the fit.
Theories with terms far from the observational boundaries are not uniquely determined by the
data.3 Normally, a group of background theories is simply assumed and treated as unproblematic
while attention is directed to a new or controversial theory. In many scientific disputes, the
contending parties agree on most of these background assumptions, and so they can agree on the
kinds of experimental data that both sides will accept as a crucial test for adjudicating between rival
theories. But in some cases two theories of broad scope involve differing ways of interpreting the
data, or they are correlated with differing bodies of data or differing types of explanation, and no
simple experimental adjudication is possible.
Moreover, all data are theory-laden. There simply is no theory-free observational language.
Theories influence observations in many ways (as shown in the right-hand loop in the diagram).
The selection of phenomena to study and the choice of variables considered significant to measure
are theory-dependent. The form of the questions we ask determines the kind of answers we receive.
Theories are reflected in our assumptions about the operation of our equipment and in the language
in which observations are reported.4 This account differs sharply from the empiricist account, in
which the edifice of knowledge is built on the secure foundation of unchanging facts.
In addition, the object observed may be altered by the process of observation itself. We will see
that this is particularly problematic in the microworld of quantum physics and in the complex
networks of ecosystems. We are not detached observers separate from observed objects; we are
participant observers who are part of an interactive system.
Thomas Kuhn has argued that scientific data are strongly dependent on dominant paradigms. A
paradigm, as we have seen, is a cluster of conceptual and methodological presuppositions
embodied in an exemplary body of scientific work, such as Newtonian mechanics in the eighteenth
century or relativity and quantum physics in the twentieth century. A paradigm implicitly defines
for a given scientific community the kinds of questions that may fruitfully be asked and the types of
explanations to be sought. Through standard examples, students learn what kinds of entities exist in
the world and what methods are suitable for studying them. A paradigm shift is "a scientific
revolution," "a radical transformation of the scientific imagination," which is not unequivocally
determined by experimental data or by the normal criteria of research. Accepted paradigms are thus
more resistant to change and more difficult to overthrow than are particular theories. Paradigms are
the products of particular historical communities.5 Here we. see a contextualism, a historicism, and
a relativism contrasting with the formalism and the empiricism of Popper’s account.
There are four criteria for assessing theories in normal scientific research:
1. Agreement with Data. This is the most important criterion, though it never provides proof that a
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theory is true. For other theories not yet developed may fit the data as well or better. Theories are
always underdetermined by data. Nor does disagreement with data prove a theory false, since ad
hoc modifications or unexplained anomalies can be tolerated for an indefinite period. However,
agreement with data and predictive success -- especially the prediction of novel phenomena not
previously anticipated -- constitute impressive support for a theory.
2. Coherence. A theory should be consistent with other accepted theories and, if possible,
conceptually interconnected with them. Scientists also value the internal coherence and simplicity
of a theory (simplicity of formal structure, smallest number of independent or ad hoc assumptions,
aesthetic elegance, transformational symmetry, and so forth).
3. Scope. Theories can be judged by their comprehensiveness or generality. A theory is valued if it
unifies previously disparate domains, if it is supported by a variety of kinds of evidence, or if it is
applicable to wide ranges of the relevant variables.
4. Fertility. A theory is evaluated not just by its past accomplishments but by its current ability and
future promise in providing the framework for an ongoing research program. Is the theory fruitful
in encouraging further theoretical elaboration, in generating new hypotheses, and in suggesting new
experiments? Attention is directed here to the continuing research activity of a scientific
community rather than to the finished product of their work.
Western thought has included three main views of truth, and each emphasizes particular criteria
from the list above. The correspondence view says that a proposition is true if it corresponds to
reality. This is the common-sense understanding of truth. The statement "it is raining" is true if in
fact it is raining. This is the position adopted by classical realism, and it seems to fit the empirical
side of science as specified by the first criterion: theories must agree with data. But we have said
that there are no theory-free data with which a theory can be compared. Many theories postulate
unobservable entities only indirectly related to observable data. We have no direct access to reality
to compare it with our theories.
The coherence view says that a set of propositions is true if it is comprehensive and internally
coherent. In mathematics one has a system of logically related statements, none of which can be
judged alone apart from the others. In science there are empirical statements, but they turn out to be
complex interpretations expressed in propositions, so one ends up judging the coherence of
propositions. This view has been adopted by rationalists and philosophical idealists, and it seems to
fit the theoretical side of science. We have said that a single theory can never be evaluated in
isolation, but only as part of a network of theories. Our second and third criteria were coherence
and scope. But this position is also problematic, since there may be more than one internally
coherent set of theories in a given domain. Moreover, judgments of agreement with data differ in
character from judgments of internal coherence and cannot be assimilated to the latter. In addition,
reality seems to be more paradoxical and less logical than the rationalists assume.
The pragmatic view says that a proposition is true if it works in practice. We should judge by the
consequences. Is an idea fruitful and suggestive? Is it useful in satisfying individual and social
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needs and interests? Ideas and theories are guides to action in particular contexts. Instrumentalists
and linguistic analysts usually dismiss questions of truth, and they talk only about the diverse
functions of language. But they often adopt a pragmatic view of scientific language. There is a
pragmatic element in Kuhn’s thesis that scientific inquiry is problem-solving in a particular
historical context and within a particular paradigm community. This side of science is reflected in
our fourth criterion: fertility. But taken alone this criterion is inadequate; whether an idea "works"
or is "useful" remains vague unless these concepts are further specified by other criteria. Even to
ask the question "could a false idea have useful consequences?" shows that we distinguish between
the meanings of truth and usefulness.
My own conclusion is that the meaning of truth is correspondence with reality. But because reality
is inaccessible to us, the criteria of truth must include all four of the criteria mentioned above. The
criteria taken together include the valid insights in all these views of truth. One or another of the
criteria may be more important than the others at a particular stage of scientific inquiry. Because
correspondence is taken as the definition of truth, this is a form of realism, but it is a critical
realism because a combination of criteria are used. I will be advocating such a critical realism
throughout this volume.
In sum, science does not lead to certainty. Its conclusions are always incomplete, tentative, and
subject to revision. Theories change in time, and we should expect current theories to be modified
or overthrown, as previous ones have been. But science does offer reliable procedures for testing
and evaluating theories by a complex set of criteria. We will later examine the role of individual
judgment and the traditions of particular scientific communities in the application of these criteria.
2. Belief and Experience In Religion
The basic structure of religion is similar to that of science in some respects, though it differs at
several crucial points. The data for a religious community consist of the distinctive experiences of
individuals and the stories and rituals of a religious tradition. Let us start by considering religious
experience, which is always interpreted by a set of concepts and beliefs. These concepts and beliefs
are not the product of logical reasoning from the data; they result from acts of creative imagination
in which, as in the scientific case, analogies and models are prominent (figure 2). Models are also
drawn from the stories of a tradition and express the structural elements that recur in dynamic form
in narratives. Models, in turn, lead to abstract concepts and articulated beliefs that are
systematically formalized as theological doctrines.

Religious experience/Story and
ritual……..Imagination/Analogies/Models………Concepts/Beliefs………..Beliefs influence
experience and interpretation
Fig. 2 The Structure of Religion
The experiential testing of religious beliefs is problematic (so the downward arrow is shown as a
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dashed line), though we will find that there are criteria for judging the adequacy of beliefs.
Moreover, there are no uninterpreted experiences, as there are no theory-free data in science.
Religious beliefs influence experience and the interpretation of traditional stories and rituals (the
loop on the right of the diagram) -- an even stronger influence than that of scientific theories on
data. Here, too, paradigms are extraordinarily resistant to change, and when paradigm shifts do
occur a whole network of conceptual and methodological assumptions is altered. We will examine
in turn each of these features of religious life and thought.
Six distinctive types of religious experience recur in a variety of traditions around the world.6
1. Numinous Experience of the Holy. Persons in many cultures have described a sense of awe and
reverence, mystery and wonder, holiness and sacredness. Participants may experience a sense of
otherness, confrontation, and encounter, or of being grasped and laid hold of. Here individuals
typically express awareness of their dependence, finitude, limitation, and contingency. The
experience is often interpreted in terms of a personal model of the divine. This pattern is found in
both Western and Eastern [Asian] religions but is more prominent in the West. It emphasizes a
strong contrast between the finitude of the human and the transcendence of the divine.
2. Mystical Experience of Unity. Mystics in many traditions have spoken of the experience of the
unity of all things, found in the depth of the individual soul and in the world of nature. Unity is
achieved in the discipline of meditation and is characterized by joy, harmony, serenity, and peace.
In its extreme form the unity may be described as selflessness and loss of individuality and the joy
as bliss or rapture. The experience is often correlated with impersonal models of the divine,
especially in Eastern traditions, though it occurs in the West with both personal and impersonal
models. Here the unity rather than the separation of the human and divine is emphasized. The
numinous and the mystical seem to be the most common types of religious experience around the
world.
3. Transformative Experience of Reorientation. In the lives of some individuals, acknowledgment
of guilt has been followed by the experience of forgiveness. Others have described a transition from
brokenness and estrangement to wholeness and reconciliation. Some experience a healing of
internal divisions or a restoration of relationship with other persons. Such reorientation and
renewal, whether sudden or gradual, may lead to self-acceptance, liberation from self-centeredness,
openness to new possibilities in one’s life, a greater sensitivity to other persons, or perhaps
dedication to a style of life based on radical trust and love. Such transformative experiences are
prominent in the Christian tradition, but parallels are found in many traditions.
4. Courage in Facing Suffering and Death. Suffering, death, and transiency are universal human
experiences, and responses to them are found in virtually every religious tradition. Meaninglessness
is overcome when people view human existence in a wider context of meaning, beyond the life of
the individual. Attitudes toward suffering and death are affected when trust replaces anxiety (in the
West), or when detachment replaces the attachment that gives suffering and death their power over
us (in the East). Such experiences can, of course, be described in psychological terms, but in
religious traditions they are understood in relation to a view of ultimate reality beyond the
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individual.
5. Moral Experience of Obligation. Many people have felt moral demands overriding their own
inclinations. Though the voice of conscience is in part the product of social conditioning, it may
also lead persons to express judgment on their culture or moral outrage in the face of evil, even at
the risk of death. Judgments of good and evil, right and wrong, are made in the light of one’s view
of the nature of ultimate reality. Moral demands may be understood as the will of a God of justice
and love or as a requirement for harmony with the cosmic process. In the West, prophetic protest
against social injustice has been viewed as a response to God’s purposes.
6. Experience of Order and Creativity in the World. At the intellectual level, the presence of order
and creativity in nature has served as the basis for inferring a divine source of order, beauty, and
novelty (as in the classical argument from design). At the experiential level, people have responded
to the world with reverence and appreciation, with gratitude for the gift of life, and with wonder
that nature has a rational order intelligible to our minds. In the numinous tradition this is expressed
as a dependence on a Creator who is the ground of order and creativity. In the mystical tradition it
is more often articulated as dependence on a creative force immanent within nature.
Such experiences sometimes appear private and individual, but they occur in the context of a
community. Experience is always affected by prior expectations and beliefs. The founders of new
traditions started with inherited cultural assumptions, even if they challenged some of those
assumptions. After their distinctive experiences, they evoked powerful responses among their
followers. In subsequent generations, the experiences of individuals were subjected to a process of
sorting and selecting within the ongoing community. The group affirmed some forms of experience
and not others, and it set limits on acceptable beliefs -- though these limits have changed
historically and may allow for considerable reformulation. Most traditions ‘have included prophetic
figures who criticized accepted ideas and practices, while those in priestly roles were more often
dedicated to continuity and the preservation of the past. There have been periods of codification
and institutionalization, and periods of reformation and change.
If the task of the theologian is systematic reflection on the life and thought of the religious
community, this will include critical assessment according to particular criteria. I suggest that
assessment of beliefs within a paradigm community can be undertaken with the same criteria listed
above for scientific theories, though the criteria will have to be applied somewhat differently. (The
questions of assessing the paradigms themselves and judging among religious traditions are taken
up in the next chapter.)
1. Agreement with Data. Religious beliefs must provide a faithful rendition of the areas of
experience that are taken by the community to be especially significant. I have argued that the
primary data are individual religious experience and communal story and ritual. Here the data are
much more theory-laden than in the case of science. We will have to examine the influence of
beliefs on experience and on the interpretation of story and ritual.
2. Coherence. Consistency with other accepted beliefs ensures the continuity of a paradigm
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tradition. The intersubjective judgment of the community provides protection against individualism
and arbitrariness. But there is room for reformulation and reinterpretation, and the ideas of religious
communities have indeed undergone considerable change throughout history. There are also close
internal relationships among a ~t of religious beliefs.
3. Scope. Religious beliefs can be extended to interpret other kinds of human experience beyond
the primary data, particularly other aspects of our personal and social lives. In a scientific age, they
must also at least be consistent with the findings of science. Religious beliefs can contribute to a
coherent world view and a comprehensive metaphysics.
4. Fertility. In the case of science, theories are judged partly by their promise for encouraging an
ongoing research program, which is the central activity of science. Because religion involves a
greater diversity of activities and serves some functions quite different from those of science,
fertility here has many dimensions. At the personal level, religious beliefs can be judged by their
power to effect personal transformation and the integration of personality. What are their effects on
human character? Do they have the capacity to inspire and sustain compassion and create love? Are
they relevant to urgent issues of our age, for example, environmental destruction and nuclear war?
Judgments on such questions will of course be paradigm-dependent, but they are an important part
of the evaluation of religion as a way of life. These questions are explored later in this chapter.
3. Story and Ritual in Christianity
In addition to religious experience, religious tradition includes a second form of data, namely a set
of stories and rituals. Traditions are transmitted primarily through stories and their reenactment in
rituals, rather than through abstract concepts and doctrinal beliefs. Religious stories were initially
the products of experiences and events, interpreted imaginatively (an activity belonging on the left
side of the diagram in figure 2). But the stories were later recorded in scriptures and became part of
the data to which people responded in subsequent generations. Many scholars of religion use the
term myths to refer to the central narratives of a religious tradition, insisting that the term does not
imply any judgment either for or against the narratives’ historicity or validity. However, in popular
usage, a myth refers to a fictional and untrue tale, so I have come to prefer the term story, since the
status of a story is clearly left open.
The central religious stories are taken to manifest the character of the cosmic order and our
relationship to it. They are significant in personal and communal life because they endorse
particular ways of ordering experience, and they provide exemplary patterns for human actions.
Such stories inform us about ourselves; our self-identity as individuals and as communities is in
part constituted by these narratives. They are recalled in liturgy and acted out in ritual. Past events
become present (re-presented) in symbolic reenactment. Creation stories found in most cultures
portray the essential structures of reality and the cosmic context for human existence. Other stories
exhibit a saving power in human life that can overcome some of its flaws or distortions (variously
seen as sin, ignorance, or attachment). The power to transform life and restore relationships may be
expressed in a personal redeemer or in a law or discipline to be followed.7
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It is important to look at particular religions rather than at religion in general; I will primarily
consider the Christian tradition, though I will give some examples from other traditions.
Christianity re-presents three central stories.
1. The Creation of the World. The opening chapters of Genesis set human life in a framework of
significance and meaning. They portray a world that is good, orderly, and coherent. They picture a
God who is free, transcendent, and purposeful. These theological affirmations are conveyed
through a dramatic narrative, which assumes a prescientific cosmology. In chapter 5 we will
consider the interpretation of this story in a scientific age. We will note the connections of the
creation story with human experience, theological doctrine, ritual practice, and ethical action. For
example, the liturgies of ancient psalms and modern hymns and prayers give recurrent voice to
gratitude for the created order. We will see also how a view of creation affects attitudes toward
nature and the ways in which we treat the environment.
2. The Covenant with Israel. The Exodus stories of liberation from captivity in Egypt and the
giving of the covenant at Sinai are central in Judaism but are also significant in Christian identity.
Here the community’s existence is understood as response to a God who is liberator and redeemer
as well as creator. It is not surprising that liberation theology among oppressed groups today
(blacks, women, Third World nations) has given prominence to the exodus theme. Rituals such as
Passover and the liturgies expressing gratitude for the Torah lie at the heart of Judaism and have
influenced Christian worship and ethics. Most biblical scholars today hold that many of the details
of the Law come from later centuries, but they trace the distinctive features of ethical monotheism
and the concept of covenant to the time of Moses. The stories, that is, originated in historical
events, but as they appear in scripture they involve centuries of elaboration and interpretation.
3. The Life of Christ. The most important stories for the Christian community recount the life,
teachings, death, and resurrection of Christ. These narratives, historically based but inescapably
involving interpretation, are central to individual and communal religious identity. The most
prominent ritual (Eucharist or Lord’s Supper) and festivals (Christmas and Easter) celebrate and represent crucial portions of this story. The early Christians wrote of their experience of liberation
from anxiety and the fear of death and their empowerment to new patterns of life, which for them
was connected with the person of Christ and the continuing activity of God as Holy Spirit. The
story continues in the community’s response to the life of Christ (recorded in the book of Acts,
Paul’s letters, and subsequent Christian literature).
Each of the major world religions has its own central stories. Hinduism, for instance, tells creation
stories portraying the cosmic order as a context for human life. The most popular Hindu scripture,
the Bhagavad Gita, recounts the story of Arjuna’s dialogue with Krishna (in the form of a
charioteer) on the eve of battle. In the course of the dialogue, the three classical patterns of Hindu
religious life are set forth: the way of works (carrying out one’s social duties and home rituals
without excessive attachment to them); the way of knowledge (disciplined meditation seeking unity
with the all-inclusive Brahman); and, finally, the way of devotion (loving devotion to a personal
deity, such as the compassionate Krishna). The Gita includes examples of numinous experience
(Arjuna’s awe-inspiring vision of the power of the god Vishnu) and examples of mystical
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experience (liberation from the illusion of selfhood through the peace of participation in the Infinite
which pervades all things). These two strands come together when the personal deity, Krishna, is
recognized as one of the manifestations or faces of Brahman, the impersonal Absolute.8
The data of religion, then, are the characteristic experiences, stories, and rituals of particular
religious communities. Often the early memories of formative experiences and events are recorded
in scriptures, to which members of the community respond in later generations, adding new layers
of experience and ritual, Systematic concepts, beliefs, and doctrines are elaborated and
reformulated to interpret these primary religious phenomena.
II. The Role of Models
Within these general structures of experience and interpretation, the role of models is particularly
interesting both in science and in religion.
1. Models in Science
We have seen that in science there is no direct route by logical reasoning from data to theory.
Theories arise in acts of creative imagination in which models often play a role. Here we are talking
about conceptual or theoretical models, not experimental or scale models constructed in the
laboratory, nor logical or mathematical models, which are abstract and purely formal relationships.
Theoretical models usually take the form of imagined mechanisms or processes postulated in a new
domain by analogy with familiar mechanisms or processes.
Three general characteristics may be noted in theoretical models:9
1. Models are analogical. A scientist working in a new domain may posit entities having some of
the properties of a familiar entity (the positive analogy) and some properties unlike those of the
familiar entity (the negative analogy). The Bohr model of the atom, in which "planetary" electrons
revolve in orbits around a central nucleus, resembled the familiar solar system in some of its
dynamic properties, but the key assumption that only certain orbits are allowed (quantization) had
no classical analogue at all. The model aided the formulation of the mathematical equations for the
theory (for example, the equations for the energy levels of the electrons). It also suggested how
theoretical terms characterizing entities not directly observable might be related to observable
variables (for example, how the transition of an electron between two orbits might be related to the
frequency of the light emitted).
2. Models contribute to the extension of theories, Some claim that a model is a temporarily useful
psychological aid that can be discarded once the equations of the theory are formulated. But this
ignores the fact that it is often the model rather than the theory that suggests its application to new
phenomena or new domains. It was the billiard ball model that suggested how the kinetic theory of
gases might be applied to gas diffusion, viscosity, and heat conduction. Moreover, the model was
crucial to the modification of the theory. Gases under high pressure depart significantly from
Boyle’s Law. This could be accounted for with a revised model (elastic spheres with finite volume
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2065 (10 of 34) [2/4/03 6:38:41 PM]

Religion in an Age of Science

and attractive forces), which departs from the simple billiard ball model, but which would not have
occurred to anyone without the earlier model. The suggestiveness and open-endedness of models
provide a continuing source of possible applications, extensions, and modifications of theories.
3. Models are intelligible as units. Models provide a mental picture whose unity can be more
readily understood than that of a set of abstract equations. A model can be grasped as a whole,
giving a vivid summary of complex relationships, which is useful in extending and applying the
theory as well as in teaching it. Images are creative expressions of imagination in the sciences as
well as in the humanities. The intuitive intelligibility of a model is, of course, no guarantee of its
validity. Deductions from the theory to which the model leads must be tested carefully against the
data, and more often than not the proposed model must be amended or discarded. Models are used
to generate promising theories to test by the diverse criteria outlined earlier.
In the quantum theory that has replaced the Bohr model, mechanical models are given up and there
are severe limitations on the use of visualizable models. Nevertheless, two basic models, the wave
model and the particle model, underlie the formalisms of quantum theory and suggest ways of
correlating theory and experiment. These two basic models cannot be satisfactorily unified (the
wave/particle paradox), even though a unified set of equations can be provided in the abstract
theory. From the theory we can predict only the probability that a measurement in the atomic or
subatomic world will have a particular value; we cannot predict exact values for a measurement.
The models are more than a temporary expedient, for they continue to contribute to the
interpretation of the mathematical formalism and to the modification of the theory and its extension
to new domains.
Some of the novel characteristics of quantum physics will be discussed in a later chapter. Here we
note only that complementary models are used despite their problematic status. Bohr formulated the
Complementarity Principle, recognizing that "a complete elucidation of one and the same object
may require diverse points of view which defy a unique description."10 He acknowledged the
interaction between subject and object and the importance of the particular experimental
arrangement. But he also stressed the conceptual limitations of human understanding. We must
choose between causal or spatiotemporal descriptions, between wave and particle models, between
accurate knowledge of momentum or of position. We have successive and incomplete perspectives
that cannot be neatly unified.
Such models and theories clearly cannot be taken as literal descriptions of entities in the world, as
classical realism assumed. At the opposite extreme, instrumentalism holds that models and theories
are calculating devices whose only function is to allow the correlation and prediction of
observations. Instrumentalism sees them as heuristic fictions, useful only as intellectual instruments
for organizing research and for controlling the world. According to instrumentalists, models and
theories do not describe or refer to real entities in the world.
I have elsewhere defended the intermediate position of critical realism.11 On this view, models and
theories are abstract symbol systems, which inadequately and selectively represent particular
aspects of the world for specific purposes. This view preserves the scientist’s realistic intent while
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recognizing that models and theories are imaginative human constructs. Models, on this reading,
are to be taken seriously but not literally; they are neither literal pictures nor useful fictions but
limited and inadequate ways of imagining what is not observable. They make tentative ontological
claims that there are entities in the world something like those postulated in the models.
Opponents of realism argue that successive scientific theories are not convergent, cumulative, or
progressive. New theories often exhibit radical changes in conceptual framework rather than
refinements that preserve and add to earlier concepts. The history of science is said to be littered
with theories that were successful and fruitful in their day, but that were later totally rejected rather
than being modified -- including Ptolemaic astronomy, phlogiston chemistry, catastrophic geology,
Lamarckian evolution, caloric heat theory, and ether theories in physics.12
But recent years have seen a revival of interest in realism. Many books and articles on the subject
have appeared in the last few years.13 For example, some have pointed out that new theories exhibit
continuity as well as discontinuity in relation to the theories they replace. Usually some of the
concepts in the old theory and much of the data accumulated under its guidance are carried over
into the new context. Sometimes the laws of the old theory are actually included in the new theory
as limiting cases. Thus the laws of classical mechanics are limiting cases of relativistic laws at low
velocities, though the fundamental concepts have been radically redefined. Later theories typically
provide a better empirical fit and extend to wider domains, so that one can indeed speak of progress
according to the criteria listed earlier.
We have greater confidence in the existence of a theoretical entity, such as the electron, if it is
linked to many different kinds of phenomena explored in diverse types of experiment. With a new
theory, scientists believe they have a better understanding of the structure of the world, not just a
more accurate formula for correlating observations. Theoretical concepts are tentative and
revisable, but they are taken to characterize and refer to the world. Unless a theory is at least
partially true, how can we account for its success in predicting entirely new phenomena with types
of observation radically different from those that led to the theory? Science, in short, is at the same
time a process of discovery and a venture in human imagination.
The basic assumption of realism is that existence is prior to theorizing. Constraints on our
theorizing arise from structures and relationships already existing in nature. Scientific discoveries
are often quite unexpected. Humility before the given is appropriate; we learn from nature in order
to set limits on our imagination. While the history of science exhibits no simple convergence or
"successive approximation," it does include a body of well-attested theory and data, most of which
can be considered trustworthy, even though any part of it is revisable. Can anyone doubt, for
example, that we know more about the human body than we did five hundred years ago, even
though there is still much to be known, and some of our current ideas may be rejected?
Ernan McMullin defends a critical realist view of models, especially those postulating hidden
structures. He holds that "a good model gives us insight into real structures, and that the long term
success of a theory, in most cases, gives reason to believe that something like the theoretical
entities of that theory actually exist."14 A good model, he says, is not a dispensable temporary
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expedient but a fruitful and open-ended source of continuing ideas for possible extensions and
modifications. Like a poetic metaphor, it offers tentative suggestions for exploring a new domain.
A structural model may change as research progresses, McMullin observes, but it also exhibits
substantial continuity as the original model is extended. One of his examples is the model of
continental drift, which proved inconsistent with geological data but which itself suggested the
tectonic plate model -- a model supported by more recent evidence concerning mid-ocean rifts and
earthquake zones.
Most scientists are incurably realist, but their confidence in the status of models and theoretical
entities varies among fields and in different historical periods. Models of larger scale and more
familiar types of structure tend to be viewed more realistically. A geologist is not likely to doubt
the existence of tectonic plates or prehistoric dinosaurs, though neither can be directly observed. In
1866, Mendel postulated hypothetical "units of hereditary transmission." which were later
identified as genes in chromosomes and more recently as long segments of DNA. As we move
further from familiar objects, instruments greatly extend our powers of direct or indirect
observation.
When we get to the strange subatomic world, common sense fails us and we cannot visualize what
is going on. Quarks behave like nothing familiar to us, and their quantum numbers (arbitrarily
named strangeness, charm, top, bottom, and color) specify abstract rules for the ways they combine
and interact. Even here, I will propose later, our theories are an attempt to represent reality, though
microreality is not like the everyday world and ordinary language is inadequate to describe it.
2. Models in Religion
Religious models, we have said, lead to beliefs that correlate patterns in human experience. In
particular, models of the divine are crucial in the interpretation of religious experience. They
represent in images the characteristics and relationships portrayed in narrative form in stories. But
models are less conceptually articulated and less systematically developed than beliefs and
doctrines, which take the form of propositional statements rather than narratives or images.
Like scientific models, religious models are analogical. Religious language often uses imaginative
metaphors, symbols, and parables, all of which express analogies. The most frequently used and
systematically developed analogies are incorporated in models, such as the model of God as Father.
Religious models, too, are extensible. A model originating in religious experience and key
historical events is extended to interpret other areas of individual and communal experience, and it
may be modified in the process. Religious models are also unitary; they are grasped as a whole
with vividness and immediacy. 15
As in the scientific case, I defend a critical realism that takes religious models seriously but not
literally. They are neither literal descriptions of reality nor useful fictions, but human constructs
that help us interpret experience by imagining what cannot be observed. The biblical prohibition of
graven images or "any likeness" (Exodus 20:4) is both a rejection of idolatry and an
acknowledgment that God cannot be adequately represented in visual imagery. The sense of awe
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and mystery associated with numinous experience is an additional safeguard against literalism. But
we do not have to go to the opposite extreme and take religious models as psychologically useful
fictions whose only function is to express and evoke distinctive ethical attitudes, as some
instrumentalists hold.16
Janet Soskice has advocated a form of critical realism concerning models in both science and
religion. In both cases, she suggests, there were originating experiences and events in which a
model was first introduced, and there was a subsequent linguistic community and interpretive
tradition which perpetuated it. "The sacred literature thus records the experience of the past and
provides the descriptive language by which new experience may be interpreted."17 Particular
models are emphasized if they illuminate similar experiences in the later history of the community.
The models supported by the experience of many generations find continued literary expression
and are used in liturgy and devotional practices.
Soskice also claims that the continuity of the linguistic community guarantees a continuity of
reference for models in both science and religion (for example, reference to "electrons" or "God"),
even though the descriptive terms used are revisable and change over time. I find her portrayal of
the interaction of experiences and interpretive linguistic traditions very illuminating. But I suggest
that our acceptance of the referential character of religious language must rest on contemporary
evaluation by the criteria outlined above, rather than on linguistic continuity. There has been a
continuous interpretive tradition in astrology for several thousand years, but I do not believe that
the connections it makes between the planets and human life patterns are referential. Theologians
have the tasks of analysis and reformulation as well as passing on a tradition.
Frank Brown has raised some questions about the relation between metaphoric and conceptual
thought in theological reflection that are relevant to the discussion of models. 18 He starts from the
prominence of metaphor in scripture. Should theologians translate such metaphors into concepts
and doctrines that can be systematized and analyzed? No, says Brown, because metaphors cannot
be fully expressed in concepts; their implications are open-ended and contextual. Moreover,
metaphors will always be valuable in enabling us to re-describe our own experience and in their
power to transform our personal lives. Concepts are abstract, but metaphoric symbols are
experientially rich and are thus central in ritual and worship. Brown concludes that we have to
move back and forth between metaphoric and conceptual modes of thought. I suggest that models
can facilitate this dialectic, since they are more fully developed than metaphors and yet they are
less abstract than concepts.
Religious models have additional functions without parallel in science, especially in expressing and
evoking distinctive attitudes. We have said that religion is a way of life with practical as well as
theoretical goals. The life-orienting and emotional power of religious models and their ability to
affect value commitments should not be ignored. Models are crucial in the personal transformation
and reorientation sought in most religious traditions. Some linguistic analysts and instrumentalists
hold that religious language has only these noncognitive functions. I argue, in reply, that such
noncognitive functions cannot stand alone because they presuppose cognitive beliefs. Religious
traditions do endorse particular attitudes and ways of life, but they also make claims about reality.19
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In science, models are always ancillary to theories. In religion, however, the models themselves are
as important as conceptual beliefs, partly because of their close association with the stories
prominent in religious life. Christian worship is based on those stories of creation, the covenant,
and especially the life of Christ. The individual participates in communal ritual and liturgy that
reenact and refer to portions of these stories. Narratives in dramatic form are more personally
involving and evocative than models, which are relatively static, though models are less abstract
than concepts. Moreover, biblical stories can often be correlated with our own life stories, which
are also narrative in form. Nevertheless, the movement from stories to models to concepts and
beliefs is a necessary part of the theological task of critical reflection.
3. Personal and Impersonal Models
The atomic and subatomic world cannot be directly observed, and its behavior suggests that it is
very unlike the world of everyday objects. We have seen that it cannot be represented by any single
model, but it can be partially understood through theories formulated with complementary models,
such as wave and particle. In religion, too, we are dealing with a reality that cannot be directly
observed and that is beyond our capacity to visualize. Here, too, we can admit our conceptual
limitations and accept the role of complementary models.
Ninian Smart has traced among world religions the two basic types of religious experience
described in the previous section: numinous encounter and mystical union. The first received its
classic description in Rudolf Otto’s Idea of the Holy. Its characteristics are a sense of awe and
reverence, mystery and wonder, holiness and sacredness. Typical examples are Isaiah’s vision in
the temple, the call of Paul or Muhammad, or the theophany of Krishna to Arjuna in the Bhagavad
Gita. Human responses to experiencing the numinous include worship, humility, and obedience.20
Smart shows that numinous experience is usually interpreted in personal models. Worshipers think
of God as distinct and separate from themselves. The overwhelming character of the experience
suggests an exalted view of the divine and an emphasis on transcendence, with a corresponding
human self-abasement and recognition of finitude or sinfulness. The sense of being grasped and
laid hold of unexpectedly seems to point to a divine initiative independent of human control. The
gulf between God and humanity may seem to be so great that it can be bridged only by revelation
from God’s side or by a divine savior. Winston King speaks of "the gap between worshiping man
and the worshiped Ultimate," and he describes its symbolization in the rituals of personalistic
theism, such as sacrifice, prayer, and devotional liturgy and practice.21
The second type of experience is mystical union, which does seem to have common features in
different cultures, despite their diversity. Among these, we have seen, are intensity, immediacy,
unitary consciousness, unexpectedness, joy, and serenity. The realization of unity can lead to
liberation from self-centeredness. All dichotomies (human/divine, subject/object, time/eternity)
seem to be overcome in identity with the One beyond time and space. Mysticism is expressed in
meditation, contemplation, and an inner quest for enlightenment, rather than in communal worship
or ritual.
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The mystic is cautious in the use of models and may say that the object of the experience cannot be
described. The via negativa asserts only what the divine is not. But the writings of mystics do make
extensive use of analogies and models. Sometimes union with the divine is said to be like the most
intense union of two lovers. In other cases, ultimate reality is thought of as a Self identical in
essence with the individual self, or a world Soul with which one’s own soul is merged. More often
mystical experience is interpreted with impersonal models. The self is absorbed in the pantheistic
All, the impersonal Absolute, or the divine Ground. The distinction between subject and object is
overcome in an all-embracing unity beyond all personal forms. The self loses its individuality "as a
raindrop loses its separate identity in the ocean."
Smart demonstrates that although Western traditions have been predominantly numinous and
Eastern traditions predominantly mystical, all the major world religions have included both types of
experience and both types of models.22 Judaism, Christianity, and Islam all have influential
mystical writings, along with more common patterns of worship of the holy as personal; in these
writings, the gap between God and humanity is narrowed, but it is never obliterated in total
identity. Early Buddhism followed more mystical meditative disciplines, but Mahayana Buddhism
includes the numinous strand in the worship of the Eternal Buddha and the Bodhisattvas (especially
in Amida Buddhism). In Hinduism, the bhakti path of devotion to personal deities has accompanied
the jnana path of meditation, unitive awareness, and an impersonal Absolute. Ramanuja developed
the more personal side of Hinduism, whereas Shankara developed the more impersonal side.
Modern followers of the jnana path say that their view should be called nondualism rather than
monism, since ultimate reality cannot be described in positive terms.
It seems to me appropriate, then, to speak of personal and impersonal religious models as
complementary. People who use personal models are often the first to insist that they are inadequate
and that God is not literally a person. Sometimes it is said that God is more than a person, and the
more is usually spelled out in predominantly impersonal terms (divine Ground, creative power, and
so forth). And those who rely mainly on impersonal models may speak of love and grace, or they
may hold that the impersonal Absolute is approached through devotion to its personal
manifestations. All models are partial and inadequate representations of what is beyond our
ordinary categories of thought. Religious models often are analogies of relationships rather than
attributes of the divine in isolation. Moreover, differing human temperaments may be more
congenial to some patterns of experience and some kinds of models than to others.
The relative priority of personal and impersonal models is not, of course, a minor matter. Only with
a personal God can there be decisive divine initiative. The ontological and epistemological distance
between the divine and the human is a correlate of ideas of historical revelation, grace, and
redemption. Western traditions have found more room for human individuality (which in extreme
forms becomes individualism) and social activism, whereas the oriental quest for inner peace has
more often led to quietism, though often accompanied by exemplary compassion and respect for all
forms of life.
Because models function within a total network of ideas and attitudes, I do not suggest that the
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Hindu Brahman and the Christian God, or other models from different religious traditions, be
considered complementary. But we could consider the use of personal and impersonal models
within one paradigm community as complementary, paralleling the use of wave and particle models
within quantum physics. Nevertheless, recognizing the diversity of models in our own tradition
might help us appreciate the models of other traditions, which would be an important contribution
in a religiously pluralistic world. Complementarity encourages us to view models neither as literal
pictures nor as useful fictions, but as partial symbolic representations of what cannot be directly
observed.
4. Christian Models
The writings of the theologian Sallie McFague provide a good example of the exploration of
models in Christian thought. In Metaphorical Theology she starts from Paul Ricoeur’s insights on
the importance of metaphor in religious language. A metaphor asserts similarity but it denies
identity. In a metaphor, one term "both is and is not" like its analogue. Recognition of the
limitations of religious language prevents idolatry of any one formulation, which is the temptation
of literalism.23
McFague then discusses models in science and religion, drawing extensively on my earlier writing
on this topic. She considers a model to be a systematic and relatively permanent metaphor. A model
is more emotionally rich and less abstract than a concept, but it is more precise than a metaphor.
Religious models arise from human experience, especially the experience of healing, renewal, and
reorientation of patterns of life. Models order our experience, and their implications are
systematically developed in doctrines. Whereas Ricoeur says that the purpose of theological
interpretation is to return us to experience, McFague gives more emphasis to conceptual clarity and
comprehensive ordering. Against naive realism on the one hand and instrumentalism on the other,
she defends critical realism in both science and religion. Models are tentative, partial, open-ended,
and paradigm-dependent. The dominant paradigm of a tradition sets limits on acceptable models.
McFague defends the use of a multiplicity of models within a paradigm community -- a greater
multiplicity than is typical of science. Such multiplicity guards against the temptations of idolatry,
absolutism, and literalism, which, appear when one model is dominant. Multiplicity is also
appropriate because in both science and religion we are modeling relationships, patterns, and
processes rather than separate entities or things-in-themselves. Religious models are analogies for
our experience of relating to God, which takes a variety of forms that are not mutually exclusive.
God can be related to us in both a fatherly and a motherly way -- and a rich diversity of other ways.
In her more recent book, Models of God, McFague discusses criteria for evaluating Christian
models. She mentions general criteria such as comprehensiveness, internal consistency, and
potential for dealing with anomalies. Another criterion is continuity with earlier expressions of the
Christian paradigm. Scripture is important as the earliest witness to the experience of the
transforming power of God and the earliest interpretations of the life and death of Christ as the
transformative event. Moral fruitfulness serves as an additional criterion, and she gives special
attention to relevance for the crises of "an ecological and nuclear age."24
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As she turns to specific models, McFague criticizes the monarchical model, which has been
dominant historically. God as King or Ruler is related to the world externally, not intrinsically.
Here God controls by domination, acting on the world rather than through it, which undermines
human responsibility. McFague’s first proposed alternative is to consider the world as God’s body.
This goes to the opposite extreme in stressing immanence rather than transcendence. However, she
does not indicate how this model is any more compatible with human freedom and responsibility
than the monarchical model. The model of the world as God’s body suggests that the language of
scientific laws and the language of divine intentions may be alternative ways of describing cosmic
history.
The second half of the book examines in detail three personal models: God as Mother, Lover, and
Friend. Each represents not the power of domination but the power of love in a particular form,
described classically as agape, eros, and philia, respectively. The three models express in turn
God’s activity as Creator, Savior, and Sustainer, and together they illuminate many of the themes of
traditional theology. Thus God as Mother (or as Father if understood parentally rather than
patriarchially) can draw on the experiences of the mystery of human birth and the nurturing of life.
The model suggests an ethic of care and of justice. A mother’s concern for present and future life
can be broadened to "universal parenthood," which includes care not only for the needs of present
and future human generations but for the life of other species.
Similarly, the model of God as Friend points to a reciprocal mutual bond and also to a common
vision that demands our action as coworkers. God suffers with us and works with us to extend the
inclusive, holistic, and nonhierarchical vision of the fulfillment of all beings. I find these models
very helpful in thinking about God’s relation to humanity and humanity’s relation to nature, but
they seem less helpful in thinking about God’s relation to nature. McFague indicates at several
points that she is sympathetic to process theology, but she does not explore the ways in which a
process metaphysics might facilitate the conceptual articulation of the relationships suggested by
the models. We will consider these and other specific Christian models in chapter 9.
III. The Role of Paradigms
In addition to parallels in the structures of scientific and religious inquiry, and in the role of
imaginative models, there are some interesting similarities in the role of paradigms in the two
fields. There are also, of course, some important differences that must be explored. We will look
successively at paradigms in science, in religion in general, and then in Christian thought.
1. Paradigms in Science
Thomas Kuhn defined paradigms as "standard examples of scientific work that embody a set of
conceptual and methodological assumptions. In the postscript to the second edition of his book he
distinguished several features that he had previously treated together: a research tradition, the key
historical examples through which the tradition is transmitted, and the metaphysical assumptions
implicit in the fundamental concepts of the tradition. The key examples, such as Newton’s work in
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mechanics, implicitly define for subsequent generations the type of explanations that should be
sought. They mold assumptions as to what kinds of entity there are in the world, what methods of
inquiry are suitable for studying them, and what counts as data. A paradigm provides an ongoing
research community with a framework for "normal science." Science education is an initiation into
the habits of thought presented in standards texts and into the practices of established scientists.
Kuhn describes a major paradigm shift as a scientific revolution. A growing list of anomalies and
ad hoc modifications within an existing paradigm produces a sense of crisis. Instead of simply
acquiring further data or modifying theories within the existing framework, some scientists look for
a new framework, which may involve a questioning of fundamental assumptions. Within the new
paradigm, new kinds of data are relevant and the old data are reinterpreted and seen in a new way.
The choice between the new and the old is not made by the normal criteria of research, Kuhn
maintains. Adherents of rival paradigms will try to persuade each other. "Though each may hope to
convert the other to his way of seeing his science and its problems, neither may hope to prove his
case."25 Kuhn analyzes several historical "revolutions" in some detail. For example, he describes
the radical change in concepts and assumptions that occurred when quantum physics and relativity
replaced classical physics. Three features of Kuhn’s account are of particular interest.26
1. All data are paradigm-dependent. We noted earlier that there is no observation-language
independent of theoretical assumptions. All data are theory-laden, and theories are paradigm-laden.
The features of the world considered most important within one paradigm may be incidental in
another. Kuhn claimed initially that paradigms are "incommensurable" (that is, they cannot be
directly compared with each other). However, his later writings acknowledged that usually a core
of observation statements exists on which the protagonists of rival paradigms can agree, a level of
description that they can share. These common data are not free of theoretical assumptions, but
some assumptions can be shared even by adherents of rival paradigms. If data were totally
paradigm-dependent, they would be irrelevant to the choice of paradigms, which has not been the
case historically.
2. Paradigms are resistant to falsification. Comprehensive theories, and the even broader
paradigms in which they are embedded, are very difficult to overthrow. Discordant data, as we have
seen, can usually be reconciled by modifying auxiliary assumptions or introducing special ad hoc
hypotheses, or they can be set aside as unexplained anomalies. Paradigms are not rejected because
there is contradictory evidence; they are replaced when there is a more promising alternative.
Research can proceed when the theories of a paradigm do not fit all the data, but systematic
research cannot proceed in the absence of a paradigm. Commitment to a research tradition and
tenacity in developing its potentialities and extending its scope are scientifically fruitful, But
observations do exert some control over a paradigm, and an accumulation of ad hoc hypotheses and
unexplained anomalies can undermine confidence in it. Without persistent concern for fidelity to
the data, science would be an arbitrary and subjective human construction.
3. There are no rules for paradigm choice. A paradigm change is a revolution, achieved more by
"persuasion" and "conversion" than by logical argument. Kuhn initially maintained that criteria for
choice are themselves paradigm-dependent. In response to his critics, he said that the decision to
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choose a certain paradigm is not arbitrary or irrational, since reasons can be given for the choice.
He acknowledged that there are values common to all scientists and shared criteria of simplicity,
coherence, and supporting evidence; but the way the criteria are applied and their relative weight
are matters of personal judgment, not rules to be followed. The decision is like that of a judge
weighing evidence in a difficult case, not like a computer performing a calculation. There is no
court of appeal higher than the judgment of the scientific community itself. The presence of shared
values and criteria allows communication and facilitates the eventual emergence of scientific
consensus.27 Kuhn thus qualified his more extreme claims.
In recent decades there has emerged what Harold Brown calls "the new philosophy of science."
Brown describes the move from empiricism to a more historical view of science as itself a
paradigm shift in the philosophy of science. He describes the contributions of Hanson, Toulmin,
Polanyi, and others, along with Kuhn, in the emergence of this new view that draws heavily on the
history of science. Brown gives this summary:
Our central theme has been that it is ongoing research, rather than established results, that
constitutes the lire blood of science. Science consists of a sequence or research projects,
structured by accepted presuppositions which determine what observations are to be made,
how they are to be interpreted, what phenomena are problematic, and how these problems
are to be dealt with.28
Brown gives examples of "normal science," in which work was conducted within an accepted
framework, and he describes several scientific revolutions that involved alternative presuppositions
and "fundamental changes in the way we think about reality." But he maintains that a revolution
shows continuity as well as discontinuity:
For the most part, old concepts are retained in altered form, and old observations are
retained with new meanings. The continuity provides the basis for rational debate between
alternative fundamental theories. . . . Thus the thesis that a scientific revolution requires a
restructuring experience akin to a gestalt shift is compatible with the continuity of science
and the rationality of scientific debate.29
Brown takes up the charge that the new view makes science appear subjective, irrational, and
historically relative. To be sure, science does not fulfill the empiricists’ definition of objectivity as
reliance on strict empirical verification or falsification, nor its definition of rationality as the
application of impersonal rules. But science does conform to more appropriate definitions of
objectivity and rationality. Objectivity should be identified with intersubjective testability and
informed judgment in the community of qualified scientists. It is rational to accept a paradigm if it
solves important problems and provides a guide to further research. Brown holds that "crucial
decisions as to how a conflict between theory and observation is to be resolved, or how a proposed
new theory is to be evaluated, are not made by the application of mechanical rules, but by reasoned
judgments on the part of scientists and through debate within the scientific community."30
We can summarize our conclusions about scientific paradigms in three sentences. The first half of
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each sentence represents a subjective and historically relative feature of science that was neglected
in the earlier empiricist accounts. The second half of each sentence represents a reformulation of
the objective, empirical, and rational features of science that prevent it from being arbitrary or
purely subjective:
1. All data are paradigm-dependent, but there are data on which adherents of rival paradigms can
agree.
2. Paradigms are resistant to falsification by data, but data does cumulatively affect the
acceptability of a paradigm.
3. There are no rules for paradigm choice, but there are shared criteria for judgment in evaluating
paradigms.
Compared to empiricist accounts, then, Kuhn gives a much larger role to historical and cultural
factors. He insists that a theory is judged within a network of theories and against a background of
assumptions, in terms of its success in solving problems in a particular historical context. Kuhn is a
contextualist, in contrast to the earlier formalists, but I do not think that this makes him a
subjectivist or an unqualified relativist, for in his view the data do provide empirical constraints,
and the presence of shared criteria does represent a defensible form of rationality.
2. Paradigms in Religion
As in the scientific case, a religious tradition transmits a broad set of metaphysical and
methodological assumptions that we can call a paradigm. As in science, traditions in religion are
passed on by particular communities, partly through respected historical texts and key examples.
Here, too, new members enter a tradition by being initiated into the assumptions and practices of
the community, and they normally work within its accepted framework of thought, which we can
call "normal religion," corresponding to "normal science."
As in science, normal criteria are difficult to apply to major historical "revolutions" or to the choice
between competing paradigms. Let us focus first on the relation of paradigm choice to religious
experience, returning later to the role of story and ritual and their transmission through scriptures.
Each of the three subjective and historically relative features of scientific paradigms listed above is
even more evident in the case of religion. Each of the corresponding objective, empirical, and
rational features of religion is more problematic. The questions raised are discussed in this chapter
and the following one.
1. Religious experience is paradigm-dependent. But are some experiences common to the adherents
of rival paradigms? Religious experience seems to be so strongly molded by the believer’s
interpretive framework that a skeptic might claim that the experience is entirely the product of prior
expectations. Religious experiences are not as publicly accessible as scientific data are, even
though both are theory-laden. Yet there are common features of experience within a religious
community which exert some control on the subjectivity of individual beliefs. And there do seem to
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be some characteristics of religious experience in diverse traditions that point beyond cultural
relativism, and that make communication between traditions possible.
2. Religious paradigms are highly resistant to falsification. But does cumulative experience
influence paradigm choice at all? Discordant data, we have said, does not lead directly to the
overthrow of a paradigm. Instead, ad hoc modifications are introduced, or the data are set aside as
an anomaly. Yet people may eventually modify or abandon their most fundamental religious beliefs
in the light of their experience, especially if they see a promising alternative interpretive
framework.
3. There are no rules for paradigm choice in religion. But are there shared criteria for evaluating
religious paradigms? Some criteria were proposed above for evaluating beliefs within a dominant
paradigm. Can these be applied to the choice between paradigms? Are the criteria themselves
totally paradigm-dependent? I will suggest that there are indeed criteria transcending paradigm
communities, though their application is a matter of individual judgment in more problematic ways
than in the case of science.
Is it appropriate to speak of paradigms in Eastern religious traditions? A few years ago a
conference was held in Hawaii entitled, "Paradigm Shifts in and Buddhism and Christianity." As
background reading for the conference, participants received copies of the sections of my earlier
book dealing with paradigms. In one of the plenary addresses, Frederick Streng maintained that my
analysis was applicable to Christianity but not to Buddhism. Religious traditions, he said, have
shared attitudes and conceptual structures, which are always closely tied to the experience of
personal transformation and reorientation. Religion is above all a "strategy for living," a "means of
ultimate transformation." Religious conversion is a change in awareness and in mode of living.
Discussion of paradigms, Streng said, makes us look at systems of belief and doctrine, which are
indeed important in Christianity. But Buddhism is more concerned about the transformation of
consciousness to a less ego-centered awareness, and it urges nonattachment to doctrinal expressions
and changing intellectual forms. It offers spiritual practices to achieve enlightened consciousness
and to release us from the attachments that cause our suffering.31
A possible response to Streng’s objections would be to give greater emphasis to the primacy of
religious experience in my proposed scheme and to downplay the role of concepts and beliefs. Yet
surely it is legitimate to hold that Buddhism includes a network of characteristic concepts and
beliefs, including the doctrine of "no-self," which imply ontological claims as well as existential
commitments. Moreover, major historic changes have taken place in Buddhist thought as well as
practice, such as the emergence of Mahayana from Theravada Buddhism, which other participants
in this conference described as paradigm shifts. Buddhism may urge nonattachment to doctrinal
forms, but it does not seem to have dismissed them entirely.
3. Paradigms in Christianity
A conference was held in Germany in 1983 on the topic "The New Paradigm for Theology." In one
of the preparatory essays, the theologian Hans Küng applied the concept of paradigm change to the
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2065 (22 of 34) [2/4/03 6:38:41 PM]

Religion in an Age of Science

history of Christian thought. His paper cites five major historical paradigms: Greek Alexandrian,
Latin Augustinian, Medieval Thomistic, Reformation, and Modern-Critical. Each paradigm
provided a framework for normal work and cumulative growth (comparable to "normal science"),
in which the scope of the paradigm was extended and major changes were resisted. As in the
scientific case, Küng shows, each new paradigm arose in a period of crisis and uncertainty -- for
example, the challenge of gnosticism in the Hellenistic world or the rise of science and biblical
criticism in the modern period. In each case, conversion to the new paradigm involved subjective
factors and personal decisions as well as rational argument. These paradigm shifts involved both
continuity and discontinuity.32
Küng brings out some illuminating similarities, but he also notes some distinctive features of
paradigm shifts in Christian thought. The centrality of the scriptural witness to Christ is without
parallel in science. "The biblical message, ‘ not scripture itself, is the enduring norm. Each new
paradigm arose from a fresh experience of the original message, as well as from institutional crises
and external challenges. The gospel thus contributed to both continuity and change. Moreover,
there is always a personal dimension to the decision of faith, along with the more intellectual task
of showing that a new paradigm is both responsive to the Christian message and relevant to the
present world of experience and contemporary knowledge. Küng says that we can acknowledge the
distinctive features of religion and yet find the comparison with scientific paradigms helpful in
understanding processes of change in the history of a religious tradition.
In another paper from this conference, Stephan Pfürtner shows that it is illuminating to consider
Luther’s idea of justification by faith as a new paradigm. It led to the reconstruction of prior beliefs
and the reinterpretation of previous data in a new framework of thought. Justification by faith
affected almost all other doctrines. Concerning the doctrine of God, for example, Aquinas had
combined revelation in Christ with Aristotelian philosophical categories to describe "God in
himself" as actus purus. Luther relied on revelation in Christ and the experience of justification in
speaking only of "God for us." By stressing the direct relation of each person to God, he also
allowed greater scope for individual conscience. While he did not himself advocate religious
liberty, he helped to set in motion historical forces leading in that direction justification was not a
new idea, but by giving it a central position Luther developed new interpretations of law and
gospel, church and state, and the priesthood of all believers. Pfürtner also shows how an
acknowledgment of both continuity and discontinuity in paradigm changes can contribute to the
Protestant-Catholic dialogue today.33
Many of the conference papers are devoted to the search for new paradigms today. Most of the
participants accept Kühn’s thesis that paradigms are influenced by historical, social, and cultural
factors, though some hold that the concept of paradigm is too vague to be useful. Many recognize
that theology is in a time of crisis that calls for significant change. Factors mentioned as responsible
for this crisis include secularization; religious pluralism; historical consciousness; the exploitation
of women, races, and developing nations; the ambiguity of science and technology; the destruction
of the environment; and the threat of nuclear war. Most participants insist that theology today
requires the interpretation of the gospel within concrete historical and social contexts. Küng
concludes that we should look for a plurality of Christian paradigms rather than expecting a
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consensus around any one.
This leads me to ask: How large a group is a paradigm community, and how does one determine its
boundaries? When should one consider a historical change to be an evolutionary modification
within a paradigm, and when should one consider it a revolutionary paradigm shift? Thomas
Kühn’s earlier writing reserved the term scientific revolution for the rare instances when a
sweeping change took place in a whole network of assumptions and concepts. Critics felt that he
had drawn too sharp a line between normal science and revolutionary science, leaving out changes
of intermediate scale. Kühn’s later writing referred to more modest "micro-revolutions" and said
that a paradigm community could be as small as twenty-five persons in a subdiscipline. But the
conceptual structure and assumptions of most subdisciplines are in large measure shared with other
adjacent subdisciplines. If a small group has a really distinctive paradigm it will usually die out, or
the ideas will be extended to other subdisciplines and perhaps to the discipline as a whole.
In religion, too, there are communities and sub-communities, and there are large and small
historical changes. I suggest that the concept of paradigm shift is most helpful in understanding
historical change if we use the term for relatively rare comprehensive conceptual changes. Clearly,
the emergence of early Christianity from Judaism represents such a paradigm shift, for despite the
continuities, people experienced far-reaching discontinuities in belief and practice. By the time of
Paul’s letters, it was evident that Christianity could not be a sect within Judaism or a movement to
reform Judaism, and individuals had to choose one paradigm community or the other, focusing on
either Christ or the Torah. The discontinuities in the Protestant Reformation were perhaps not as
radical, but major changes took place in doctrine and practice as well as in institutional
organization.
Would it be illuminating to consider all of Christianity as one paradigm and refer to "the Christian
paradigm"? One could then speak of a "paradigm shift" when an individual converted to another
religious tradition (or atheism) and joined another paradigm community. The parallels with science
would be stretched, for there seem to be few shared data or criteria common to diverse traditions, to
which appeal could be made in giving reasons for choice among them. Should we seek such shared
data and criteria in a global age, or can the assessment of beliefs be carried out only within a welldefined religious tradition? We will return to the problem of religious pluralism in the next chapter.
IV. Tentativeness and Commitment
In the popular stereotype, the scientist’s theories are tentative hypotheses that are continually
criticized and revised, while religious beliefs are unchanging dogmas that the faithful accept
without question. The scientist is seen as open-minded, the theologian as closed-minded. Is not
faith a matter of unconditional commitment? Are not Christian beliefs attributed to divine
revelation rather than human discovery? Have we perhaps lost sight of the distinctive features of
religious faith by tracing some limited parallels with science?
1. Tradition and Criticism
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Let us ask first how the scientific and religious communities each balance the importance of an
ongoing tradition against the value of criticism and change. When major historical changes take
place, does continuity or discontinuity predominate?
Whereas Popper identifies rationality and objectivity in science with adherence to explicit rules,
Kuhn and Polanyi maintain that the locus of authority is the scientific community itself. Decisions
rest on the informed judgment of the community. Shared values and criteria underlie such judgment,
but the application and weighting of the criteria are not governed by logic or rules. Kuhn claims
that authoritative tradition transmitted by the dominant paradigm provides the framework for
thought and action in "normal science." This is a historical and social view of the process of inquiry
in which the ongoing community is emphasized.34
As there is no private science, so also there is no private religion. In both cases, the initiate joins a
particular community and adopts its modes of thought and action. Even the contemplative mystic is
influenced by the tradition in which he or she has lived. Paradigms in religion, as in science, are
acquired by example and practice, not by following formal rules. Individual insights are tested
against the experience of others, as well as in one’s own life. Here, too, the historical and social
context affects all modes of thought and action.
Kuhn pictures normal science as conservative and controlled by tradition. Working within the
prevailing paradigm is an efficient way of solving the distinctive problems it raises. Exploring its
potentialities and extending its range provide a focus for research. Within that tradition, a person
benefits from the work of others, and there is cumulative progress. According to Kuhn, paradigm
shifts are relatively rare and occur only when an accumulation of anomalies has produced a real
crisis. One cannot speak of progress across the transitions; Kuhn describes paradigm changes in the
political metaphor of revolution, which emphasizes discontinuity and the overthrow of the
established order.
Kuhn’s critics reply that even in scientific revolutions the old data are preserved (though
reinterpreted) and the new concepts and theories can be related to the old (though displacing them).
Moreover, shared values and criteria of judgment persist across the change. Most scientists are
familiar with other scientific disciplines and subfields, which provide continuity when their own
area of specialization is in transition. A scientist has a higher loyalty to the wider scientific
community and its values, which goes beyond loyalty to a particular paradigm. The critics urge us
to view science as evolutionary and subject to continual reformation, rather than as bound by
tradition except during revolutions. Nevertheless, historical studies have tended to support the view
that theories are not evaluated separately but as part of networks of assumptions which sometimes
change together rather radically.35
Normal theology does indeed show the dominance of tradition. The theologian is concerned to
develop the potentialities of a particular paradigm. This provides focus and encourages
communication and cumulation. But the process can include considerable reinterpretation,
reformulation, and innovation. Scripture is unchanging, but ways of understanding and
appropriating it have changed greatly, especially since the rise of historical-critical methods.
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Theology, we have said, is critical reflection on the life and thought of the religious community,
and this implies the revisability of ideas. The Protestant Reformation was not a once-for-all
revolution, but rather a vision of a church that is semper reformanda, always reforming. Cardinal
Newman defended the development of ideas and the evolution of doctrine within the basic
continuity of the Catholic tradition 36
Theological revolutions, such as the Protestant Reformation, or the emergence of Mahayana from
Theravada Buddhism, do involve extensive and fundamental changes. Yet here, too, there are
impressive continuities amid the discontinuities. There is a common loyalty to the founding leader,
common scriptures, and a shared early history. In an ecumenical age, Catholic and Protestant
thinkers read each others’ writings and affect each other, as do Buddhists of diverse schools.
Feminist theologians criticize the gender biases of Christian thought and propose major
reconstruction of traditional doctrines, yet in most cases they affirm a large portion of a common
heritage. The theologian, however, does not seem to have a loyalty to an overarching and universal
religious community, with shared criteria and values comparable to those shared by all scientists. In
a global age, could such wider loyalties be encouraged, without undermining the distinctiveness of
each religious tradition?
2. Central and Peripheral Beliefs
Popper maintains that scientific theories are held with great tentativeness and that basic
assumptions should be continually questioned and criticized. Kuhn, by contrast, says that there is
normally great tenacity in commitment to a prevailing paradigm, which is questioned only in rare
times of crisis. Imre Lakatos proposes an intermediate position in which there is commitment to a
"hard core" of central ideas that are preserved by making adjustments in a "protective belt" of more
tentative auxiliary hypotheses. In place of competing individual theories (Popper) or successive
paradigms (Kuhn), Lakatos pictures research programs, which sometimes compete over a
protracted period of time. He does not accept the formal criteria for the acceptability of theories
proposed by Popper, but he offers more definite and rational criteria than Kuhn acknowledges.
Lakatos maintains that a research program is constituted by a hard core of ideas that is deliberately
exempted from falsification so that its positive potentialities can be systematically developed and
explored. Anomalies are accommodated by changes in the auxiliary hypotheses, which can be
sacrificed if necessary. This strategy calls for commitment in sticking with central ideas, without
being distracted from them, as long as the program is "progressive" in predicting "novel facts"
(which may refer to new phenomena or to already known facts that had previously been considered
irrelevant). A program should be abandoned when it is stalled and not growing for a considerable
period and when there is a promising alternative. The old program is not falsified but rather is
displaced as a research strategy. However, a degenerating program can stage a comeback if it is
reinvigorated by an imaginative new auxiliary hypothesis, as Lakatos shows in several examples.
He believes his scheme describes the best scientific practice and prescribes how scientific
programs should be evaluated, namely by comparing their progress as strategies for research over a
period of time.37
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We can apply Lakatos’s analysis to religious communities, which also make a central core of ideas
immune to falsification and protect them by adjusting peripheral beliefs. Commitment to a core
program allows it to be systematically explored without continual distraction. Rival programs may
compete over long periods. The component beliefs are not verified or falsified separately in
isolation; they are parts of an ongoing program that can be compared to other programs. Here
progress is presumably not judged by the power to predict totally new phenomena, but by the
ability to account for known data not previously considered. When anomalies arise -- from
historical events, from new experience, or perhaps from new discoveries in science -- adjustment
would be made in auxiliary hypotheses before core beliefs were abandoned.38
Ancient Israel held a central belief in the existence of a God of power and justice. An important but
less central assumption was that God punishes wrongdoers. I suggest that we could see efforts to
deal with the anomaly of undeserved suffering as attempts to preserve the central core by
modifying auxiliary hypotheses. In the book of Job, the protagonist is told by his friends that he
must have sinned in secret to deserve such suffering. But Job maintains both his innocence and the
existence of God, at the cost of the hypothesis that all suffering is deserved.
Israel faced the same anomaly on a national scale in its long exile in Babylon. Some people saw the
exile as God’s punishment for Israel’s failure to observe the Torah rigorously, and they counseled
stricter observance. Others developed new ways of understanding God’s action in history, which
allowed for undeserved suffering (including the vicarious suffering or suffering servant motif in
Isaiah 53 and elsewhere). But even the latter "auxiliary hypothesis" is put in question by the
magnitude of evil and suffering in the Nazi holocaust. For some people this historical event
required reformulation of concepts of God’s power. For a few it led to abandoning theism itself.
The holocaust is an anomaly that is only partly resolved within the traditional beliefs of both the
Jewish and Christian communities.
Nancey Murphy proposes using Lakatos’s methodology in Christian theology. The primary data
would be the practices of the Christian community, including its devotional experience and its use
of scripture. The idea of a plurality of competing theological research programs can both
illuminate past history and offer a possible pattern for current theological inquiry. As one example,
Murphy traces three forms of the doctrine of atonement, in which Christ’s death is understood as a
victory over the forces of evil or as a satisfaction of God’s justice or as a demonstration of God’s
love. The first program was largely replaced by the other two historically, but it could be revived
today with a new auxiliary hypothesis in which the forces of evil are reinterpreted in social and
political terms. Murphy gives other examples in Catholic modernism, Swedish "motif-research,"
and Puritan and Anabaptist efforts to establish criteria for judging the authenticity of religious
experience.39
How broad a set of ideas should be thought of as a theological program? An interpretation of a
single doctrine, such as one view of the atonement, is perhaps too limited to consider as a "core
belief" to which enduring commitment is given. Perhaps a school of Christian thought, such as neoorthodoxy, Thomism, or process theology, can fruitfully be portrayed as a program. Alternatively,
in the context of religious pluralism, one might think of Christianity as a program whose core is
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belief in a personal God and the centrality of Jesus Christ -- with all other beliefs as auxiliary
hypotheses that can be modified to maintain that core. Gary Gutting goes even further in proposing
that belief in the existence of a personal God constitutes the Lakatos core to which decisive assent
should be given, but this seems to me too broad to define an identifiable religious community. 40
I will suggest in chapter 9 that process theology can be viewed as a theological program in which
the "hard core" of the Christian tradition is taken to be belief in God as creative love, revealed in
Christ, while divine omnipotence is treated as an "auxiliary hypothesis" that can be modified to
allow for the data of human freedom, evil and suffering, and evolutionary history.
We must keep in mind, however, that a program of the type Lakatos proposes can apply to certain
theological tasks but not to others. Phillip Clayton has considered Lakatos in relation to four tasks
of theology. (1) Historical Criticism. Here the theologian uses the historical disciplines to ask what
actually happened in the events narrated in the stories of the tradition. (2) Philosophical Reflection.
Here the criteria, according to Clayton, are conceptual coherence, comprehensiveness, and
adequacy to the data of human experience, including moral and mystical experience. (3)
Interpretation of Texts. Clayton holds that this occurs in "programs of interpretation," which are
more like the work of the literary critic than that of the scientist. There are no predictions or
falsifications, and judgments are based on aesthetic criteria, personal meaningfulness, and the
reader’s response. (4) Programs for Living. Religious traditions offer guidance for living, with
ethical and affective as well as cognitive dimensions, and their adequacy in these areas must be
elucidated. Clayton concludes that Lakatos’s methodology might be extended to the first two tasks,
though it is difficult to identify programs that would fulfill the criteria for "progressiveness." But he
suggests that the method is inapplicable to the last two tasks.41
Lakatos’s programs, then, are very similar to Kuhn’s paradigms, but they offer two advantages as
ways of analyzing both science and religion. First, they allow one to distinguish between the central
core to which a group is committed and the peripheral beliefs that are more readily modified or
abandoned -- though Lakatos recognizes that the distinction is not absolute and can change
historically. Second, rival programs can coexist during protracted periods, allowing for greater
pluralism. We are to look at the fruitfulness of a program in a community over a period of time,
rather than evaluating a fixed set of ideas at any moment in abstraction from the ongoing life of the
community.
3. Revelation, Faith, and Reason
Even if peripheral beliefs are tentative and revisable, are not the core beliefs of a religious
community held with absolute and unconditional commitment? Job may have given up the idea that
suffering is always deserved, but his basic faith in God was unshaken. No evidence could count
against it: "Though he slay me, yet will I trust in him" Job 13:15 KJV). St. Paul was confident that
"neither death nor life nor anything else in all creation will be able to separate us from the love of
God which is in Christ Jesus our Lord" (Rom. 8:39). In chapter 1 we noted the existentialist thesis
that faith is a matter of passionate personal commitment and decision, far removed from the
dispassionate weighing of hypotheses. We also referred to the neo-orthodox theme that faith’s
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confidence rests on revelation, which was the result of divine initiative rather than of human
discovery. Can our account do justice to the importance of faith and revelation in the Christian
tradition?
Basil Mitchell contrasts the tentative hypotheses of science with unconditional commitment in
religion. But he goes on to qualify the contrast from both sides. He describes the tenacity of a
scientist’s commitment to a Kuhnian paradigm. He also insists that ultimate religious commitment
is to God and not to Christianity or any other system of belief. And here the cumulative weight of
evidence is decisive. All religious ideas are open to revision, according to Mitchell. There must be
grounds for accepting a claim of divine revelation in history, even if revelation shows us
possibilities that we could not have anticipated. Mitchell says that knowledge of God in religious
experience is also not self-authenticating, for there is no uninterpreted experience, and any
particular interpretation involves claims that must be judged more plausible than the alternatives.
There is thus a continuing dialectic between commitment and reflection, or between faith and
reason.42
In the biblical view, faith is personal trust, confidence, and loyalty. Like faith in a friend or faith in
a doctor, it is not "blind faith," for it is closely tied to experience. But it does entail risk and
vulnerability in the absence of logical proof. If faith were the acceptance of revealed propositions it
would be incompatible with doubt. But if faith means trust and loyalty, it is compatible with
considerable doubt about particular beliefs. Doubt frees us from illusions of having captured God in
a creed. It calls into question every religious symbol. Self-criticism is called for if we acknowledge
that no church, book, or creed is infallible and no formulation is irrevocable. The claim to finality
by any historical institution or theological system must be questioned if we are to avoid
absolutizing the relative.
James Fowler has identified a series of stages of faith on the basis of extensive interviews with
hundreds of people of all ages. Paralleling the work of Jean Piaget on cognitive development, Erik
Erikson on stages of life, and Lawrence Kohlberg on moral development, Fowler describes six
stages of faith: (1) An Intuitive-Projective stage takes place in early childhood, characterized by
imagination and dependence on parents. (2) A Mythic-Literal stage follows in later childhood,
during which myths are interpreted literally and other adults are significant. (3) In the SyntheticConventional stage of adolescence, beliefs are formulated in conformity to peers. Some individuals
remain at this stage, dependent on external authority. (4) In the Individuative-Reflective stage,
persons question, doubt, and assume responsibility for their own commitments. The locus of
authority is internal, and they have a stronger sense of individual identity. (5) In the Conjunctive
stage of mature faith, persons integrate tradition and doubt, recognizing the symbolic character of
religious language. They show respect for other traditions along with commitment to their own
tradition. (6) In the Universalizing stage, reached only by rare individuals, persons exhibit a greater
inclusiveness and a more radical living out of convictions. Here there is a greater depth of religious
experience, a vision of a transformed world, and a love that reaches out to others.43
Fowler’s ordering of stages of faith is in part empirical. He finds, for example, that in these life
histories there is a direction of development, and that the stages rarely occur in the reverse order.
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But the ordering also reflects value judgments as to which are "higher" or more "mature." I agree
with Fowler’s theological assumptions concerning the nature of revelation and religious authority,
but I do not think these assumptions can be derived from his data. The fourth stage (IndividuativeReflective), and the fifth (Conjunctive) are clearly more consistent with the goals I have been
presenting than is the conventional third stage. The Universalizing sixth stage represents an ideal
for us to seek, even if few people attain it.
Religious faith does demand a more total personal involvement than occurs in science, as the
existentialists maintain. Religious questions are of ultimate concern, since the meaning of one’s
existence is at stake. Religion asks about the final objects of a person’s devotion and loyalty. Too
detached an attitude may cut a person off from the very kinds of experience that are religiously
most significant. But such religious commitment can be combined with critical reflection.
Commitment without inquiry tends toward fanaticism or narrow dogmatism. Reflection alone
without commitment tends to become trivial speculation unrelated to real life. Perhaps personal
involvement must alternate with reflection, since worship and critical inquiry do not occur
simultaneously.
Divine revelation and human response are always inextricably interwoven. Revelation is
incomplete until it has been received by individuals, and individuals always live within interpretive
communities. The God-given encounter was experienced, interpreted, and reported by fallible
human beings. In the history of Israel, crucial events were revelatory only when interpreted in the
light of the prophet’s experience of God. God acts in the lives of individuals and communities,
especially in the life of Christ, we have said, but the records of these events reflect particular
personal and cultural perspectives. There is no uninterpreted revelation.
Moreover, revelation is recognized by its ability to illuminate present experience. Revelation helps
us to understand our lives as individuals and as a community today.44 Special events in the past
enable us to see what is present at other times but may have been ignored. The cross reveals God’s
universal love, everywhere expressed but not everywhere acknowledged. The power of
reconciliation in Christ’s life is the power of reconciliation in all life.45 Revelation leads to a new
relation to God in the present; thus it is inseparable from reorientation and reconciliation. It is not a
system of divine propositions completed in the past but an invitation to new experience of God
today. So revelation and experience, like faith and reason, are not mutually exclusive.
To sum up, there are many parallels between science and religion: the interaction of data and
theory (or experience and interpretation); the historical character of the interpretive community; the
use of models; and the influence of paradigms or programs. In both fields there are no proofs, but
there can be good reasons for the judgments rendered by the paradigm community. There are also
important differences between science and religion, but some of them turn out to be differences in
emphasis or degree rather than the absolute contrasts sometimes imagined. We have traced a
number of polarities in which the first term was more prominent in science and the second in
religion, but both were found to be present in both fields: objectivity and subjectivity; rationality
and personal judgment; universality and historical conditioning; criticism and tradition; and
tentativeness and commitment. But some features of religion seem to be without parallel in
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science: the role of story and ritual; the noncognitive functions of religious models in evoking
attitudes and encouraging personal transformation; the type of personal involvement characteristic
of religious faith; and the idea of revelation in historical events. Some additional comparisons are
explored in the next chapter before we draw overall conclusions.
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Chapter 3: Similarities and Differences
The general structure of science has been described in terms of data,
theory, models, and paradigms (or programs). A number of parallels in
religion were proposed. We can now pursue some additional
comparisons. There are indeed striking similarities, but also significant
differences, and both need discussion if we are to represent these two
areas of human life fairly. We must ask first about the character of
historical inquiry, since nature itself is historical, as are the scientific
and religious communities. Another question that has received extensive
discussion in both science and religion is whether objectivity is possible
if it is recognized that all knowledge is historically and culturally
conditioned. A final question is whether we have to accept relativism if
we abandon absolute claims. How might we respond to the challenge of
religious pluralism today?

I. History in Science and Religion
A brief examination of the nature of historical inquiry can contribute to
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the comparison of the methods of science and religion. History is
usually grouped in the curriculum with the humanities rather than with
the social sciences because it deals with the unrepeatable ideas and
actions of human agents. But there is today a new recognition of the
importance of history in science. Nature is understood in historical and
evolutionary terms, and science itself is acknowledged to be a historical
and culturally conditioned enterprise. In addition, religious stories are
related to particular events in history, and so we need to look at the
relationships between story and history in religious thought.
1. Historical Explanation
How might one compare historical explanation with scientific
explanation? Five distinctive features of historical explanation have
been proposed.
1. The Interpretive Viewpoint
The interests and commitments of historians influence the way they
select from among the myriad details those that might be relevant to a
historical account. Changing cultural presuppositions also affect
perceptions of what is significant in the social world. The historian Carl
Becker writes, "The history of any event is never precisely the same to
two different persons, and it is well known that every generation writes
the same history in a new way, and puts upon it a new construction."1 A
historical narrative has a coherence of meaningful patterns and unifying
themes that are partly a product of the narrator’s vision. Meaning
always depends on contexts; historical writing exhibits a dialectic
between individual events and larger wholes. The American Civil War,
for example, can be seen variously as part of the history of slavery or of
federal union, states’ rights, regional economies, ethical concerns, or
democratic ideals.
But despite the presence of interpretation, the historian cannot ignore
the demands of objectivity understood as intersubjective testability.
Scholarly integrity requires open-mindedness, self-criticism, and fidelity
to evidence. The interaction among historians provides some correction
for personal limitations and individual biases. There are common
standards, which go beyond private judgment. Historians are held
responsible by their colleagues to justify their inferences and
conclusions by the citation of historical evidence. We can acknowledge
such constraints while recognizing that the standards and
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methodological assumptions of historians, like those of every
community of inquiry, reflect intellectual assumptions that vary among
cultures and historical periods.
In historical inquiry, subjectivity and cultural relativism are more
evident than in scientific inquiry, but I submit that this is a difference of
degree rather than an absolute distinction. The data of science are theoryladen, while the events of history are interpretation-laden. Objective
controls are less prominent and variations in individual and cultural
interpretation are more evident as we move across the disciplinary
spectrum from the natural sciences, through the social sciences and
history, to religion. Such a continuum reveals significant differences,
but no sharp lines can be drawn.
2. The Intentions of Agents
It has sometimes been said that to explain a human action means to
account for it in terms of the ideas and choices of the actors. To answer
the question "Why did Brutus kill Caesar?" one must study Brutus’s
experiences, dispositions, loyalties, and motives. The philosopher
William Dray writes, "There is a sense of ‘explain’ in which an action is
only explained when it is seen in a context of rational deliberation, when
it is seen from the point of view of an agent."2 R. G. Collingwood
maintains that only by imaginative identification with persons in the
past can the historian enter into the meanings and intentions that
governed their actions. Only by sympathetic reenactment of past lives
can we reconstruct them. Such empathy is possible because we are
human beings ourselves; introspection and self-knowledge provides the
basis of our understanding of other persons.3 The linguistic analysts,
however, remind us that thought and language always occur in a social
context. Individual actions must be understood in relation to the rules
and expectations of the society in which they occurred, not in relation to
our rules and expectations.4
If historical explanation were limited to accounts of the intentions of
agents, it would exclude any history of nature. Some historians have in
fact portrayed a strong contrast between history and science based on
precisely this distinction. But the writings of historians include many
pages with little or no reference to human intentions. They may portray
social and economic forces of which the participants were unaware.
Even in the lives of individuals, decisions may have been swayed by
unconscious motives more than by rational ideas. If we recognize that
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diverse factors are at work in human history, we can speak also of the
history of nature. We can see similarities as well as differences in
comparing human history and natural history.
3. Particularity and Lawfulness
Typical explanations in science consist in showing that a given state of a
system can be deduced from knowledge of a previous state, plus a set of
general laws. Hempel insists that an event in history is explained only
when it is similarly subsumed under a covering law: "General laws have
quite analogous functions in history and in the natural sciences. In view
of the structural equality of explanation and prediction, it may be said
that an explanation is not complete unless it might as well have
functioned as a prediction."5 Hempel claims that most historical
accounts are "explanation sketches"; they could be made into genuine
explanations only by adhering to the covering-law form. Scientific and
historical explanation, he says, do not differ in principle, because only
one kind of procedure is explanatory.
Dray and others have replied that historical inquiry inescapably involves
singular statements about particulars. Every historical event is unique.
Historians do not explain the Reformation by showing it to be a case of
reformations-in-general. Generalizations about revolutions throw little
light on the American, French, or Russian revolutions; it is precisely the
peculiarities of the Russian Revolution -- the role of Lenin, let us say -that are of interest. Even when historians do propose general
hypotheses, says Dray, they are reluctant to detach them from the
particulars in which they are embodied; the meaning is conveyed by the
pattern of details, not extracted and presented independently. If
historians are challenged, they do not invoke laws but fill in additional
details in their narrative accounts. Historical explanation is a
configurational understanding of the relation of parts in larger wholes.
The historian tries to establish an intelligible context for an event rather
than trying to deduce it from laws.6
It seems to me that both sides of this debate have overstated their cases.
Every event is unique in some respects. No occurrence, even in the
physics laboratory, is ever exactly duplicated in all its inexhaustible
detail. But this does not exclude the presence of regular and repeatable
features. On the other hand, no event is absolutely unique, even in
history. The use of language presupposes common characteristics, such
as those reflected in the words revolution, nation, and the like. The
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individuality of the exact pattern of weeds in the botanist’s garden is
trivial, but the individuality of a great historical figure is interesting and
important to us. Uniqueness, then, is relative to the purposes of inquiry,
not a property of some events but not of other events.
Moreover, historians do use lawlike generalizations of limited temporal
and geographical scope, even if they do not use universal laws. They
explain particular actions in terms of the conventions and principles by
which people at the time would have understood and justified their
actions, and this requires generalizations about the culture and period in
question (for example, the structures of feudalism in medieval France).
In tracing connections between events, historians also draw on implicit
generalizations about human motives for action. They are guided by
parallels with patterns in other historical situations and by commonsense observations about human behavior. They may even use theories
from sociology, psychology, or economics. While they are indeed
interested in understanding particular events, they can do so only by
pointing to relationships with which they are familiar in other similar
situations.7
4. The Unpredictability of History
The limitations of the covering-law model are further underscored by
the unpredictability of history. One source of unpredictability in practice
is the occurrence of factors entering from outside a previously assumed
framework of analysis: the microbe that brought Alexander the Great to
an untimely death; the birth of a girl instead of a boy to Henry VIII; the
storm that contributed to Cornwallis’s defeat at Yorktown; the stray
bullet that killed Stonewall Jackson. Another source of unpredictability
is human freedom and creativity. The Gettysburg address, Beethoven’s
Ninth Symphony and Newton’s Principia were products of the
creativity of particular individuals at particular times and could not
conceivably have been predicted in advance. Even when historians refer
to the causes of an event, they do not give a set of sufficient conditions
from which it could have been predicted but only a few of the
contributing factors singled out in the light of the historian’s
assumptions and interests.
Narratives of unpredictable events do indeed appear characteristic of
human history, but they also appear in the history of nature. We will see
in part 2 that there are irreducible unpredictabilities in quantum physics,
thermodynamics, and genetic mutation and recombination.
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2067 (5 of 39) [2/4/03 6:39:20 PM]

Religion in an Age of Science

Unrepeatable events, which happened only once, are studied in
cosmology, geology, and evolutionary biology. Why does the Indian
rhinoceros have one horn and the African rhinoceros two? No one
claims that such details of evolutionary history could possibly have been
predicted. The laws of mechanics permit the prediction of the state of a
system at one time from knowledge of its state at an earlier time,
without any investigation of its intervening history. But DNA has a kind
of historical memory representing the accumulation of information from
many unpredictable events over a long span of time. Even a simple cell
has the accumulated experience of a billion years of history encoded in
its genes. We have biological theories to help explain regular patterns in
these events, but the history of nature can be told only in narrative
form.8
5. Diverse Types of Explanation
The previous points can be drawn together by suggesting that there is a
variety of types of explanation within each of the disciplines. Historical
inquiry and scientific inquiry are not mutually exclusive processes.
Gordon Graham shows that there is both theoretical and historical
explanation within science. In the former one appeals to general theories
and laws, while in the latter one gives narratives of particulars.9 In
dealing with human history, on the other hand, we can recognize many
different kinds of connections between events. Sometimes historians
refer to the intentions of agents, but at other times they invoke lawlike
generalizations of limited scope or refer to economic and social forces
or to theories derived from the social sciences. In the chapters that
follow, then, we will give considerable attention to the history of nature,
without denying the distinctive features of human history.
Stephen Toulmin says that a phenomenon is explained by placing it
within a context that makes sense of the phenomenon. In the natural
sciences, events are typically placed within the context of a law; a law is
explained by situating it within a theory; and a theory is viewed within
an "ideal of natural order." A historical event, he says, is explained by
placing it within a series of events. A passage in a text is explained by
considering its relation to the text as a whole. The various kinds of
explanation and understanding thus each have a characteristic form of
rationality.10
Phillip Clayton holds that an explanation makes some area of
experience comprehensible, either in terms of its components and
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details or by placing it in a broader context within which its meaning
and significance become clear. Thus different types of rationality
operate in the natural sciences, the social sciences, and theology, but
they are all rational because each discipline has criteria of judgment
accepted by everyone in the discipline. Standards of intersubjective
criticism make possible the discussion and revision of claims. Clayton
contends that in theology the criterion of internal coherence is more
relevant than the criterion of empirical fit. He accepts Lakatos’s
argument that it is not isolated hypotheses that are evaluated but
ongoing programs within historical contexts.11
We should note, finally, that these views allow us to do justice to the
historical character of science. Instead of understanding science as a
strictly logical enterprise, we have maintained that it is historically and
culturally conditioned. The philosophy of science should be based on
the history of science, not on idealized rational reconstructions. We
have seen that Kuhn’s paradigm shifts must be considered historically
and Lakatos’s programs can be evaluated only by their fruitfulness over
a period of time. Toulmin applies evolutionary concepts to science
itself. Scientific theories evolve; new ideas are like mutations which
survive if they are selected by the scientific community. While there are
limitations to this analogy, which I will point out later, it is a vivid
representation of the historicity of science.
2. Story and History in Christianity
In the previous chapter we saw that stories are central in the life of
religious communities. Recent exponents of narrative theology claim
that biblical stories should be distinguished from both historical
accounts and theological propositions. They insist that Christian
convictions are communicated only by the biblical narrative itself. Let
us consider the relation of story to history here.
One source of narrative theology is the writing of the literary critics,
who insist that the meaning of a poem or story is carried by the text and
cannot be extracted from it. Stories involve the interaction of characters
and events. Often a plot moves over time through conflict toward
resolution. Paul Ricoeur holds that it is the plot that makes a story an
intelligible whole rather than a series of scattered events.
Configurational patterns emerge among the events, even if surprises and
contingencies rule out the possibility of predicting the Outcome. Here
again we see a dialectic between the meaning of the part and the
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2067 (7 of 39) [2/4/03 6:39:20 PM]

Religion in an Age of Science

meaning of the whole; every event in a story must be viewed
contextually.12
Beyond these general characteristics of stories, theologians have
outlined three features of biblical stories.13
1. Canonical Story. The Bible contains many shorter narratives within
an overarching story. Crucial turning points occur, especially in the
Exodus and Easter events. David Tracy says that the story form is
indispensable and carries a distinctive disclosive and transformative
power.14 Hans Frei asserts that biblical narratives introduce God as a
character in a set of stories. The character’s identity cannot be extracted
from the story or expressed exhaustively in theological concepts. The
gospel message, he says, cannot be separated from the biblical story,
which is central in preaching and ritual.15 Other authors have pointed to
Christ’s use of parables -- short stories that often present an unexpected
reversal of values and a challenge to the hearer’s response and
decision.16
2. Community Story. Stories create communities, and communities
create stories, in an ongoing interaction. Religious communities transmit
stories and traditions of interpretation and add new stories about their
own struggles and experiences. The internal stories of a community
carry the interpretive categories it uses to understand its present life.17
Stories are vehicles of self-understanding, but they also provide an
impetus for action, for they affect emotions and motives more
powerfully than conceptual propositions. Stories are vindicated by
patterns of living, not by philosophical arguments. As the linguistic
analysts have pointed out, the functions of stories in religious
communities are very different from the functions of historical accounts
among academic historians.
3. Personal Story The story of our lives is always related to the larger
stories within which we see ourselves. Moreover, the stories of other
persons lives disclose new possibilities for our own lives. In most of the
stories of our culture, men have had the dominant roles, and women are
now asserting that women must tell their own stories. James McClendon
in Biography as Theology shows how our lives are challenged by the
story of other lives, which were in turn inspired by scriptural stories.
Martin Luther King, for example, understood himself in the light of the
Exodus and the crucifixion, and these motifs of liberation and self-
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sacrifice come to us in turn through the story of King’s life, not through
theological propositions.18 Stanley Hauerwas insists that stories change
our attitudes and actions. Christian ethics do not consist of applying
principles in discrete moments of decision but in our ongoing patterns of
response shaped by stories. Character and vision are embodied in stories
rather than in concepts or principles.19
I agree with these authors concerning the importance of biblical stories,
but I believe that we also have to face the question of the veracity of
historical claims. If no Exodus took place, and if Christ did not go
willingly to his death, the power of the stories would be undermined.
Moreover, the interpretation of particular biblical texts is not always
obvious; there has been a continual process of interpretation and
reinterpretation. Since the eighteenth century it has been widely
recognized that the work of the theologian must take historical criticism
into account. The existentialists have minimized the importance of
historicity and have said that faith is individual decision and obedience
in the present moment. But this neglects both the role of the community
and the conviction that faith is a response to what God has done in the
past.
The biblical stories of creation, covenant, and Christ differ greatly in
their historicity. In chapter 5, I will argue that the stories of creation and
fall should not be viewed as narratives of historical events. The Genesis
story, I suggest, is a symbolic assertion of God’s relation to the world
and of the ambivalence of human existence. Moses, however, was a
historical figure, and the covenant at Sinai was based on historical
events. But the story as we have it in Exodus was recorded many
centuries later and reflects the experience of Israel during that interval.
Most scholars hold, for example, that the Ten Commandments may go
back to Moses’ day, but the long lists of detailed instructions for the
rituals of the Jerusalem temple were of later origin.
Jesus of Nazareth was a historical person, and we have more historical
information about him than we do about Moses. But in calling him
Christ and in testifying to his redemptive role we are making statements
of faith that are not historically provable, though they are related to
historical evidence. The Gospels were written at least a generation after
his death, and they reflect the experience and theological interpretations
of the early Christian community. The theologian’s task goes beyond
that of the historian, but the theologian cannot ignore historical research
concerning the Bible and the events it narrates.
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In addition to asking about the veracity of historical claims, the
theologian must examine the validity of ontological claims implicit in
the biblical story. The God of the Bible is also understood to be the God
of nature and history and the Lord of our lives. If the Bible is the story
of what God has done, we must ask how today in an age of science we
may conceive of God’s action. This task requires the articulation of
systematic theological concepts. The stories are the starting point of
philosophical and theological reflection. The theologian must consider
the coherence and validity of beliefs as well as the pragmatic effects and
transformative power of the stories. Moreover, if we take stories alone,
we end with total relativism. If each person or community lives in a
particular story and there is no common story, there can be no
communication. The use of stories alone hinders the search for common
elements in the religious experience of diverse cultures.
Van Harvey suggests that we can never escape from the historically
conditioned categories of a community of interpretation but we can
partially transcend this limitation by imaginatively sharing in the
outlook of other communities.20 Michael Goldberg holds that there can
be rational discourse across story lines, exposing us to "the various ways
the world might reasonably be envisaged, sensitizing us to the richness
and complexity of the diverse possibilities for our lives."21 Starting
from story and moving to history, philosophy, and theology, we do not
escape the problems of cultural relativism, but we can enter forms of
dialogue that are not possible if we stay within a story.

II. Objectivity and Relativism
We have seen that paradigms and theories influence scientific data.
Paradigms and beliefs even more decisively shape the interpretation of
religious experience and religious stories. Similar assertions have been
made in more extreme form in recent writings on the social construction
of science. Third World critics have maintained that economic and
political interests affect the results of both scientific research and
theological reflection. Feminist authors have shown that gender biases
are prevalent in both fields. These diverse movements all criticize
claims of objectivity and assert the cultural relativity of theories and
beliefs. Are these more radical criticisms valid?
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1. The Social Construction of Science
Popper upholds the traditional view of science as an autonomous
rational enterprise following its own internal logic in testing hypotheses
against reliable observations. Many scientists accept this view, both as
an ideal to be sought and as a description of typical scientific practice.
Kuhn does try to trace some external influences (including the
metaphysical assumptions of the wider culture), but he deals for the
most part with ideas within the scientific community. In the 1970s and
1980s, more radical challenges have arisen from several quarters. Not
only are data theory-laden and theories paradigm-laden, but it now
appears that paradigms are culture-laden and value-laden. Here Kuhn’s
contextualism, relativism, and historicism are carried much farther.
One source of the new "externalist" accounts has been the social history
of science, including studies of science as an institution in a cultural
context. Another has been writings in the sociology of knowledge,
especially those by Habermas and others in the Frankfurt school, who
argue that ideological biases, intellectual assumptions, and political
forces are at work in all inquiry. A related source is the Marxist thesis
that economic and class interests lie at the root of all human social
activity, including science. Science as a social reality is a source of
power; power over nature becomes power over people. You might think
that if you want to know how science works, you should ask scientists.
Not at all, say the critics, for scientists will give you an idealized and
selective reconstruction, a rationalization that justifies their interests in
the guise of objectivity and autonomy. The myth of the neutrality of
science allows it to be used to achieve the goals of those who hold
power in society.22
Most scientists will grant that technology and applied science are
controlled by government and industry, but they will argue that basic
research ("pure science") maintains its independence. But the critics
point out that this distinction is increasingly dubious. The time between
a scientific discovery and an industrial application is often very short, as
in the case of solid state physics or molecular biology, and so industry
has a stake in basic research. Many fields of "big science" are capitalintensive, requiring expensive equipment and teams of scientists. The
"industrialization of science" erodes its autonomy. Subsidy of basic
science by government and by the military-industrial complex also
extends far into the academic world.23
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Many scientists will go a step further and grant that the selection of
research problems and the direction and rate of advance in different
areas of science are determined by political and economic forces. The
setting of priorities and the allocation of limited funds are carried out by
government and industry in accordance with social and institutional
goals. Some kinds of problems are ignored, and others are given high
priority. But even if the direction of scientific advance is socially
managed, are not the actual discoveries of sciences objectively
determined by nature?
Not so, say the authors in the social construction of science movement,
especially the more extreme versions of the "strong program." The
design of research is not given to us by nature. The kinds of question we
ask, the type of explanation we seek, and even the criteria of rationality
we use are all socially formed. Models often originate outside of
science, as in Darwin’s chance reading of Malthus. Theories are
underdetermined by data, and diverse theories may be consistent with
the data. The cognitive and intellectual interests of scientists will affect
their thought patterns. Personal motives, such as professional
recognition and the securing of research grants, will tend to favor
working within the prevailing paradigm. Institutions and individuals
may have a greater stake in one theory than another. Rapid acceptance
of a particular theory and resistance to a rival one may have complex
social, political, and economic causes. Here is a cultural relativism that
goes well beyond that suggested by Kuhn.24
Proponents of the "strong program" -- have supported their views with a
variety of case studies, often based on careful historical research.
Newtonian physics was more readily accepted because a mechanistic
view of nature excluded the pantheistic and occult philosophies
associated with alchemy and astrology. Maxwell’s electromagnetic
theory of the ether was welcomed because it seemed to provide an
antidote to the philosophy of materialism.25 One author argues that the
indeterminism of quantum theory in the Weimar Republic was
influenced by the romanticism and anarchism of postwar Germany.26
Studies of scientific disputes reveal complex reasons for favoring one
theory over another when the evidence is ambiguous, as in quark theory
in physics from 1974 to 1976, following the discovery of the J-psi
particle.27
These various delineations of extrascientific factors are a valuable
corrective to the "internalist" view of an autonomous, rational, scientific
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community. But in the history of ideas the causal or explanatory role of
interests is often speculative and difficult to document. I believe these
authors lean too far toward relativism and underestimate the constraints
placed on theories by the data arising from our interaction with nature.
Their interpretation of science fails to account for its success in making
predictions and generating applications. Ideologies and interests are
often present, but their distorting influence can be reduced by using the
criteria mentioned earlier, especially the testing of theories against data.
Extrascientific input is indeed evident in the imaginative origination of
theories, but it is less evident in their subsequent justification. Finally,
the extreme relativists are inconsistent, for they assert that their own
analysis is valid for all cultures. Their own claims somehow escape the
charges of cultural relativism of which everyone else is accused.
2. Third World Critiques
A critique of Western science similar to that of the "strong program"
was given by several delegates from the Third World at a conference
sponsored by the World Council of Churches at MIT. They claimed that
science today predominantly serves the interests of the rich nations, not
those that are poor and oppressed. Scientific resources are distributed in
radically unequal ways, with only 3 or 4 percent of the world’s research
and development funds aimed at problems typical of developing
nations. Medical research is mostly directed at the diseases of the
affluent, with little going to tropical diseases that affect a far larger
population. The technologies transferred to developing countries have
frequently not been appropriate for their situation. Most of these critics
referred to problem selection or technological application, but some
discussed Western biases in scientific concepts and theories.28
Might there be a distinctively different science in an Asian or African
culture? Most scientists would quickly dismiss the idea. They would
assert that the laws of nature are universal and that scientific meetings
and publications are international. Historical evidence provides no clear
answer, since modern science arose in the West and was then
transplanted to other cultures; indigenous forms of inquiry were not
developed. Most non-Western scientists or their teachers were trained in
the West and write for journals published in the West. In another
culture, physics would perhaps not have been the first science to be
established, despite the fact that the phenomena it studies are in some
ways simpler than those of other sciences. Would another culture have
escaped reductionism and maintained a more holistic approach in both
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experiment and theory -- or might it still do so in the future? Some
adherents of Eastern religions think so, as we will see in the next
chapter. Science does contribute to the most general categories of
interpretation, which are systematically explored in metaphysics, but the
metaphysical assumptions of a culture also influence the character of
scientific paradigms, as Kuhn recognized. In short, I believe that culture
does influence paradigms in all the sciences, but I do not think that this
implies incommensurability or unrestrained cultural relativism.
Third World authors, especially advocates of liberation theology, have
similarly criticized the biases they see in Western religious thought.
They maintain that all theology is written from a social location, which
influences perception and interpretation. What we see depends on where
we stand. In the past, theology has usually legitimated existing power
structures, and its purported political neutrality has perpetuated the
status quo. Gustavo Gutiérrez proposes that theology should be based on
an interplay of theory and action; it should be critical reflection on the
church’s engagement in the world. We have to start from the gospel and
also from our own historical situation. In Latin America, that situation is
one of abject poverty, the product of a long history of colonialism,
repressive local governments allied with the rich, and continued
dependence on an international economy from which affluent nations
have been the main beneficiaries.29
The liberation theologians hold that we all read scripture selectively.
From the Third World perspective, God is primarily Liberator. The
Exodus motif is central. God liberated the Israelites from slavery in
Egypt and continues to side with the poor and oppressed, not the
privileged. For the prophets, "to know God is to do justice." In his first
sermon, Jesus quoted Isaiah: "The Spirit of the Lord is upon me,
because he has anointed me to preach good news to the poor. . . . to set
at liberty those who are oppressed" (Luke 4:18). According to liberation
theology, the Christian is called to solidarity with the poor and to the
struggle to change unjust and dehumanizing economic and political
structures. The gospel is a message of liberation, not only from
individual sin, but from the social sins of exploitative institutions.
Individuals feel helpless, but they can be empowered by God and can
work through small grass-roots religious groups ("base communities")
and political movements. Most liberation theologians advocate some
form of socialism as the only possible path to social justice in their
historical situation.
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Liberation theology has been criticized for its indebtedness to Marxism
and its tendency to condone violence and revolution. But most
theologians who accept the Marxist analysis of economic exploitation
do not accept other tenets of Marxism. They also point to the protracted
covert violence of the status quo, and they give diverse assessments of
the circumstances in which revolution might be justified; many of them
acknowledge that a revolutionary government might impose new forms
of oppression.30 But our concern here is with the liberation theologians’
insistence that all theology is culture-laden and reflects economic and
political interests. Black theologians in the United States have asserted
that Christian theology has reflected racial as well as economic biases.31
Here, too, is a thesis on the social construction of theology resembling
the thesis that science is a social construction.
3. Feminist Critiques
In a similar way, feminists have analyzed the presence of gender biases
in both science and religion. Their critique of science occurs on several
levels. They state concerns about equal access for women in science
education and employment, studying overt and covert forms of
discrimination in schools and on the job. Next are criticisms of gender
biases in the selection of problems for research, especially in biology
and the health sciences. A more fundamental criticism is that male
biases have affected scientific theories and interpretation of data. One
example is the assumption by Darwin and his successors that
competition and struggle are the main forces in natural selection ("the
survival of the fittest"). This assumption seems to have reflected the bias
of a male-dominated culture, which valued competition. Only much
later was it recognized that cooperation and symbiosis are often crucial
in evolutionary survival. More blatant examples of gender bias are
evident in studies on the biological basis of sex differences, such as
claims that there is a neurological difference between the sexes in brain
lateralization and that this accounts for the purportedly innate
superiority of males in mathematics and spatial visualization.32
Helen Longino, a philosopher of science, holds that a feminist
perspective can contribute to objectivity in science by facilitating the
critique of auxiliary hypotheses and by suggesting alternative ones. For
example, it has often been said that "man the hunter" was the key to the
evolution of the earliest humans from primates and hominids. Male
hunting would have encouraged tool use, upright posture, and mental
capacities. But did not women use similar capacities as gatherers and
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nurturers? Longino holds that in our culture science reflects genderrelated preferences in the choice of problems, models, and concepts,
which affect the content as well as the practice of science.33
Evelyn Fox Keller has described Barbara McClintock’s work on genetic
transposition, which waited thirty years for recognition and eventually
received a Nobel Prize. McClintock was unable to find a university job,
and after she found a research post, her ideas were considered
unorthodox. The "central dogma" of molecular biology had posited a
one-way transfer of information: always from DNA, never to it (except
by natural selection). While most research was being done on genetic
structure, McClintock was interested in function and organization and
the relation of genes to cells, organisms, and developmental patterns.
Her work on transposition was finally vindicated, and the idea that the
wider environment could indirectly affect genetic changes (though not
directly, as Lamarck had thought) was finally accepted. Keller portrays
McClintock’s painstaking attention to small variations and anomalies
(such as a few corn kernels with colors different from the others), and
her "feeling for the organism" -- not implying a mystic intuition but
rather a sense of humility and a "listening to the material." Keller says
we should not see this as "feminist science," but she thinks
McClintock’s "outsider" role and her distinctive attitudes may have
given her a greater freedom to consider diverse kinds of
interrelationship.34
All of these authors seek a gender-free science within the prevailing
norms of scientific objectivity. Male biases are to be rejected not simply
because they are patriarchal but because they are "bad science," and
they can be corrected by a greater commitment to objectivity and
openness to evidence. But some feminists go much further in advocating
a new "feminist science" and in rejecting objectivity itself as a male
ideology. If there can be no value neutrality in science, then one can
only seek a differently gendered science, accepting the inevitability of
relativism. Sandra Harding calls this "feminist postmodernism,"
describing it as skeptical about the possibility of value neutrality,
rationality, and objectivity. She concludes, "It has been and should be
moral and political beliefs that direct the development of both the
intellectual and social structures of science. The problematics, concepts,
theories, methodologies, interpretations of experiments, and uses have
been and should be selected with moral and political goals in mind, not
merely cognitive ones."35
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These more radical critiques arise partly from considering the dualisms
that have been so pervasive in Western thought: mind/body,
reason/emotion, objectivity/subjectivity, domination/submission,
impersonal/personal, power/love. In each case, the first term has been
identified in our culture as male, the second as female. But precisely
these first terms are taken to characterize science: mind, reason,
objectivity, domination, impersonality, power. Science is stereotypically
male, and nature is referred to in female images. Bacon spoke of nature
as the mind’s bride: "Make her your slave, conquer and subdue her." In
a patriarchal society, the exploitation of women and nature have a
common ideological root. In this interpretation, scientists share these
alienating and manipulative attitudes when they make control and
prediction, rather than understanding, their goal.36 Another source of
radical critiques is the psychoanalytic theory claiming that a growing
girl achieves selfhood by identifying with her mother, while a growing
boy does so by separating from his mother -- leading men to value
separation, independence, objectivity, and power, the attitudes typical of
contemporary science.37
I cannot agree with those postmodernist feminists web recommend that
we should reject objectivity and accept relativism. Western thought has
indeed been dualistic, and men have perhaps been particularly prone to
dichotomize experience. But the answer surely is to try to avoid
dichotomies, not merely to relativize them. Nor do we want to
perpetuate them in inverted form by rejecting the first term and
affirming the second in each polarity. Such a move would be
shortsighted, even as a temporary corrective strategy, if we seek to
acknowledge the wholeness of life. We can grant that our inquiry is not
free of values and interests without having to adopt an anarchic
relativism. As Keller says, "Science is neither a mirror of nature nor
simply a reflection of culture." If we insist that objectivity is a product
of male consciousness, we deny the possibility of a feminist voice
within current science. Moreover, no clear proposal for an alternative
feminist science has been spelled out.
We also need to ask what people mean by objectivity and decide which
of these ideas we can affirm as valid ideals for science, whether or not
they are adhered to in current practice. Two of these meanings of
objectivity I would defend: (1) Data should be intersubjectively
reproducible, even though they are theory-laden, and (2) criteria should
be impartial and shared by the community of inquiry, even though they
are difficult to apply. But two other ideas seem to me dubious. First,
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objectivity cannot mean that theories are determined only by the object,
for we have said repeatedly that data are theory-laden and that we
cannot separate the subject and the object in an experiment. Inquiry
involves participation and interaction, not detachment. Second,
objectivity does not imply reductionism, as if the physicochemical laws
of the component parts were more valid as explanations than attempts to
describe the higher-level activities of integrated wholes. Holistic
thinking is not limited to women, but it appears that in our culture
women may be more sensitive than men to connections, contexts, and
interdependencies and more attuned to development, cooperation and
symbiosis. There may be a biological basis for some of these gender
differences, but they are mainly attributable to cultural patterns of
socialization.
In religion, too, feminist critiques have occurred at a variety of levels.
Some authors express concern about equal access to education and
employment, including the ordination of women. But the more
fundamental critique is of gender biases in concepts and beliefs.
Reformers seek an equal-gendered Christianity or Judaism, and radicals
believe the inherited traditions are so inherently patriarchal that they
should be rejected.
The reformist feminists agree that Christianity and Judaism have been
strongly patriarchal in both practice and thought. Religious leadership
and images of God have been overwhelmingly male and have supported
male domination in society. But the reformers argue that the essential
biblical message is not patriarchal. female images of God appear in the
Bible, though rarely. Isaiah asserts that God will not forget Israel: "Can
a woman-forget her suckling child?" (Isa. 49:15). Individual women
figure significantly in the Bible: Deborah, Esther, Ruth, and of course
Mary, as well as such later saints as St. Teresa of Avila and Julian of
Norwich. Jesus was not sexist, and he exhibited the virtues stereotyped
as "feminine," such as love and emotion, as much as the "masculine"
virtues of courage and leadership.38 Contemporary feminists seek
inclusive language, not only for brothers and sisters in the church, but
for a God who is like a mother as well as like a father, as we have seen
in Sallie Mcfague’s writing.
The theologian Rosemary Ruether sharply criticizes patriarchal
assumptions in the Catholic tradition, but she believes the church’s
essential message can be reformulated in nonsexist terms. The
mind/body dualism, in particular, came into Christian thought less from
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biblical than from Neoplatonic sources, and it can be replaced with a
more biblical vision of the whole person in community. Ruether brings
together the central concerns of feminist theology, liberation theology,
and the ecology movement. She holds that all three are opposed to
dualism, hierarchy, and domination. She seeks a more participatory
epistemology and an inclusive and equitable social order, combining
social justice with concern for nature and nonhuman life. She has given
a powerful critique of traditional Christianity without completely
rejecting it.39
The radical feminists, on the other hand, hold that the biblical tradition
is incurably patriarchal and that new religious forms must be sought
outside the church. The starting point must be such distinctive
experiences of women as sisterhood, pregnancy, and motherhood, as
well as the experiences considered inferior in a patriarchal culture:
intuition, emotion, the body, and harmony with nature. In addition, the
new approach must be based on the liberation and empowerment made
possible by women’s self-definition, self-expression, support groups,
and solidarity with other oppressed groups (though progress in moving
beyond a white, middle-class movement has been slow). Some radical
feminists have developed new religious rituals for women. Others have
drawn from goddess and Earth Mother myths in early cultures to
provide female symbols of the divine. Another alternative is to
symbolize the ultimate as impersonal -- as the Ground of Being, for
instance -- which avoids attribution of gender.40
As in the case of proposals for a feminist science, I disagree with those
radical feminists who perpetuate dualistic thinking by inverting the
prevailing cultural dualisms. In both cases, the effort to eliminate what
is invalid in the tradition can result in eliminating whatever is valid in it
also. Absolutizing the feminine seems as dubious as absolutizing the
masculine. Surely the goal should be for each of us as men and women
to express all our diverse capacities, whether stereotyped in our culture
as male or female -- and to symbolize the same diversity of creative
characteristics in our models of God.

III. Religious Pluralism
Despite the influence of cultural assumptions on scientific paradigms,
there is substantial agreement among scientists around the world
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concerning theories and data. Religious pluralism is a more serious
problem in a global age. Agreement is more elusive, and the
consequences of disagreement are sometimes more disastrous. What are
we to make of the diversity of interpretations of religious experience?
Can we find a middle ground between absolutism in religious claims
and total relativism? Are there any criteria that can be applied crossculturally in evaluating religious traditions?
1. The Interpretation of Religious Experience
How should we view cultural relativism in the interpretation of religious
experience? Some people have argued that it is not really a serious
problem. Richard Swinburne says that we ordinarily accept people’s
reports of what they claim to have experienced, unless there are grounds
for thinking that their testimony is unreliable or their claims
implausible. Similarly, says Swinburne, when persons say they have an
awareness of God, both they and other people should accept this at face
value unless there are strong grounds to doubt it. "From all this, of
course, it follows that if it seems to me that I have a glimpse of Nirvana
or a vision of God, that is good grounds for me to suppose that I do.
And, more generally, the occurrence of religious experiences is prima
facie reason for all to believe in that of which the experience was
purportedly an experience."41 He grants that some experiences are
deceptive and that we use cultural concepts to describe all experience;
religious testimony, in particular, produces conflicting claims. But the
basic religious experiences are rather similar, and the burden of proof
should rest on the skeptic. Swinburne concludes that "religious
perceptual claims deserve to be taken as seriously as perceptual claims
of any other kind."
William Alston maintains that we accept sense experience as evidence
of an independently existing object if (1) the experience occurs under
favorable circumstances, and (2) the interpretation is consistent with
other beliefs. The acceptance can be overridden if it is not consistent
with other beliefs (for example, we question our perception that the
moon is larger near the horizon). Alston says that similar conditions
apply to the interpretation of religious experience. We should
acknowledge the favorable circumstances provided by the spiritual
disciplines undertaken by the masters of the religious life. And we can
test their conclusions against a larger framework of beliefs. But Alston
grants that there are greater cultural variations in religious experience
than the cultural variations in sense experience that anthropologists have
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reported. 42
Steven Katz, at the opposite extreme, says that a report of religious
experience is determinatively shaped by the concepts a person brings to
it. He examines mystical writings in various traditions and is impressed
by their diversity. For example, Jewish mysticism does not involve loss
of identity in the experience of unity but preserves a sense of God’s
other-ness. Belief in a personal God and in the importance of ritual and
ethical action is simply assumed. "The mystic brings to his experience a
world of concepts, images, symbols and values which shape as well as
color the experience he eventually and actually has."43 Prior
expectations impose both form and content on experience; we cannot
say there is a universal experience which is then interpreted by diverse
cultural concepts. The symbols of religious communities are at work
before, during, and after the experience. Buddhists hold that suffering
and impermanence are the basic human problem, and therefore they
seek liberation from suffering. Christians believe that sin is our basic
problem, and they seek forgiveness and unity with God.
Peter Donovan takes an intermediate position. He argues that in
religion, as in science, there is no neutral description without
interpretation. "All that theoretical background is not found in the
experience itself, but is brought to it by way of interpretation, making it
the experience it is."44 Experience can indeed support an overall
theoretical scheme, but "one’s estimate of the value of any particular
experience will depend on how one evaluates the total belief system in
terms of which the experience is thought to be significant."45 Donovan
holds that particular experiences, even those that are life transforming,
must be systematically related to a coherent conceptual framework,
which is judged as a whole.
In a similar vein Ninian Smart points to common elements in the reports
of mystics but acknowledges that they diverge in doctrinal
interpretation.
The fact that mysticism is substantially the same in different
cultures and religions does not, however, entail that there is a
"perennial philosophy" common to mystics. Their doctrines are
determined partly by facts other than mystical experience itself. .
. . The distinction between experience and interpretation is not
clear-cut. The reason for this is that the concepts used in
describing and explaining an experience vary in their degree of
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ramification. That is to say, where a concept occurs as part of a
doctrinal scheme it gains its meaning in part from a range of
doctrinal statements taken to be true.46
Smart recommends that we use low-level descriptive terms, with
minimal doctrinal ramification, to try to formulate a more
phenomenological account on which both the mystic and other persons
can concur. This would be consistent with my own view that the
distinction between experience and interpretation, like that between data
and theory in science, is never absolute; in both cases the distinction is
relative and is drawn at differing points at various times for particular
purposes.
If there is no uninterpreted experience, there can be no immediate
religious knowledge, no "self-authenticating" awareness of God, no
incorrigible intuition for which finality may be claimed. For when
interpretation is present there is always the possibility of
misinterpretation, especially through wishful thinking, which reads into
experience more than is warranted. Nor can there be any certain
inference from experience to a Being who is its independent cause. Even
the sense of confrontation and encounter is no guarantee of the existence
of a source beyond us.47
The key question is whether religious experience exercises any control
on interpretation. A set of basic beliefs has the tendency to produce
experiences that can be cited in support of those beliefs, which are then
self-confirming. A suggestible person may experience what he or she
has been taught to expect. Yet people also have unexpected and
surprising experiences that challenge their previous assumptions and
lead them to reformulate their beliefs.
We can deny that God is an immediate and uninterpreted datum without
going to the opposite extreme of saying that God is only inferred,
without being experienced. To make God a hypothesis to be tested or a
conclusion of an argument (as in the argument from design) is to lose
the experiential basis of religion. In my view, God is known through
interpreted experience.48 Our knowledge of God is like knowledge of
another self in being neither an immediate datum nor an inference.
Another self is not immediately experienced; it must express itself
through various media of language and action, which we interpret. Yet
we do not merely infer that another self is present; as a precondition for
taking words and gestures as expressions of purpose and intention we
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must already understand ourselves to be dealing with another self.49
Members of religious communities similarly understand themselves to
be dealing with God; such an understanding is so basic that it may seem
almost as much a part of interpreted experience as encounter with
another self.
I conclude that beliefs are both brought to religious experience and
derived from it. Religion, more than science, is influenced "from the top
down," from paradigms, through interpretive beliefs, to experience. But
the influence "from the bottom up," starting from experience, is not
totally absent in religion. Although there is no neutral descriptive
language, there are degrees of interpretation. Thus members of various
religious traditions can communicate even though they are dependent on
culturally formed languages.
2. Between Absolutism and Relativism
Religious communities have varied widely in their attitudes toward
other religions. We can distinguish five types of attitudes.50
1. Absolutism
Here the claim is that there is only one true religion and all others are
simply false. There is one exclusive path to salvation. Judaism always
balanced the particularism of the covenant with Israel and the idea of the
chosen people with the universalism of the covenant with Noah, and
salvation was never restricted to Jews. In Christianity, the uniqueness of
the incarnation was the basis for the traditional assertion that salvation is
possible only through Christ. Roman Catholicism expressed it
classically as, "Outside the church, no salvation." In Protestant
fundamentalism, exclusivism is based on the idea of a uniquely revealed
book.
Critics of this position hold that it absolutizes finite expressions of the
infinite, whether in an institution, a book, or a set of doctrines. They
also point out that such views have led to intolerance, crusades,
inquisitions, religious wars, and the rationalization of colonialism. The
grim history of Christian persecution of Jews is one consequence of
such absolutism. Religious imperialism is particularly dangerous in a
nuclear age.
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2. Approximations of Truth
In this view other religions are believed to hold elements of the truth
that is more fully presented in one’s own tradition. Christianity is said to
be the fulfillment of what is implicit or only partially understood in
other religions. God is at work in these other traditions, which are
genuine responses to God and real ways of salvation for their adherents,
despite their limitations. There are prefigurations of Christ, not just in
the Old Testament (Hebrew Scriptures), but in all the major world
religions. This is a common view in Protestant liberalism. Catholic
authors since Vatican II have said that in other traditions there is "the
hidden Christ" (Raymond Panikkar), "the anonymous Christian" (Karl
Rahner), or (in an older terminology) "the latent church," whereby the
salvation won by Christ is available to all humankind. As Rahner puts it,
"There are many ways, but one norm.
This view goes far toward mitigating the intolerance of the first
position. However, it tends to be somewhat condescending toward other
traditions. Presumably it would see no value in dialogue except to
persuade the other party. We have nothing to learn if our tradition
already possesses the full truth, which is only partially available
elsewhere.
3. Identity of Essence
Perhaps all religions are basically the same, though expressed in
differing cultural forms. To some writers, the central religious
experience is mysticism, in which there is awareness of the unity of all
things (as in Aldous Huxley’s "perennial philosophy"). To others, the
feeling of absolute dependence (Schleiermacher) or the numinous power
of the holy (Otto) is the essence of religion. Doctrines are looked on as
symbolic statements of inner experiences, which are what is important
religiously. In this view, we should all agree on the common core,
without claiming that one set of doctrines is superior to another. This
would encourage us to work for the emergence of a global religion, in
which no one group would impose its views on others.
The problem with this position is that there is disagreement as to what
the common essence is. Moreover, a rich diversity exists within every
tradition as well as among traditions. A watered-down global religion
would have to rely on private experiences and abstract ideas, stripped of
all the historical memories, communal stories and rituals, and particular
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patterns of behavior found in actual religious communities.
4. Cultural Relativism
Anthropologists study cultures in their totality, and they view religion as
an expression of a culture. Each religion functions in its own cultural
setting. Linguistic analysts hold that religious symbols and concepts
shape our experience; since cultural and linguistic forms vary widely, it
is not surprising that there is great diversity in religious experience.
Forms of life and their associated "language games" are self-contained,
culturally relative, and incommensurable. The primary religious
language is "prayer, praise and preaching," while both doctrine and
experience are secondary (Lindbeck). Here the central place of
particular stories and rituals in worship and practice can be appreciated.
The great strength of linguistic analysis is its recognition of the multiple
functions of religion as a way of life. Moreover, a relativistic approach
clearly avoids the problems presented by claims of superiority and
claims of identity. It affirms the particularity of each tradition as well as
its internal diversity. But it also makes the study of another religion of
limited relevance, since it must be understood as part of its cultural
system. Little can be learned that might illuminate our lives in our own
cultural setting. Any beliefs claiming to be true must be discounted, and
there is no motive to try to transcend the limitations and blind spots of
our own culture. There is no basis for criticism of one’s own culture.
Acceptance of tradition would predominate over critical reflection and
reformulation.
5. Pluralistic Dialogue
The starting point here is affirmation of the presence of God in the faith
and life of persons in other traditions. We can be open to the diverse
ways of being human and recognize that there are diverse possibilities
for our own lives. We can be sensitive to persons in other cultures and
try to see the world from their point of view, even though we can never
totally leave behind our cultural assumptions. We can take a
confessional approach and testify to what has happened in our own
lives, without passing judgment on others. Loyalty to our own tradition
can be combined with respect for other traditions. This view offers a
stronger basis for genuine dialogue and mutual learning than any of the
alternatives above.
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As an example of this position, consider the writings of John Hick, who
holds that "God has many names." The divine reality is encountered,
conceptualized, and responded to in multiple ways. "These different
human awarenesses of the Eternal One represent different culturally
conditioned perceptions of the same infinite divine reality."51 Hick says
that religious traditions are like reports from explorers of a Himalayan
mountain whose higher altitudes are always hidden in the clouds. The
explorers have taken different routes and have different impressions of
the mountain from varying perspectives, and none has reached the top.
But Hick goes beyond this analogy in proposing that divine initiative
has been revealed within many traditions, in the framework of the
cultural assumptions of each. The variety of traditions exhibit multiple
forms of revelation as well as differences in human perception.
Moreover, says Hick, salvation occurs within many traditions. Here he
is referring not to eternal life but to the transformation of personal
existence in this life, "the transformation from self-centeredness to
Reality centeredness," variously referred to as salvation, fulfillment,
liberation, or enlightenment. The spiritual and moral fruits of such
changes are not confined to any one religion. Each tradition can be
effective in the lives of persons who have been spiritually formed by it.
We should each be loyal to our own heritage:
We can revere Christ as the one through whom we have found
salvation, without having to deny other points of reported contact
between God and man. We can commend the way of Christian
faith without having to discommend other ways of faith. We can
say that there is salvation in Christ, without having to say there is
no salvation other than in Christ.52
In common with the Identity of Essence position, Hick holds that there
is a common object of devotion in all religions. However, he differs in
emphasizing the influence of cultural traditions on experience as well as
on doctrinal interpretation. He also welcomes diversity and commitment
to particular traditions, rather than the search for a single global religion.
He agrees with Cultural Relativism in acknowledging the formative
influence of culture and language. Moreover, his insistence that the
heart of religion is personal transformation rather than doctrine is
consistent with relativism. He sees no necessary conflict between
differing means of transformation in diverse cultures, whereas doctrines
make mutually exclusive claims. But Hick avoids a total relativism by
affirming a transcendent reality beyond the variations of culture and by
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advocating an epistemology in which religious language can make
cognitive claims, even though they are always partial, symbolic, and
tradition-laden.
In his treatment of Christ, Hick starts on common ground with the
Approximations of Truth school, but in the end he departs from it. How
might we compare Christ with Old Testament prophets, Christian saints,
or founders and leading figures in other world religions? Hick cites
several authors who defend the uniqueness of Christ but who understand
that uniqueness as a difference in degree and in relationship to God,
rather than as an absolute difference in kind or in metaphysical
substance and nature. He accepts the preeminence of Christ as the
definitive expression of God’s presence for himself as a Christian. But
he affirms the possibility that people in other traditions may find
definitive expressions elsewhere.53
This fifth position, then, goes beyond tolerance of other positions to
advocate dialogue that may be mutually enriching. If we are open to
new insights, we can learn from other religions and perhaps come to
appreciate aspects of the divine and potentialities for human life that we
have ignored. Thus Hick thinks that Christianity has had a positive
influence on Hinduism in encouraging a greater concern for social
justice, while the current interest in meditation among Christians is in
part indebted to Hinduism. Again, Buddhism has less frequently been
associated with imperialism and warfare than Christianity and has
shown a greater respect for nature; but Christianity seems to have
provided greater impetus for material progress and social change.
Exposure to another religion can also lead us to rediscover neglected
themes in our own heritage.54
A similar view is developed by Paul Knitter, who holds that one can
accept the possibility of other saviors without undermining commitment
to Christ. Christ is God’s revelation, but not the only one. The Christian
vision can be decisive for us, he says, but we do not need to pass
judgment on other visions. Ultimate reality is perceived in differing
ways and interpreted in varying symbols among the diverse religious
traditions. Knitter suggests that people should be encouraged toward a
deeper experience within their own tradition and at the same time be
open to dialogue with other traditions. Instead of being a source of
conflict and fragmentation, religion could then be a powerful force for
global unity.55
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3. Conclusions
Religion is indeed a way of life. Religious language serves diverse
functions, many of which have no parallel in science. It encourages
ethical attitudes and behavior. It evokes feelings and emotions. Its
typical forms are worship and meditation. Above all, its goal is to effect
personal transformation and reorientation (salvation, fulfillment,
liberation, or enlightenment). All of these aspects of religion require
more total personal involvement than does scientific activity, affecting
more diverse aspects of personality. Religion also fills psychological
needs, including integration of personality and the envisioning of a
larger framework of meaning and purpose. Many of these goals are
fulfilled primarily through religious experience, story, and ritual.
In all these functions, the use of language is noncognitive and no
explicit propositional assertions about reality are made. Yet each
function presupposes cognitive beliefs and assertions. The
appropriateness of a way of life, an ethical norm, a pattern of worship, a
particular understanding of salvation, or a framework of meaning
depends in each case on beliefs about the character of ultimate reality.
Let us look again at the four criteria presented in the previous chapter
considering first their use within a religious tradition or paradigm
community.
1. Agreement with Data, It is sometimes said that the distinctive feature
of science is that from theories one can make predictions, which can be
tested in controlled experiments. But not all sciences are predictive and
experimental. Geology and astronomy are based on observations rather
than experiments; in geology there are no predictions (though aspects of
present or past states could have been predicted from earlier states). We
have said that evolutionary history could not have been predicted in
detail, and only certain portions of evolutionary theory can be tested
experimentally. In science, then, we should talk about the
intersubjective testing of theories against various kinds of data, with all
the qualifications suggested earlier about theory-laden data, paradigmladen theories, and culture-laden paradigms. Moreover, we have seen
that because auxiliary hypotheses can usually be adjusted, we must
reject any simple notion of verification and falsification.
In religion, the intersubjective testing of beliefs does occur within
religious communities, and it provides some protection against
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arbitrariness and individual subjectivity. The interpretation of initiating
events, formative experiences, and subsequent individual and communal
experiences goes through a long process of testing, filtering, and public
validation in the history of the community. Some experiences recur and
are accepted as normative, others are reinterpreted, ignored, or
discounted. But clearly the testing process is far less rigorous than in
science, and religious communities are not as intercultural as scientific
communities.
2. Coherence. Consistency with accepted theories and internal
coherence are sought in science. We have learned from Lakatos that the
continuity of a research program is maintained by commitment to its
central core, which is protected by making modifications in auxiliary
hypotheses. Religious beliefs, too, are judged by their consistency with
the central core of a tradition, but here the core is correlated with story
and ritual. The interpretation of story and ritual involves auxiliary
hypotheses that are subject to modification. Anomalies can be tolerated
for considerable periods, but the capacity to respond to them creatively
without undermining the central core is a sign of the vitality of a
program. Theological formulations are corrigible and have changed
substantially in the course of history. New principles of scriptural
interpretation and new concepts of God are characteristic of the modern
period. More recently, feminist and Third World writers have helped us
see some of the biases in the classical tradition. Theology as critical
reflection is also concerned about the coherence and systematic
interconnection of beliefs.
3. Scope. A scientific theory is more secure if it is broad in scope and
extensible, correlating diverse types of phenomena in domains different
from those in which the theory was first developed. Religious beliefs,
too, can be judged by their comprehensiveness in offering a coherent
account of diverse kinds of experience, beyond the primary experiences
from which they arose. Religious beliefs must be consistent with the
well-supported findings of science, and this may sometimes require the
reformulation of theological auxiliary hypotheses, as we will see in
subsequent chapters. Religious beliefs can also contribute to a
comprehensive metaphysics, though they are not the only source of such
wider integrative frameworks that are broader than either science or
religion. Metaphysical assumptions in turn feed back to affect
paradigms in religion, as they do in science.
4. Fertility. Theories in science are judged by their achievement and
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promise in contributing to the vitality of an ongoing program over a
period of time. In line with the goals of science, scientific fertility refers
to the ability to stimulate theoretical development and experimental
research. Religion has more diverse goals, so fertility here has many
facets. It includes the capacity to stimulate creative theological
reflection. But it also includes evidence of power to nourish religious
experience and to effect personal transformation. Beyond this, fertility
includes evidence of desirable influence on human character and the
motivation to sustain ethical action. The apostle Paul said that "the fruit
of the Spirit is love, joy, peace, patience, kindness, goodness,
faithfulness, gentleness, self-control" (Gal. 5:22). The philosopher
William James discusses saintliness as one criterion. We can also ask
about practical implications for the most urgent problems of our time,
such as the ecological and nuclear crises. Criteria for evaluating such
individual and social consequences are of course strongly paradigmdependent.
In short, religion cannot claim to be scientific or to be able to conform
to the standards of science. But it can exemplify some of the same spirit
of inquiry found in science. If theology is critical reflection on the life
and thought of the religious community, it is always revisable and
corrigible. There are no controlled experiments, but there is a process of
testing in the life of the community, and there should be a continual
demand that our concepts and beliefs be closely related to what we have
experienced. There is no proof, but there is a cumulative case from
converging lines of argument. Rational argument in theology is not a
single sequence of ideas, like a chain that is as weak as its weakest link.
Instead, it is woven of many strands, like a cable many times stronger
than its strongest strand.56 Or, to use an analogy introduced earlier,
religious beliefs are like an interlocking network which is not floating
freely but is connected at many points to the experience of the
community.
Can these same criteria be applied to comparative judgments between
religious traditions? Ninian Smart refers to world religions as
"experiments in living."57 Could one ask about their comparative
success as experiments in living? By the first criterion above, it appears
that each set of religious beliefs is in agreement with experience, but
each focuses selectively on particular types of experience. Next, each
has elaborated beliefs that are coherent, consistent with its heritage, and
expressive of its stories and rituals. Moreover, thinkers in each tradition
have worked out comprehensive conceptual systems of wide scope. The
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transformation of personal life has occurred in varying degrees within
all the major religious traditions.
When it comes to ethical consequences, there seem to be saints and
hypocrites around the world. The ideal of love may be extolled in each
tradition, but it has been realized only by rare individuals or in monastic
orders and relatively small, dedicated communities -- though the ideal
may have affected the lives of millions. The actual history of each
tradition has seen violence, cruelty, and greed as well as compassion,
reconciliation, and dedication to justice. Each heritage seems to have its
characteristic strengths and weaknesses, its particular virtues and
temptations. One can indeed make some comparative judgments
between them in terms of their ideals, if not in terms of their practice.
But these judgments are inescapably ambiguous and reflect the norms of
one’s own traditions.58
I believe that the Christian tradition has the potential to meet these
criteria better than other traditions, but I have to acknowledge that it has
seldom lived up to this potential. I can learn from other traditions,
coming to appreciate some of their ethical sensitivities, meditation
practices, and models of God, which can be part of my life. Even after
trying to learn from them, I am still an outsider whose understanding is
fragmentary, and I am not in a position to pass judgment on them. If I
take a confessional stance, I can only witness to what has happened in
my life and in that of the Christian community; my main task is to
respond to the deepest insights of my own heritage.59
The differences among religions are too great for us to adopt the
Identity of Essence thesis, despite, the appeal of its universalism in a
global age. The Approximations of Truth position seems difficult to
maintain if beliefs and criteria are strongly paradigm-dependent. It may
be defended, however, by reliance on revelation, which has no parallel
in science. The dangers of Absolutism can be avoided if revelation is
not identified with infallible scriptures, revealed doctrines, or
authoritative institutions. If revelation occurs through the lives of
persons, the human character of theology and the human failings of the
church can be acknowledged.
Pluralistic Dialogue allows us to give preeminence to revelation and
salvation in Christ without denying the possibility of revelation or
salvation in other traditions. It differs from Approximations of Truth in
its greater openness to the possibility of distinctive divine initiative in
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other traditions. It also goes further in accepting the historical
conditioning of our interpretive categories. Yet it differs from Cultural
Relativism in insisting that there are criteria of judgment, so we do not
have to end in skepticism.
The first three criteria, in particular, do exhibit some similarities with
science, even if their application is more ambiguous and paradigmdependent. If we looked only at the noncognitive functions of religious
language, such as personal transformation and liturgical celebration, we
might accept a total relativism because no truth claims about reality
would be asserted. But if religious language does make implicit and
explicit claims about reality -- even tentative and partial claims -- we
cannot abandon the use of criteria to evaluate concepts and beliefs.
Critical reflection guided by such criteria is primarily motivated by our
own search for truth rather than by the desire to prove our superiority
over others. But it does imply that there are limits to tolerance. We
cannot avoid passing judgment on cannibalism, Satanism, or Nazism or
raising questions about what we see as the inadequacies of other
religious traditions.
Perhaps Pluralistic Dialogue ends closer to relativism than to
absolutism, but it can be distinguished from both. It brings liberation
from the quest for certainty, which is one of the motivations of
absolutism. We have said that certainty is not possible, even in science,
and that all understanding is historically conditioned. Yet we do not
need to accept the skepticism to which extreme relativism leads in the
interpretation of both science and religion. Such skepticism would in the
long run undermine the commitment that is balanced against
tentativeness in both the scientific and the religious community. Of all
the alternatives, this path offers the greatest prospect for religious
cooperation in a global age, as we will see in part 3.
Pluralistic Dialogue between religions is compatible with Dialogue
between science and religion concerning boundary questions and
methodological parallels (chapter 1). But it is also compatible with a
closer Integration between science and religion (through natural
theology, a theology of nature, or systematic synthesis). Critical realism
encourages such integration, for it holds that some statements in the two
disciplines refer to a common world. Instrumentalists maintain that
ideas of various kinds have dissimilar functions in life; linguistic
analysts hold that there are independent language games having little in
common. But critical realists affirm that the theories of science and the
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beliefs of theology both make claims about reality -- and that at least
some points these claims are related to each other. Some of these
relationships are explored in part 2.
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Chapter 4: Physics and Metaphysics
In part 2 we turn from the methods of science to the content of particular
scientific theories. In successive chapters we look at three scientific
disciplines: physics, astronomy, and evolutionary biology. In each case,
current scientific theories are outlined and their philosophical and
theological implications are explored.
Physics is the study of the basic structures and processes of change in
matter and energy. Dealing with the lowest organizational levels, and
using the most exact mathematical equations, it seems of all sciences
furthest removed from the concerns of religion for life, mind, and
human existence. But physics is of great historical and contemporary
importance because it was the first science that was systematic and
exact, and many of its assumptions were taken over by other sciences.
Its methods were seen as ideals for other sciences to emulate. It exerted
a major influence on philosophy and theology.
Moreover, though physicists study only the inanimate, they look today
at entities from a variety of domains, from quarks and atoms to solid
state crystals, planets, and galaxies -- including the physical basis of
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living organisms. Already in the field of physics we confront issues of
the observer and the observed, chance and law, and parts and wholes.
But the issues here are inevitably complex, and readers who find the
details difficult to follow can find a summary of the conclusions at the
end of the chapter.
Three assumptions of Newtonian physics have been called into question
in the twentieth century:
1. Newtonian epistemology was realistic. Theories were believed to
describe the world as it is in itself, apart from the observer. Space and
time were held to be absolute frameworks in which every event is
located, independently of the frame of reference of the observer. The
"primary" qualities, such as mass and velocity, which can be expressed
mathematically, were considered objective characteristics of the real
world.
2. Newtonian physics was deterministic. In principle, it was held, the
future of any system of matter in motion could be predicted from
accurate knowledge of its present state. The universe, from the smallest
particle to the most distant planet, seemed to be governed by the same
inexorable laws.
3. The Newtonian outlook was reductionistic in holding that the
behavior of the smallest parts, the constituent particles, determines the
behavior of the whole. Change consists in the rearrangement of the
parts, which themselves remain unchanged. Here was a powerful image
of nature as a law-abiding machine, an image that strongly influenced
the development of science and Western thought. This view of the world
as a clockwork mechanism led to the deistic view of god as the
clockmaker who designed the mechanism and left it to run itself.
The eighteenth century saw the further elaboration of Newtonian
mechanics. In the nineteenth century, new types of conceptual schemes
were introduced in physics, including electromagnetic theory and the
kinetic theory of gases. But the basic assumptions remained unchanged.
All laws seemed to be derivable, if not from the mechanics of particles,
at least from the laws governing a few kinds of particles and fields. In
kinetic theory and thermodynamics, the behavior of gases was described
in terms of probability, but this procedure was considered to be only a
convenience in calculation. It was assumed that the motion of all gas
molecules is precisely determined by mechanical laws, but because
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these motions are too complex to calculate, we can use statistical laws to
predict the average behavior of large groups of molecules.
All three of these assumptions -- realism, determinism, and reductionism
-- have been challenged by twentieth-century physics. The changes in
concepts and assumptions were so great that it is not surprising that
Kuhn uses it as a prime example of a scientific revolution, a paradigm
shift. We will examine quantum theory and relativity as well as recent
work in thermodynamics and then explore their implications for
religious thought.
I. Quantum Theory
We have seen that particle models, such as the billiard ball model,
dominated the classical physics of matter. By the nineteenth century,
theorists used another basic type of model, that of waves in continuous
media, to account for a different group of phenomena involving light
and electromagnetism. But early in the present century a number of
puzzling experiments seemed to call for the use of both wave and
particle models for both types of phenomena. On the one hand,
Einstein’s equations for the photoelectric effect and Compton’s work on
photon scattering showed that light travels in discrete packets, with
definite energy and momentum, behaving very much like a stream of
particles. Conversely, electrons, which had always been viewed as
particles, showed the spread-out interference effects characteristic of
waves. Waves are continuous and extended, and they interact in terms of
phase; particles are discontinuous, localized, and they interact in terms
of momentum. There seems to be no way to combine them into one
unified model.1
Suppose, for example, that a stream of electrons is sent through two
parallel slits in a metal screen and strikes a photographic film placed a
few centimeters behind the screen. Each electron registers as a single
tiny dot on the film; it seems to arrive as a particle, and it must
presumably have gone through either one slit or the other if the charge
and mass of the electron are indivisible. Yet the dots on the film fall in
an interference pattern of parallel bands, which can be explained only if
one assumes a wave passing through both slits. This same wave-particle
duality is found throughout atomic physics. But a unified mathematical
formalism can be developed that allows the observed events to be
predicted statistically. It yields wave functions for a mixture of
possibilities, a "superposition of states." One can calculate the
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probability that an electron will strike the film at any given point.
Within the calculated probability distribution, however, the exact point
at which a particular electron will strike cannot be predicted.
Similarly, no unified model of the atom has been developed in quantum
theory. The earlier "Bohr model" of the atom could be easily visualized;
particlelike electrons followed orbits around the nucleus, resembling a
miniature solar system. But the atom of quantum theory cannot be
pictured at all. One might try to imagine patterns of probability waves
filling the space around the nucleus like the vibrations of a threedimensional symphony of musical tones of incredible complexity, but
the analogy would not help us much. The atom is inaccessible to direct
observation and unimaginable in terms of sensory qualities; it cannot
even be described coherently in terms of classical concepts such as
space, time, and causality. The behavior of the very small is radically
different from that of everyday objects. We can describe by statistical
equations what happens in experiments, but we cannot ascribe familiar
classical attributes consistently to the inhabitants of the atomic world.
The extensions of quantum theory in recent years into the nuclear and
subnuclear domains have maintained the probabilistic character of the
earlier theory. Quantum field theory is a generalization of quantum
theory that is consistent with special relativity. It has been applied with
great success to electromagnetic interactions and subnuclear interactions
(quantum chromodynamics or quark theory) and electroweak theory.2
Let us trace, then, the challenge that quantum theory presents in turn to
realism, determinism, and reductionism.
1. Complementarity
Niels Bohr defended the use of wave and particle models and other pairs
of sharply contrasting sets of concepts. His discussion of what he called
the Complementarity Principle included several themes. Bohr
emphasized that we must always talk about an atomic system in relation
to an experimental arrangement; we can never talk about it in isolation,
in itself. We must consider the interaction between subject and object in
every experiment. No sharp line can be drawn between the process of
observation and what is observed. We are actors and not merely
spectators, and we choose the experimental tools we will employ. Bohr
held that it is the interactive process of observation, not the mind or
consciousness of the observer, that must be taken into account.
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Another theme in Bohr’s writing is the conceptual limitation of human
understanding. The human as knower, rather than as experimenter, is the
center of attention here. Bohr shares Kant’s skepticism about the
possibility of knowing the world in itself. If we try, as it were, to force
nature into certain conceptual molds, we preclude the full use of other
molds. Thus we must choose between complete causal or
spatiotemporal descriptions, between wave or particle models, between
accurate knowledge of position or momentum. The more one set of
concepts is used, the less the complementary set can be applied
simultaneously. This reciprocal limitation occurs because the atomic
world cannot be described in terms of the concepts of classical physics
and observable phenomena.5
How, then, are the concepts of quantum physics related to the real
world? Three differing views of the status of theoretical entities in
science yield differing interpretations of quantum theory.
1. Classical Realism. Newton and almost all physicists through the
nineteenth century said that theories are descriptions of nature as it is in
itself apart from the observer. Space, time, mass, and other "primary
qualities" are properties of all real objects. Conceptual models are
replicas of the world that enable us to visualize the unobservable
structure of the world in familiar classical terms. Einstein continued this
tradition, insisting that a full description of an atomic system requires
specifying the classical spatiotemporal variables that define its state
objectively and unambiguously. He held that since quantum theory does
not do this, it is incomplete and will eventually be superseded by a
theory that fulfills classical expectations.
2. Instrumentalism. Here theories are said to be convenient human
constructs, calculating devices for correlating observations and making
predictions. They are also practical tools for achieving technical control.
They are to be judged by their usefulness in fulfilling these goals, not by
their correspondence to reality (which is inaccessible to us). Models are
imaginative fictions used temporarily to construct theories, after which
they can be discarded; they are not literal representations of the world.
We cannot say anything about the atom between our observations,
though we can use the quantum equations to make predictions about
observable phenomena.
It is often assumed that Bohr must have been an instrumentalist because
he rejected classical realism in his protracted debate with Einstein. He
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did indeed say that classical concepts cannot be used unambiguously to
describe independently existing atomic systems. Classical concepts can
be used only to describe observable phenomena in particular
experimental situations. We cannot visualize the world as it is in itself
apart from our interaction with it. Bohr did agree with much of the
instrumentalist critique of classical realism, but he did not endorse
instrumentalism specifically, and more careful analysis suggests that he
adopted a third alternative.
3. Critical Realism. Critical realists view theories as partial
representations of limited aspects of the world as it interacts with us.
Theories allow us to correlate diverse aspects of the world manifest in
differing experimental situations. To the critical realist, models are
abstract and selective but indispensable attempts to imagine the
structures of the world that give rise to these interactions. The goal of
science, in this view, is understanding, not control. The corroboration of
predictions is one test for valid understanding, but prediction is not in
itself a goal of science.
A good case can be made that Bohr adopted a form of critical realism,
though his writings were not always clear. In the debate with Einstein,
he was not denying the reality of electrons or atoms, only that they are
the sort of things that admit of precise classical space-time descriptions.
He did not accept Mach’s phenomenalism, which questioned the reality
of atoms. Summarizing the dispute, Henry Folse says, "He discarded the
classical framework and kept a realistic understanding of the scientific
description of nature. What he rejects is not realism, but the classical
version of it."4
Bohr presupposed the reality of the atomic system that is interacting
with the observing system. In contrast to subjectivist interpretations of
quantum theory, which take observation to be a mental-physical
interaction, Bohr talks about physical interactions between instrumental
and atomic systems in a total experimental situation. Moreover, wave
and particle or momentum and position or other complementary
descriptions apply to the same object, even though the concepts are not
unambiguously applicable to it. They represent different manifestations
of the same atomic system. Folse writes:
Bohr argues that such representations are ‘abstractions’ which
serve an indispensable role in allowing a phenomenon to be
described as an interaction between observing systems and
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atomic systems, but which cannot picture the properties of an
independent reality. . . . We can describe such a reality in terms
of its power to produce the various different interactions
described by the theory as providing complementary evidence
about the same object.5
Bohr did not accept the classical realist view of the world as consisting
of entities with determinate classical properties, but he still held that
there is a real world, which in interacting has the power to produce
observable phenomena. Folse concludes his book on Bohr with this
summary:
The ontology implied by this interpretation of Bohr’s message
characterizes physical objects through their powers to appear in
different phenomenal manifestations rather than through
determinate properties corresponding to those of phenomenal
objects as was held in the classical framework. The case is then
made that, within the framework of complementarity, it is
possible to preserve a realistic understanding of science and
accept the completeness of quantum theory only by revising our
understanding 0f the nature of an independent physical reality
and how we can have knowledge of it.6
In short, we do have to abandon the sharp separation of the observer and
the observed that was assumed in classical physics. In quantum theory,
the observer is always a participant. We will find a similar
epistemological lesson in relativity. In complementarity, the use of one
model limits the use of other models. Models are symbolic
representations of aspects of interactive reality that cannot be uniquely
visualized in terms of analogies with everyday experience; they are only
very indirectly related to either the atomic world or the observable
phenomena. But we do not have to accept an instrumentalism that
makes theories and models useful intellectual and practical tools that tell
us nothing about the world.
Bohr himself proposed that the idea of complementarity could be
extended to other phenomena susceptible to analysis by two kinds of
models: mechanistic and organic models in biology, behavioristic and
introspective models in psychology, models of free will and
determinism in philosophy, or of divine justice and divine love in
theology. Some authors go further and speak of the complementarity of
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particle duality and Bohr’s generalization of it, calls science and religion
"complementary accounts of one reality."7
I am dubious about such extended usage of the term. I would set down
several conditions for applying the concept of complementarity.8
1. Models should be called complementary only if they refer to the same
entity and are of the same logical type. Wave and particle are models of
a single entity (for example, an electron) in a single situation (for
example, a two-slit experiment); they are on the same logical level and
had previously been employed in the same discipline. These conditions
do not apply to science and religion." They do not refer to the same
entity. They arise typically in differing situations and serve differing
functions in human life.9 For these reasons I speak of science and
religion as alternative languages and restrict the term complementary to
models of the same logical type within a given language, such as
personal and impersonal models of God (chap. 2).
2. One should make clear that the use of the term outside physics is
analogical and not inferential. There must be independent evidence of
the value of two alternative models or sets of constructs in the other
field. It cannot be assumed that methods found useful in physics will be
fruitful in other disciplines.
3. Complementarity provides no justification for an uncritical
acceptance of dichotomies. It cannot be used to avoid dealing with
inconsistencies or to veto the search for unity. The paradoxical element
in the wave-particle duality should not be overemphasized. We do not
say that an electron is both a wave and a particle, but only that it
exhibits wavelike and particlelike behavior; moreover we do have a
unified mathematical formalism, which provides for at least
probabilistic predictions. We cannot rule out the search for new unifying
models, even though previous attempts have not yielded any theories in
better agreement with the data than quantum theory. Coherence remains
an important ideal in all reflective inquiry, even if it is qualified by
acknowledgment of the limitations of human language and thought.
2. Indeterminacy
We have seen that for individual events quantum theory typically makes
only predictions of probability. For example, we can predict when half
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of a large group of radioactive atoms will have disintegrated, but we
cannot predict when a particular atom will disintegrate; we can predict
only the probability that it will disintegrate in a given time interval. The
Heisenberg Uncertainty Principle states that the more accurately we
determine the position of an electron, the less accurately we can
determine its momentum, and vice versa. A similar uncertainty relation
connects other pairs of conjugate variables, such as energy and time.
Do these uncertainties represent the limitations of our knowledge or real
indeterminancy and chance in the world? Three possible answers were
given in the early years of quantum theory, and the debate among them
continues today:
1. Uncertainty may be attributed to temporary human ignorance. Exact
laws will eventually be discovered.
2. Uncertainty may be attributed to inherent experimental or conceptual
limitations. The atom in itself is forever inaccessible to us.
3. Uncertainty may be attributed to indeterminacy in nature. There are
alternative potentialities in the atomic world.
The three positions parallel the three epistemological positions of the
preceding section. The first is classically realist (in epistemology) and
deterministic (in metaphysics). The second is instrumentalist and
agnostic about determinism; we can never know how the atom itself
behaves between observations. The third, which I defend, is critically
realist and indeterministic. Let us look at each of these interpretations.10
1. Uncertainty as Human Ignorance
Some of our uncertainties reflect our lack of knowledge about systems
that conform to precise laws. Kinetic theory assumed that the motion of
gas molecules is precisely determined but is too complicated to
calculate. The uncertainty was thought to be entirely subjective,
representing incompleteness of information. A minority of physicists,
including Einstein and Planck, have maintained that the uncertainties of
quantum mechanics are similarly attributable to our present ignorance.
They believed that detailed subatomic mechanisms are rigidly causal
and deterministic; someday the laws of these mechanisms will be found
and exact prediction will be possible.
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Einstein wrote, "The great initial success of quantum theory cannot
convert me to believe in that fundamental game of dice. . . . I am
absolutely convinced that one will eventually arrive at a theory in which
the objects connected by laws are not probabilities but conceived
facts."11 Einstein expressed his own faith in the order and predictability
of the universe, which he thought would be marred by any element of
chance. "God does not play dice," he said. As we saw, Einstein was a
classical realist, holding that the concepts of classical physics must
"refer to things which claim real existence independent of perceiving
subjects."
David Bohm has tried to preserve determinism and realism by
constructing a new formalism with hidden variables at a lower level.
The apparent randomness at the atomic level would arise from
variations in the concurrence of exact forces at the postulated subatomic
level.12 So far his calculations yield no empirical conclusions differing
from those of quantum mechanics, though Bohm hopes that in the future
hidden variables may play a detectable role. Most scientists are dubious
about such proposals. In the absence of any clear experimental evidence,
the defense of determinism rests largely on philosophical grounds.
Unless someone can actually develop an alternative theory that can be
tested, they say, we had better accept the probabilistic theories we have
and give up our nostalgia for the certainties of the past.
2. Uncertainty as Experimental or Conceptual Limitations
Many physicists assert that uncertainty is not a product of temporary
ignorance but a fundamental limitation permanently preventing exact
knowledge of the atomic domain. The first version of this position,
found in the early writings of Bohr and Heisenberg, claims that the
difficulty is an experimental one; the uncertainty is introduced by the
process of observation. Suppose that we want to observe an electron. To
do so we must bombard it with a quantum of light, which disturbs the
situation we were attempting to study. The disturbance of the system is
unavoidable, since there must be at least a minimal interaction of the
observer and the observed. Although this interpretation fits many
experiments, it appears unable to account for uncertainties when nothing
is done to disturb the system -- for example, the unpredictability of the
time at which a radioactive atom spontaneously disintegrates or the time
at which an isolated atom makes a transition from an excited state.
The second version of the argument attributes uncertainty to our
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inescapable conceptual limitations. By our choice of experimental
situations we decide in which of our conceptual schemes (wave or
particle, exact position or exact velocity) an electron will manifest itself
to us. The structure of the atomic world is such that we must choose
either causal descriptions (using probability functions that evolve
deterministically) or spatiotemporal descriptions (using localized
variables that are only statistically connected) -- but we cannot have
both at once. This interpretation is agnostic as to whether the atom
itself, which we can never know, is determinate or indeterminate
(though a particular author expounding it may on other grounds favor
one assumption or the other). As indicated above, many physicists since
Bohr have been instrumentalists, though I have claimed that he himself
was closer to critical realism.
3. Uncertainty as Indeterminacy in Nature
In his later writings, Heisenberg held that indeterminacy is an objective
feature of nature and not a limitation of human knowledge.13 Such a
viewpoint would accord with the critical realism I have advocated in
which scientific theories are held to be representations of nature, albeit
limited and imperfect ones. These limitations help to remind us that the
denizens of the atomic realm are of a very different sort from the objects
of everyday experience -- but this does not mean that they are less real.
Instead of assuming that an electron has a precise position and velocity
that are unknown to us, we should conclude that it is not the sort of
entity that always has such properties. Observing consists in extracting
from the existing probability distribution one of the many possibilities it
contains. The influence of the observer, in this view, does not consist in
disturbing a previously precise though unknown value, but in forcing
one of the many existing potentialities to be actualized. The observer’s
activity becomes part of the history of the atomic event, but it is an
objective history, and even the spontaneously disintegrating atom, left to
itself, has its history.
If this interpretation is correct, indeterminacy characterizes the world.
Heisenberg calls this "the restoration of the concept of potentiality." In
the Middle Ages the idea of potentiality referred to the tendency of an
entity to develop in a particular way. Heisenberg does not accept the
Aristotelian manner of describing a potentiality as a striving to attain a
future purpose, but he does suggest that the probabilities of modern
physics refer to tendencies in nature that include a range of possibilities.
The future is not simply unknown. It is "not decided." More than one
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alternative is open and there is some opportunity for unpredictable
novelty. Time involves a unique historicity and unrepeatability; the
world would not repeat its course if it were restored to a former state, for
at each point a different event from among the potentialities might be
actualized. Potentiality and chance are objective and not merely
subjective phenomena.
A more exotic version of objective indeterminacy is Hugh Everett’s
many-universes interpretation. Everett proposed that every time a
quantum system can yield more than one possible outcome, the universe
splits into many separate universes, in each of which one of these
possible outcomes occurs.14 We happen to be in the universe in which
there occurs the outcome that we observe, and we have no access to the
other universes in which duplicates of us observe other possibilities.
Since there are many atoms and many quantum events each second, the
universe would have to divide into a mind-boggling proliferation of
universes. Moreover, the theory seems to be in principle untestable,
since we have no access to other universes containing the potentialities
unrealized in ours. It seems much simpler to assume that potentialities
not actualized in our universe are not actualized anywhere. Then we
would have one universe which is objectively indeterminate.
In any case, adherents of the second and third of these basic positions -which between them include by far the majority of contemporary
physicists -- agree in rejecting the determinism of Newtonian physics,
even if they do not agree on their reasons for doing so.
3. Parts and Wholes
Beyond the challenges to realism and determinism, quantum theory calls
into question the reductionism of classical physics. We have already
discussed the inseparability of observer and observed and the need to
consider both the experimental apparatus and the atomic system. But the
necessity of talking about wholes is also evident in many other ways.
It was once thought that protons, neutrons, and electrons were
indivisible, the basic building blocks of matter. During the 1950s and
1960s, experiments with high-energy accelerators produced a variety of
other types of particles, each with distinctive mass, charge, and spin,
some existing for only a billionth of a second or less. Systematic order
within this zoo of strange particles appeared when it was proposed in
1963 that they are all composed of even smaller particles dubbed
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quarks. There seem to be only a few types of quarks (arbitrarily
identified by "flavors" and "colors") and a few simple rules for the ways
they can combine. But quarks are a strange type of "component": free
quarks have never been observed, and it appears that a quark cannot
exist alone, according to the theory of quark confinement. A proton is
made up of three quarks, for example, but if you try to separate them
you need a great deal of energy and you end by creating more quarks,
which combine with the ones you already had to make new protons and
other particles. Quarks are parts that apparently cannot exist except in a
larger whole.15
The various "elementary particles" composed of quarks, seem to be
temporary manifestations of shifting patterns of waves that combine at
one point, dissolve again, and recombine elsewhere. A particle begins to
look more like a local outcropping of a continuous substratum of
vibratory energy. A force between two particles (protons, for example)
can be thought of as arising from a field or from a rapid exchange of
other kinds of particles (mesons, in this case). A bound electron in an
atom has to be considered as a state of the whole atom rather than as a
separate entity. As more complex systems are built up, new properties
appear that were not foreshadowed-in the parts alone. New wholes have
distinctive principles of organization as systems and therefore exhibit
properties and activities not found in their components.
Consider the helium atom, composed of two protons and two neutrons
(in its nucleus) and two orbital electrons. In the planetary model it was
pictured as a nucleus around which circled two separate identifiable
electrons; the atom’s parts were clearly distinguishable, and the laws of
its total behavior were derivable from analysis of the behavior of these
components. But in quantum theory the helium atom is a total pattern
with no distinguishable parts. Its wave function is not at all the sum of
two separate single-electron wave functions. The electrons have lost
their individuality; we do not have electron A and electron B but simply
a two-electron pattern in which all separate identity is lost. (In the
statistics of classical physics, an atom with A in an excited energy state
and B in a normal state counts as a different configuration from the atom
with A and B interchanged, but in quantum theory it does not.)
In the case of helium and more complex atoms with additional electrons,
we find that their configurations are governed by the Pauli Exclusion
Principle, a law concerning the total atom that cannot conceivably be
derived from laws concerning individual electrons. The principle states
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that in a given atom no two electrons can be in identical states (with the
same quantum numbers specifying energy, angular momentum, and
spin). To this remarkable and far-reaching principle can be attributed the
periodic table and the chemical properties of the elements. When
another electron is added to a given atom, it must assume a state
different from all electrons already present. If one used classical
reasoning, one would have to assume that the new electron is somehow
influenced by all the other electrons; but this "exclusion" does not
resemble any imaginable set of forces or fields. In quantum reasoning
any attempt to describe the behavior of the constituent electrons is
simply abandoned; the properties of the atom as a whole are analyzed by
new laws unrelated to those governing its separate "parts," which have
now lost their identity. A bound electron is a state of the system, not an
independent entity.16
The energy levels of an array of atoms in the solid state (such as a
crystal lattice) are a property of the whole system rather than of its
components. Again, some of the disorder-order transitions and the socalled cooperative phenomena have proved impossible to analyze
atomistically -- for example, the cooperation of elementary magnetic
units when a metal is cooled or the cooperative behavior of electrons in
a superconductor. Such situations, writes one physicist, "involve a new
organizing principle as we proceed from the individual to the system,"
which results in "qualitatively new phenomena." There seem to be
system laws that cannot be derived from the laws of the components;
distinctive explanatory concepts characterize higher organizational
levels.17 Interpenetrating fields and integrated totalities replace selfcontained, externally related particles as fundamental images of nature.
The being of any entity is constituted by its relationships and its
participation in more inclusive patterns. Without such holistic quantum
phenomena we would not have chemical properties, transistors,
superconductors, nuclear power, or indeed life itself. Such holism
contrasts with the reductionism of Newtonian physics.
4. Bell’s Theorem
Some recent experiments have thrown further light on the relation
between the three classical assumptions -- realism, determinism, and
reductionism. In 1935, Einstein, Podolsky, and Rosen (EPR) proposed a
type of experiment that has become possible to carry out only in the last
few years.18 In one version, a two-proton system splits up into two
protons, A and B, which fly off in opposite directions, say left and right.
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If the system initially had total spin zero, conservation laws require that
the spin of B is equal and opposite to that of A. The spin of A has an
equal probability of being oriented in any direction. If a directionally
sensitive detector is placed perpendicular to the flight path at some
distance to the left, one can measure a particular component of the spin
of A. One can then predict the precise value of the corresponding
component of the spin of B (namely, equal and opposite), which can be
measured with a second detector at the right.
Quantum theory describes each proton in flight as a mixture of waves,
representing with equal probability various possible spin orientations.
Each set of waves collapses to a single value only when a measurement
is made. But B will behave differently according to what one chooses to
measure on A. How can B know which component of A’s spin one will
choose to measure? Einstein argued that while in flight B’s spin must
already have had a definite value, not a probability distribution.
Einstein made two assumptions: (1) classical realism (individual
particles possess definite classical properties at all times, even when we
are not observing them), and (2) locality (no causal influence can be
transmitted between two isolated systems faster than the speed of light,
which we will see shortly is a limit set by relativity theory). Einstein
concluded from his "thought experiment" that the probability
descriptions of quantum theory must be incomplete, and that there must
be hidden variables in each of the traveling particles, determining a
particular outcome.
Bohr replied that Einstein’s form of realism was misguided because we
cannot talk about the property of a particle except in relation to a
measuring process. In particular, we must think of the two particles and
the two detectors as a single indivisible experimental situation. The
wave function encompasses both particles, even though they are distant
from each other. We have seen that Bohr also asserted the inescapability
of indeterminacy. Bohr and Einstein had protracted arguments over
these and other proposed experiments, which strained their earlier
friendship. Neither was able to convince the other.
In 1965 John Bell calculated the statistical correlation one would expect
between the two detectors (as a function of their relative orientations) if
Einstein’s assumptions are correct. Recent experiments by Alain Aspect
and others (using photons rather than protons) have not been consistent
with these expectations, indicating that one of Einstein’s assumptions is
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incorrect. ma "delayed choice" version of the experiment in 1983,
Aspect was able to switch the orientation of the left detector at the last
minute while the photons were in flight -- too late for any signal to reach
the right photon before it arrived at its detector.19 The photons behaved
as if there were some communication between them, but they were too
far apart to communicate in the time available. Classically realistic local
theories seem to be ruled out by these experiments.
Most physicists conclude that we should follow Bohr here, giving up
classical realism and keeping locality (the finite limit on the speed with
which any influence can be transmitted). They insist that particles A and
B originated in one event and must be regarded as a single system even
when they are far apart. The quantum wave function must include both
particles. Only after an observation can they be regarded as having
separate identities and independent existence. But it is possible to
maintain a critical realism concerning the probabilistic whole while
abandoning classical realism concerning the separate parts. Thus the
physicist Paul Davies concludes, "The system of interest cannot be
regarded as a collection of things, but as an indivisible, unified
whole."20 Polkinghorne writes; "Quantum states exhibit an unexpected
degree of togetherness. . . . The EPR experiment points to a surprisingly
integrationist view of the relationship of systems which have once
interacted with each other, however widely they may subsequently
separate."21
Another option is to keep classical realism and give up locality. Among
defenders of realistic nonlocal theories are Bell and David Bohm. We
mentioned earlier Bohm’s idea that hidden variables could preserve
determinism. He has developed the equations for a quantum potential
that acts as a kind of instantaneous pilot wave guiding particles;
statistical variations arise from fluctuations of hidden variables. The
quantum potential incorporates encoded information about both local
and distant events and does not fall off with distance. Bohm holds that
there is a holistic underlying implicate order whose information unfolds
into the explicate order of particular fields and particles. One analogy he
uses is a TV signal with information enfolded in an electromagnetic
wave, which the TV receiver unfolds as a visual image. Another analogy
is a holographic photograph, of which every part has three-dimensional
information about the whole object photographed. If you cut the
hologram into small pieces, you can unfold the whole image by
illuminating any piece of it with laser light. The scheme is deterministic
because entities in the explicate order are not self-determining but are
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expressions of the underlying implicate order.22
Bohm’s scheme shows a dramatic wholeness by allowing for nonlocal,
noncausal, instantaneous connections. Events separated in space and
time are correlated because they are unfolded from the same implicate
order, but there is no direct causal connection between them since one
event does not itself influence another event. It is like two TV screens
showing images of a moving object taken from different angles; the two
images are correlated, but one image does not influence the other. The
scheme does not violate the relativistic prohibition of signals faster than
the speed of light, for there is no way to use it to send a signal from one
detector to the other. (We can not control the orientation of particle A,
which arrives at random. The statistical correlation only shows up in the
later comparison of the records from the two detectors.)23
Most physicists acknowledge that Bohm’s view is consistent with these
experiments, but they are reluctant to abandon Bohr’s view until there is
experimental evidence against it. The development of quantum potential
theory by Bohm and his coworkers may lead to distinctive testable
predictions, but it has not done so to date.
In sum, Einstein’s classically realist, determinist, and local interpretation
seems to be ruled out by the Aspect experiments. Bohm’s theory, with
Its classical realism, determinism, and extreme nonlocal holism, cannot
yet be experimentally distinguished from standard quantum theory. The
instrumentalists claim that we cannot say anything about the world
between observations and therefore questions about determinism and
holism should be dismissed as meaningless. I have advocated a
combination of critical realism, indeterminacy, and a more limited form
of holism, and I have suggested that Bohr himself was closer to this
view than to instrumentalism.
II. Relativity and Thermodynamics
Before examining the metaphysical implications of quantum theory, let
us consider the other major revolution in twentieth-century physics,
Einstein’s theory of relativity. We will then look briefly at
nonequilibrium thermodynamics, which raises some interesting
questions about the emergence of order from disorder.
1. Space, Time and, Matter
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For Newton and throughout classical physics, space and time are
separable and absolute. Space is like an empty container in which every
object has a definite location. Time passes uniformly and universally,
the same for all observers. The cosmos consists of the total of all such
objects in space at the present moment, which is a simultaneous and
shared "now." The length and mass of an object are unchanging,
intrinsic, objective properties, independent of the observer. All of this is
close to our everyday experience and common-sense assumptions, but it
is challenged by relativity.
In 1905, at the age of twenty-six, Einstein wrote his first paper
proposing special relativity. The search for symmetry in the equations
for moving electromagnetic fields, along with the Michaelson-Morley
experiments with light, led him to postulate the constancy of the velocity
of light for all observers. This hypothesis had unexpected and farreaching implications. Imagine that an observer at the middle of a
moving railway train sends light signals, which reach the equidistant
front and rear of the train at the same instant. For an observer on the
ground, the signals travel different distances to the two ends (since the
train moves while the signals are traveling); therefore if the signals
travel at constant velocity in his framework they must arrive at different
times. The two events are simultaneous in one frame of reference but not
in the other. The effect would be very small with a train but would be
large with a space rocket or a high-energy particle approaching the
velocity of light.24
There is also a time dilation, which has been confirmed in many
experiments. For example, a mu-meson has a lifetime of 2
microseconds. But if it is traveling at very high velocity in a circular
orbit in an accelerator, its lifetime as measured on the ground will be
much longer, and it will go around many more times than one would
expect. Measurements of mass and length as well as time vary according
to the frame of reference. The mass of a particle, such as the circulating
meson, becomes much larger as its velocity relative to the measuring
apparatus approaches the velocity of light. Lengths contract, so a
moving object appears much shorter in the direction of motion (though
from the moving object, it is the other objects that appear compressed).
The theory also predicts the equivalence of mass and energy (E = mc2,
confirmed in the atomic bomb explosion), and also the creation and
annihilation of matter and antimatter (confirmed in the creation and
mutual annihilation of electron-positron pairs).
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Because there is no universal simultaneity and no common present
separating past and future, the division between past and future will
vary among observers. Some events, which are past for one observer,
may still be future for other observers. However, for any two events that
could be causally connected (a light signal could pass between them),
the order of before and after is the same for all possible observers. No
one could conclude that an effect preceded its cause. There is no way to
influence the past or to change history. People could leave the earth on a
spaceship in the year 2000, travel at high velocity for five years, and
return to earth five years older to find themselves in the year 3000. But
there is no way they can go back to the year 1000. ("Time travel" works
only in one direction, so no one will face the science fiction question of
what would happen if you went back and killed one of your ancestors.)
Space and time, then, are not independent but are united in a spacetime
continuum. The spatial separation of two events varies according to the
observer, and the temporal separation also varies, but the two variations
are correlated in a definite way. Different observers "project" spatial and
temporal dimensions of the four-dimensional spatiotemporal interval in
different ways, but each can calculate what the other will be observing.
There are rules for translating into equivalent relationships in another
frame of reference.
In 1915, Einstein went on to develop the general theory of relativity,
extending his earlier ideas to include gravity. He reasoned that an
observer in a windowless elevator or spaceship cannot tell the effects of
a gravitational field from the effects of accelerated motion. From this he
concluded that the geometry of space is itself affected by matter.
Gravity bends space, giving it a four-dimensional curvature (here the
fourth dimension is spatial rather than temporal, and it is reflected in the
altered geometry of three-dimensional space). As John Wheeler puts it,
"Space tells matter how to move, and matter tells space how to curve."25
Dramatic confirmation was obtained in 1919, when it was observed
during an eclipse that light rays from distant stars were slightly bent by
the sun’s gravitational field. Time is also shrunk by gravity, and clocks
slow down as they do from relative motion. In 1959, very accurate
experiments at Harvard showed that a photon traveling from the
basement of a building to the top floor changes its frequency slightly
because of the difference in gravitational field.
One of the most striking conclusions from general relativity is that the
universe may be finite, curved, and unbounded (that is, closed) rather
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than infinite (that is, open). If so, a person setting out from the earth into
space in one direction would return eventually from the opposite
direction. As we will see in the next chapter, it is not clear from present
evidence whether there is sufficient matter in the universe for space to
be closed rather than open. But what has been clear since Hubble’s redshift measurements is that space itself is everywhere expanding. The
present motion indicates the expansion of all parts of the universe from
a common explosion 15 billion years ago. This was not the explosion of
matter into a preexisting void, but the expansion of space itself.
2. The Status of Time
Let me first discuss three claims supposedly based on relativity that
seem to me dubious.
1. "Time is illusory and events are determined." We can draw graphs
showing time as if it were another spatial dimension. It is sometimes
said that we can represent the cosmos as a static spatiotemporal block
that different observers "project" as spatial and temporal dimensions in
differing ways. Taken as a whole, the block does not ‘happen"; it just
"is." In reply, I would insist that temporal change does occur in every
frame of reference. We should speak of "the temporalization of space"
rather than "the spatialization of time."26 Dynamic events, not
unchanging substances, are now taken to constitute reality. It may
appear deterministic to say that what is future for one observer is
already past (and therefore "determined") for another observer. But this
is not true for causally related events, among which futurity is shared.
Special relativity and quantum theory have been combined in relativistic
quantum theory, in which indeterminacies become determinate only
with the passage of time.
2. "Reality is mental." Length, mass, velocity, and time, once thought to
be objective, primary properties of objects in themselves, are now
known to be relative to the observer. This has sometimes been taken as
evidence that the human mind forms the reality of the world. But the
"frame of reference of the observer" does not require a human mind. It
might consist of clocks and meter sticks and measuring devices that
could be recorded by an automatic camera. The mesons circulating in an
accelerator are "observed" by Geiger counters connected to computer
printouts. The lesson here is interconnectedness, not the pervasiveness
of consciousness or mentality.
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3. "Relativity supports relativism." Science is said to have shown that
everything is relative and there are no absolutes, and this has been cited
in support of moral and religious relativism. But the claim is dubious
even in physics. Many absolutes have been given up (space, time, mass,
and so forth), but there are new ones. The velocity of light is absolute,
and the spacetime interval between two events is the same for all
observers. Everyone carries their own clock and their own time zone,
but the order of causally related events does not change. Moreover,
Einstein took pains to show that while phenomena do vary among
frames of reference, the laws of physics are invariant among them.
There is a core of relationships which is not observer-dependent, though
it is described from multiple points of view.27
In relativity there is greater diversity among observations than in
classical physics, but there is an underlying unity. In the previous
chapter, I asked whether there is any such underlying unity among
diverse religious traditions, any invariants in religious experience, any
equivalencies in translating from one tradition to another. In that context
I sought a middle path between an unequivocal absolutism and a total
relativism -- a path not unlike that in relativistic physics, though
obviously not expressed in mathematical equations.
If we reject these three dubious claims, does relativity have other
metaphysical implications that can be defended? Yes, it shows us a
dynamic and interconnected universe. Space and time are inseparable,
mass is a form of energy, and gravity and acceleration are
indistinguishable. There is an interplay between the dynamics of matter
and the form of space, a dialectic between temporal process and spatial
geometry. Matter is, if you will, a wrinkle in the elastic matrix of
spacetime. Instead of separate enduring things, externally related to each
other, we have a unified flux of interacting events. Gravity and quantum
theory have not yet been united, but physicists are currently working on
such a supertheory in which electromagnetic, nuclear, and gravitational
forces will be shown to be forms of one basic force. Along with this
wholeness and interdependence, however, relativity introduces a new
form of separateness and isolation. It takes time for connections to be
effective, so we are momentarily alone in each present. There are some
regions of space so distant that it take billions of years for a signal to
reach us from them. We are isolated from most of the universe for
incredibly long stretches of time.
Does relativity provide any analogies for talking about God? Perhaps it
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can help us to imagine God as omnipresent yet superspatial. Karl Heim
speaks of God and selfhood as other "spaces" and "in another
dimension." The same set of events can be differently ordered in
different spaces. Spaces are concurrent frameworks with
incommensurable dimensions; they permeate each other without
boundaries.28 Heim is extending terms from relativity as analogies for
religious thought, not making direct inferences from science.
A further question is raised by the fact that apparently there can be no
physical communication faster than the velocity of light. Do we say that
God has an array of local projects in isolated parts of the universe? Or is
God timeless and eternal, transcending time as well as space? I suggest
that God is omnipresent and, knows all events instantaneously. The
limitation on the speed of transmission of physical signals between
distant points would not apply, since God is immanent at all points and
in all events. God is neither at rest nor in motion relative to other
systems. We would have to assume that God influences an event in
terms of the pattern of events relevant to its situation and its causal past,
which, of course, is uniquely defined for all frames of reference.29
3. Order and Disorder
In classical and relativistic physics, all interactions are exactly
reversible in time. If you are watching a film of colliding billiard balls,
and the film is alternatively run forward and backward, you cannot tell
which direction was the original, since both sets of motions obey the
laws of mechanics. But in phenomena among large numbers of particles
there is an irreversible change from order to disorder, which indicates
the directionality of time. A bottle of perfume is opened and the scent
fills the room; the molecules do not spontaneously return from the room
to the bottle. A bomb explodes and scatters its fragments, dissipating
heat to the surroundings; the reverse does not occur. Past and future are
here clearly distinguishable.
The Second Law of Thermodynamics expresses this change: in every
closed system there is an increase of entropy, which is a measure of
disorder. A high-entropy disordered system has high probability
(because there are many arrangements of the constituents by which it
can be achieved) and low information content (since it appears random).
An ordered system, by contrast, has lower entropy, lower probability,
and higher information content. In closed systems, order and
information are dissipated over time. On a cosmic scale this is referred
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to as the "running down" of the universe. Energy becomes less available
as temperature differences come to an equilibrium.
Living systems have a high degree of order and information. They have a
very low probability of occurring from the random assembly of their
constituent atoms or molecules. How, then, could they have come into
existence in evolutionary history? And how can a living system grow
and maintain itself today? Living organisms do not violate the Second
Law because they are open rather than closed systems. They receive a
constant inflow of materials and energy from the environment, deriving
primarily from the sun’s energy. An organism is a relatively stable selfmaintaining system, an island of high local order drawing on the order
of its wider environment. A local change in entropy is paid for by a
change in entropy elsewhere. 30
In chapter 6 we will ask about the evolutionary origin of life. But
already within physics we find some interesting examples of the
emergence of higher levels of order in self-organizing systems. Most
physical systems will return to the most probable, disordered,
equilibrium state if disturbed from it. But sometimes, if they are
unstable and far from equilibrium, a new level of collective order will
appear and achieve a stable form. Ilya Prigogine won a Nobel Prize for
his work on nonequilibrium thermodynamics. One of his examples is the
appearance of a vortex in the turbulence of a flowing river. Again,
complex patterns of convection cells are formed in the circulation of a
fluid heated from below. In such cases a small fluctuation is amplified
and leads to a new and more complex order, which resists further
fluctuations and maintains itself with a throughput of energy from the
environment. Sometimes there is a "bifurcation of paths" (for example,
the convection cells can go clockwise or counterclockwise). The choice
of paths seems to be the result of very small chance fluctuations.31
Prigogine has analyzed many inanimate self-organizing systems in
which disorder at one level leads to order at a higher level, with new
laws governing the behavior of structures showing new types of
complexity. Randomness at one level leads to dynamic patterns at
another level. In some cases the new order can be predicted by
considering the average or statistical behavior of the myriad
components. But in other cases, Prigogine shows, there are many
possible outcomes, and no unique prediction can be made. Multiple
divergent solutions arise from these nonlinear instabilities. The
formation of such self-organizing, self-perpetuating systems at the
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molecular level was perhaps the first step in the emergence of life. As in
quantum theory, there seems to be a complex interplay of law and
chance; here, too, we must look at larger wholes and higher levels of
organization and not just at the component parts. Once again,
determinism and reduction are called into question.
III. Metaphysical Implications
In the last two decades a proliferation of claims has arisen alleging that
physics has far-reaching metaphysical implications. Some authors claim
that quantum physics has demonstrated the mental character of reality.
Quantum indeterminacy is also said to be compatible with life, human
freedom, and God’s action, as Newtonian determinism was not. Other
authors have delineated parallels between contemporary physics and
Eastern mysticism.
1. The Role of Mind
Associated with physics has been a long tradition of philosophical
idealism, the belief that reality is essentially mental in character. The
Pythagoreans held that mathematical relationships are the underlying
reality of nature. The Platonists took nature to be an imperfect reflection
of another realm of perfect eternal forms. Both these themes were
expressed in the writings of Kepler and Copernicus at the dawn of
modern science. In the eighteenth century, Kant and his successors held
that the structures of time, space, and causality are categories of human
thought, which we impose on nature; we can never know things as they
are in themselves.
New versions of idealism have claimed support from modern physics.
Writing in the 1930s, James Jeans said, "The universe begins to look
more like a great thought than like a great machine. Mind no longer
appears as an accidental intruder in the realm of matter."32 Arthur
Eddington assigned the determinative influence in all knowledge to the
human mind. He pictures us following footsteps in the sand, only to
discover that the tracks are our own. We impose our own patterns of law
so that "the mind may be regarded as regaining from Nature that which
the mind has put into Nature."33 In relativity, all the basic properties of
objects, such as length, time, and mass, are relative to the observer. This
has sometimes been cited as evidence of the priority of mind over
matter, though as indicated earlier I am critical of this claim.
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In quantum physics, the connection between theory and experiment is
very indirect. Instrumentalists stressed the experimental side, arguing
that theories are only useful fictions for correlating observations. But
other scientists, focusing on the theoretical concepts, which are abstract
and mathematical, found encouragement for idealistic interpretations.
One major problem is the act of measurement, in which the multiple
potentialities of an atomic system become one actuality. Physicists have
been puzzled by the sharp discontinuity that occurs when the wave
function (the "superposition of states" representing alternative
outcomes) collapses to the one value that is observed. Along the route
between the microsystem and the human observer, where does the
initially indeterminate result get fixed? Bohr held that it is fixed when
the system is large enough that the interaction is irreversible, namely
when the measuring apparatus is affected. As experimenters we choose
the apparatus, and this, too, influences the outcome. But critics pointed
out that the apparatus is made up of atoms; in principle we could write a
gigantic wave equation to describe both the apparatus and the
microsystem. What would collapse that wave function?
The physicist Eugene Wigner holds that quantum results are fixed only
when they enter somebody’s consciousness. "It is not possible to
formulate the laws in a fully consistent way without reference to
consciousness."34 He maintains that the distinctive feature of human
consciousness, which causes the wave function to collapse, is
introspection or self-reference; consciousness can give an account of its
own state, cutting the chain of statistical coordinations. But why then do
two different observers agree on the result of a quantum experiment?
Another physicist, John Wheeler, asserts that this is an observer-created
universe. The collapse of the wave function is the product of
intersubjective agreement in which the key feature is not consciousness
but communication. He argues that the past has existence until it is
recorded in the present. He tells the story of a conversation among three
baseball umpires. One says, "I calls ‘em as I see ‘em." The second
claims, "I calls em as they really are." The third replies, "They ain’t
nothin’ until I calls em." As observers of the Big Bang and the early
universe, says Wheeler, we have helped to create those events. Before
there were observers, atoms were only partially individuated; they had
enough reality to enter chemical reactions but were not fully real until
they were later observed. He grants that it seems an anomaly that the
present could influence the past, but he says that, in the quantum world
of indeterminacy and acausality, ideas of before and after are
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meaningless. The past has no meaning unless it exists as a record in the
present. So human beings are central in a participatory and observerdependent universe.35
I do not find these interpretations of quantum physics convincing.
Surely it is not mind as such that affects observations, but the process of
interaction between the detection apparatus and the microsystem. The
experimental results might be automatically recorded on film or on a
computer printout, which no one looks at for a year. How could looking
at the film or printout alter an experiment that has been recorded for a
year? The Wheeler view seems very strange, for observers of the Big
Bang are themselves products of the evolution of the cosmos, which
included billions of years when there was no human consciousness and
no observers. This is an unambiguous before and after in evolutionary
history, and atoms that affect subsequent evolutionary events must
surely be considered fully real.
The Bell’s Theorem experiments, in which there is a correlation of
distant events, have sometimes been cited as evidence of instant
communication and hence as supporting the plausibility of mental
telepathy. But I have indicated that the experiment does not imply that a
signal or other communication can be transmitted instantaneously or
faster than the speed of light. In all these cases the lesson to be learned
is that phenomena in the world are interdependent and interconnected,
not that they are mental in character or intrinsically dependent on the
human mind.
2. Life, Freedom, and God
Is there any connection between atomic-level indeterminancy and
biological life, human freedom, or God’s action in the world? These
questions will all be discussed in later chapters but may be briefly
considered here.
1. Biological Life
Quantum theory is the basis of the periodic table and the properties of
the chemical elements and molecular bonds, without which there could
be no life. But indeterminacy at first appears irrelevant to phenomena at
the level of a living cell containing millions of atoms, among which
statistical fluctuations will tend to average out. Quantum equations give
exact predictions for large ensembles, though not for individual events.
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Moreover, atoms and molecules have an inherent stability against small
perturbations, since at least a quantum of energy is required to change
their states. However in many biological systems individual microevents
can have macroconsequences. Even in nonequilibrium thermodynamics,
small random changes can have large-scale effects. One mutation in a
single component of a genetic sequence can change evolutionary
history. In the nervous system and the brain, a microevent can trigger
the firing of a neuron whose affects are amplified by the neural network.
Holmes Rolston portrays the interaction patterns between cells and
atoms: "The macromolecular system of the living cell, like the
physicist’s apparatus, is influencing by its interaction patterns the
behavior of the atomic systems... There is a kind of downward causation
that complements an upward causation, and both feed on the openness,
if also the order, in the atomic substructures."36 Rolston says that
"biological events are superintending physical ones." Physics leaves out
this "upstairs control" but it does allow for a looseness among the lowerlevel parts. He broadens this analysis to include the action of the mind
and human freedom:
If we turn from the random element of indeterminacy to the
interaction concept also present, we gain a complementary
picture. We are given a nature that is not just indeterminate in
random ways, but is plastic enough for an organism to work its
program on, for a mind to work its will on. Indeterminacy does
not in any straightforward way yield either function, purpose, or
freedom, as critics of too swiftly drawn conclusions here are
right to observe. Yet physics is, as it were, leaving room in
nature for what biology, psychology, social science, and religion
may want to insert, those emergent levels of structure and
experience that operate despite the quantum indeterminacies and
even because of them. We gain space for the higher phenomena
that physics has elected to leave out.37
2. Human Freedom
Clearly we cannot identify freedom with randomness. Within physics,
the only alternatives are determinate cause and indeterminate chance,
and neither can be equated with freedom. But several physicists have
asserted that whereas Newtonian determinism excluded human freedom,
quantum indeterminacy at least allows for it. They have usually assumed
a mind/body dualism; they suggest that a free immaterial mind can
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determine the behavior of brain atoms which would otherwise be
indeterminate.
In place of such a dualism I shall defend the idea of levels of
organization and activity. Human experience as an integrated event
shows a new type of unpredictability derived not from atomic
indeterminacy but from its unitary activity at a higher level. Atomic
indeterminacy and human freedom are not, on this view, directly related
to each other, and they occur on quite different levels. Coordinated
individual events at various levels have multiple potentialities, but only
at the level of human selfhood is there freedom in which choices are
made in terms of present motives, future goals, and moral ideals. We
can talk about freedom only in relation to a model of selfhood that
includes past conditioning, continuity of character, personal decision,
and individual responsibility.
3. God’s Action in the World
Some authors have suggested that atomic indeterminacies are the
domain in which God providentially controls the world. William
Pollard, a physicist and priest, has proposed that such divine action
would violate no natural laws and would not be scientifically detectable.
God, he says, determines which actual value is realized within the range
of a probability distribution. The scientist can find no natural cause for
the selection among quantum alternatives; chance, after all, is not a
cause. The believer may view the selection as God’s doing. God would
influence events without acting as a physical force. Since an electron in
a superposition of states does not have a definite position, no force is
required for God to actualize one among the set of alternative
potentialities. By a coordinated guidance of many atoms, God
providentially governs all events. God, not the human mind, collapses
the wave function to a single value.38
Pollard’s proposal is consistent with current theories in physics. God
would be the ultimate nonlocal "hidden variable." But I have three
objections to his ideas: (1) Pollard asserts divine sovereignty as total
control over all events, and he defends predestination. This seems to me
incompatible with human freedom and the reality of evil. It also denies
the reality of chance, which becomes only a reflection of human
ignorance of the true divine cause. (2) For Pollard, God’s will is
achieved through the unlawful rather than the lawful aspects of nature.
This may be a needed corrective to deism’s opposite emphasis, but it
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seems equally one-sided. (3) There is an implicit reductionism in
assuming that God acts at the lowest level, that of the atomic
components. Do we not want to allow also for God’s influence on
higher levels, "from the top down" rather than "from the bottom up"?
Isn’t God related to the integrated human self, for example, and not just
to the atomic events in the brain?
Arthur Peacocke takes quantum effects to be only one example of
chance, which occurs at many points in nature. Moreover, he portrays
God as acting through the whole process of chance and law, not
primarily through chance events. God does not predetermine and control
all events; chance is real for God as it is for us. The creative process is
itself God’s action in the world. We will examine this view in detail in
chapter 6.
3. Physics and Eastern Mysticism
Several volumes have appeared in the 1970s and 1980s claiming close
parallels between contemporary physics and Eastern mysticism.39 The
most influential and widely read of these is Eritjof Capra’s The Tao of
Physics, which starts by setting forth epistemological parallels.
According to Capra, both physics and Asian religions recognize the
limitations of human thought and language. Paradoxes in physics, such
as the wave/particle duality, are reminiscent of the yin/yang polarity in
Chinese Taoism, which portrays the unity of apparent opposites; Bohr
himself put the yin/yang symbol at the center of his coat of arms. Zen
Buddhism asks us to meditate on koans, the famous paradoxical sayings
to which there is no rational solution. Capra also says that mind plays an
essential role in the construction of reality: "Ultimately, the structures
and phenomena we observe in nature are nothing but the creations of
our measuring and categorizing minds."40 He also cites Wigner’s
assertion that quantum variables have no definite values until the
intervention of human consciousness.
The wholeness of reality is another theme Capra finds in both cases.
Quantum physics points to the unity and interconnectedness of all
events. Particles are local disturbances in interpenetrating fields. In
relativity, space and time form a unified whole, and matter-energy is
identified with the curvature of space. Eastern thought likewise presents
the unity of all things and speaks of the experience of undifferentiated
oneness encountered in the depth of meditation. There is one ultimate
reality, referred to as Brahman in India and the Tao in China, with
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which the individual is merged. The new physics says that the observer
and the observed are inseparable, much as the mystic tradition envisages
the union of subject and object.
Next, both physics and Eastern thought are said to see the world as
dynamic and ever-changing. Particles are patterns of vibration that are
continually being created and destroyed. Matter appears as energy and
vice versa. Asian religions hold that life is transitory, all existence is
impermanent and in ceaseless motion. The dance of Shiva is an image of
the cosmic dance of form and energy. But in both fields there is also an
underlying timeless realm. Capra maintains that in relativity spacetime
is timeless; the eternal now of mystical experience is also timeless.
Capra is particularly enthusiastic about bootstrap theory (or S-matrix
theory), which proposes that there are no smallest components of matter
but only a network of mutual relations. In this theory, each particle
generates other particles, which in turn generate it -- an egalitarian
rather than a hierarchical arrangement. Capra compares this to the sense
of interdependence in some Asian writings, in which no part is held to
be more fundamental than others. He mentions the Hindu image of
Indra’s net of jewels, each of which reflects all the other. Unfortunately,
bootstrap theory, while promising at the time Capra wrote, has few
adherents today since the success of quark theory, which does provide
hierarchically ordered constituents (though with the peculiar kind of
inseparability mentioned earlier). This section of Capra’s book shows
the dangers of tying religious beliefs too closely to particular scientific
theories that may turn out to be rather short-lived.
In general, I think Capra has overstressed the similarities and virtually
ignored the differences between the two disciplines. Often he finds a
parallel by comparing particular terms or concepts, abstracted from the
wider contexts that are radically different.41 For example, Asian
traditions speak of undifferentiated unity. But the wholeness and unity
that physics expresses is highly differentiated and structured, subject to
strict constraints, symmetry principles, and conservation laws. Space,
time, matter, and energy are all unified in relativity, but there are exact
transformation rules. The mystic’s structureless unity, in which all
distinctions are obliterated, also seems very different from the organized
interaction and cooperative behavior of higher-level wholes, seen
already in physics but much more evident in biology. If mechanists see
only the parts, Capra gives one-sided attention to wholes. Process
thought seems to me to strike a more tenable balance between unity and
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diversity, with a basic pluralism rather than a monism.
I believe the relation between time and timelessness is also significantly
different in physics and in mysticism. Physics deals with the realm of
temporal change. I agree with Capra that in the atomic world there is
impermanence and an ever-changing flux of events. But I do not agree
that spacetime is a static and timeless block. I have argued that relativity
points to the temporalization of space rather than the spatialization of
time. On the other hand, for much of Eastern mysticism, especially the
Advaita tradition in Hinduism, the temporal world is illusory and
ultimate reality is timeless. Beneath the surface flux of maya (illusion) is
the unchanging center, which alone is truly real, even though the world
exhibits regular patterns to which a qualified reality can be ascribed. In
Buddhism, timelessness also refers to the realization of our unity with
all things, which releases us from bondage to time and the threat of
impermanence and suffering. Meditative disciplines do bring the
experience of a sense of timelessness (though this may be partly the
product of absorptive attention which stops the flow of thought and
shifting consciousness).
Capra ignores the diversity among and within Eastern religions and says
nothing about Western mysticism. Moreover, he says little about the
difference in the goals of physics and mysticism, or the distinctive
functions of their languages. The goal of meditation is not primarily a
new conceptual system but the transformation of personal existence, a
new state of consciousness and being, an experience of enlightenment.
We have seen that the mystical strand in both East and West emphasizes
experience. There are implicit or explicit beliefs, to be sure, but they
must always be considered as components of mysticism as a total way
of life.
David Bohm is more cautious in delineating parallels between physics
and mysticism. We discussed earlier his idea of instantaneous, nonlocal,
noncausal correlations, which would provide an explanation of the
Bell’s Theorem experiments. He has extended these ideas as a more
general metaphysical system. He proposes that mind and matter are two
different projections of the underlying implicate order; they are two
related expressions of a single deeper reality. Bohm also finds in Eastern
religions a recognition of the basic unity of all things; in meditation
there is a direct experience of undivided wholeness. Fragmentation and
egocentricity can be overcome in the absorption of the self in the
undifferentiated and timeless whole.42 Here is an ultimate monism that
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contrasts with the greater pluralism of Western religions and of process
theology. For Bohm, the answer to the fragmentation of personal life is
the dissolution of the separate self, rather than the healing of brokenness
by the restoration of relationships to God and the neighbor which
Christian thought advocates.
In a recent volume, Science and Mysticism, Richard Jones gives a
detailed comparison of themes in the new physics, Advaita Hinduism,
and Theravada Buddhism; he emphasizes the differences among them.43
He subscribes basically to what I have called the Independence thesis:
science and mysticism are independent and separate, but both have
cognitive value. Science has authority concerning objective structures
and regularities in the realm of becoming and change, while mysticism
is an experience of the unstructured, nonobjectifiable reality beneath the
surface multiplicity. For the most part, their claims are
incommensurable, and no integration is possible, for they refer to
different realms. Science deals objectively with differentiated lawful
structures, while the mystic encounters the undifferentiated wholeness
of the underlying reality in the experience of meditation. Jones is critical
of the vague parallels that Capra draws and his use of phrases abstracted
from their contexts.
Jones grants that the classical forms of these Eastern traditions devalued
the world of phenomena in a way that offers no encouragement to
science. He himself defends the cognitive value of both science and
mysticism, each on its own level. He acknowledges that mysticism does
not start from uninterpreted experience but inescapably uses theoretical
interpretive concepts. Some beliefs might conflict with or be supported
by science, and we do not end with total independence. For example,
one belief shared by many Eastern traditions is the idea of karma, the
infinite cycle of rebirths, which requires an infinite span of time -- and
this belief might conflict with some astronomical theories but not others.
Jones accepts the timelessness of ultimate reality in these Eastern
traditions. I have greater reservations about this concept. Medieval
Christian thought also asserted the timelessness of God, though God was
there understood in predominantly personal terms, and the doctrine of
creation gave a stronger affirmation of the reality and goodness of the
temporal world than is found in most of the East. The God of classical
theism was eternal, unchanging, impassible, omniscient, and
omnipotent, influencing the world but not influenced by it. But both
biblical thought and process theology have had a dynamic understanding
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of a God who is intimately involved in the temporality of the world. In
Hartshorne’s dipolar theism, God is unchanging in purpose but changes
in experience of the world.44 We will return in a later chapter to this
question of divine temporality and timelessness. At the moment I am
suggesting that while timelessness is an important idea in religious
thought of both East and West, we can find little support for it in current
physics.
4. Conclusions
I have suggested that twentieth-century physics has some important
epistemological implications and some modest metaphysical ones.
Among the former, the downfall of classical realism has been described.
In its place, some interpreters have defended instrumentalism, but I have
advocated a critical realism. Theories and models can no longer be taken
as literal descriptions of atomic reality, but they can be taken as
selective and symbolic attempts to represent the structures of nature that
are responsible for particular observable phenomena. The limitations of
our theoretical concepts and models are dramatized by the
Complementarity Principle, which is a valuable reminder of the partial
character of human knowledge. I proposed earlier that there are parallels
in the use of complementary models within theology.
Another epistemological lesson can be learned from contemporary
physics: the participation of the observer. I have argued that in quantum
physics this is required because of the holistic character of wave
functions and the interactive character of observation processes. In
relativity, it reflects the fact that temporal and spatial properties are now
understood to be relationships rather than intrinsic features of separate
objects in themselves. In religion, too, knowledge is possible only by
participation, though of course the forms of participation differ from
those in science. We can ask how God is related to us, but we can say
little about the intrinsic nature of God.
Advocates of Independence and Dialogue between science and religion
(chap. 1) would want to stop here. They welcome the greater
epistemological caution and humility that physics encourages, but they
are wary of any metaphysical implications, and also theological ones.
The deists were too dependent on the Newtonian world view. They
ended with the clockmaker God who designed the world machine. Their
error was not just that they used ideas derived from a physics that is now
known to be scientifically inadequate. Their mistake, according to these
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interpreters, was in using any ideas from physics in the formulation of
theology. The deists tried to build a metaphysics by an unwarranted
extrapolation of the physics of their day. The new epistemology can
help liberate theology from bondage to mechanistic physics, but it can
equally warn us of the danger of bondage to twentieth-century physics.
The chief lesson of the new physics, on this reading, is a negative one -a warning against repeating the mistakes of the past -- not a positive
contribution to the theologian’s task.
Moreover, we have seen that many of the alleged implications of recent
physics appear to be questionable. The involvement of the observer in
both quantum physics and relativity has often been cited as evidence of
the central role of mind. I have argued that it points to the interaction of
the observational system with the system observed, not to the presence
of mind as such. It is evidence of interconnectedness and holism, not of
the pervasiveness of mentality or consciousness. Probability waves may
seem less substantial than billiard ball atoms, and matter that converts to
radiant energy may appear immaterial. But the new atom is no more
spiritual or mental than the old, and it is still detected through physical
interactions. If science is indeed selective and its concepts are limited, it
would be as questionable to build a metaphysics of idealism on modern
physics as it was to build a metaphysics of materialism on classical
physics. I have criticized the attempt of Capra and others to portray
direct metaphysical parallels between physics and Eastern mysticism,
especially with respect to timelessness and holistic unity.
We would also be guilty of a new form of reductionism if we tried to
base an inclusive metaphysics on current physics, in which the lowest
levels of organization among inanimate structures are studied. But I
believe reductionism can be avoided in four ways. (1) We have seen that
already within physics we have to look at wholes as well as parts;
reductionism is inadequate even within this discipline. (2) We will find
that some of the characteristics of nature seen in physics (such as
temporality, chance, and wholeness) are also prominent in other
sciences. (3) We will go on in subsequent chapters to trace the
emergence of higher levels of organization, including life and mind,
which cannot be reduced to physics. (4) We will seek metaphysical
categories that are adequate for the coherent interpretation, not simply of
scientific data, but of all areas of human experience.
This will lead us toward the last of the views in chapter 1, a concern for
the Integration of science and religion.
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I see three metaphysical implications of current physics, which form a
coherent pattern with the implications of other sciences and other areas
of human experience.
1. Temporality and Historicity
Time enters into the structure of reality in a more fundamental way in
the new physics than in classical physics. The quantum world consists
of vibrations which, like musical notes, are nothing at an instant and
require time in order to exist. It is a world of dynamic flux in which
particles come and go. It is a world of probability states; only the
passage of time will disclose which of the alternative potentialities will
be actualized. Time is not the unwinding of a predetermined scroll of
events but the novel coming-to-be of unpredictable events in history. In
relativity, time is inseparable from space. There are no purely spatial
relationships, only spatiotemporal ones. All of this is radically different
from the Newtonian world of absolute space and time, in which change
consisted of the rearrangement of particles that are themselves
unchanging. We will find a similar emphasis on change and the
emergence of genuine novelty in astronomy and evolutionary biology.
The historicity of nature is evident in all the sciences.
2. Chance and Law
There are alternative potentialities for individual events. In accordance
with critical realism and the later views of Bohr and Heisenberg, I have
interpreted the Uncertainty Principle as an indication of objective
indeterminacy in nature rather than the result of subjective uncertainty
and human ignorance. The choice between bifurcation paths in
nonequilibrium thermodynamics also seems to be a chance
phenomenon. We will find the same combination of chance and law in
other fields, including quantum effects in the early instants of the
cosmos and random mutations in evolutionary history. Human freedom
occurs at a totally different level from quantum indeterminacy, but it
also exhibits the presence of unpredictable novelty. T. S. Eliot points to
the importance of an open future:
Time present and time past
Are both perhaps present in our future
And time future contained in time past.
If all time is eternally present
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All time is unredeemable.45
3. Wholeness and Emergence
Against reductionism, which seeks to explain the activity of complex
entities in terms of the laws of their components, I have maintained that
higher organizational levels involve distinctive patterns of behavior. The
Pauli Exclusion Principle, which links physics to chemistry -- but which
cannot be derived from the laws governing separate particles -- was
offered as one illustration. The inseparability of the observer and the
observed was presented as further evidence of interdependence. The
correlations between distant events shown in the Bell’s Theorem
experiments is a dramatic example of such interconnectedness. In
relativity, the unification of space, time, matter, and energy represents
wholeness of a fundamental kind. Nonequilibrium thermodynamics
describes the emergence of higher levels of systematic order from lowerlevel disorder.
Later chapters will consider the new wholes that arise with the
emergence of life, mind, and society. Looking back, it will not seem
unreasonable to claim that even in physics we can see the beginning of a
historical, ecological, and many-leveled view of reality. I will suggest
that these three characteristics -- temporality and historicity, chance and
law, wholeness and emergence -- are prominent in the metaphysics of
process philosophy. These reflections will take us far beyond physics,
but they will form a pattern coherent with our understanding of the
characteristics of physical reality.
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Chapter 5: Astronomy and Creation
On Christmas Eve 1968, the first astronauts in orbit around the moon
appeared live on TV in millions of American homes. Frank Borman
read the opening verses of Genesis:
In the beginning God created the heavens and the earth. The
earth was without form and void, and darkness was upon the
face of the deep; and the Spirit of God was moving over the face
of the water. And God said, "Let there be light"; and there was
light.
Borman’s message concluded: "Greetings from the crew of Apollo 8.
God bless all of you on the good earth." Those astronauts were the first
people to see the beauty of the earth as a blue and white gem spinning in
the vastness of space, and the reading from Genesis seemed an
appropriate response. But how can the Genesis story be reconciled with
the findings of twentieth-century astronomy? What are the theological
implications of recent cosmological theories?
I. The Big Bang
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Let us look first at the scientific evidence concerning the early history of
the universe and some initial theological responses to it. In subsequent
sections, recent cosmological theories and interpretations of the doctrine
of creation are examined in greater detail.
1. Theories in Astrophysics
Physical cosmology is the study of the physical structure of the cosmos
as a whole.1 In 1917, Willem de Sitter, working with Einstein’s general
relativity equations, found a solution that predicted an expanding
universe, In 1929, Edwin Hubble, examining the "red shift" of light
from distant nebulae, formulated Hubble’s Law: the velocity of
recession of a nebula is proportional to its distance from us. Space itself,
not just objects in space, is everywhere expanding. Extrapolating
backward in time, the universe seems to be expanding from a common
origin about fifteen billion years ago. In 1965, Arno Penzias and Robert
Wilson discovered a faint background of microwaves coming from all
directions in space. The spectrum of those waves corresponded very
closely to the 3 K residual radiation, which had been predicted from
relativity theory. The radiation is the cosmic fireball’s afterglow, cooled
by its subsequent expansion.
Indirect evidence concerning the very early moments of the Big Bang
have come from both theoretical and experimental work in high-energy
physics. Einstein himself spent his later years in an unsuccessful search
for a unified theory that would integrate gravity with other physical
forces. More recent research has moved closer to this goal. There are
four basic physical forces: (1) the electromagnetic force responsible for
light and the behavior of charged particles; (2) the weak nuclear force
responsible for radioactive decay; (3) the strong nuclear force that binds
protons and neutrons into nuclei; and (4) the gravitational force evident
in the long-distance attraction between masses. Recent attempts to
develop a theory that would integrate these forces have moved through
several stages.
In 1967, Steven Weinberg and Abdus Salam showed that the
electromagnetic and weak forces could be unified within an
Electroweak Theory. The theory predicted the existence of two massive
particles, the W and Z bosons, which mediate between the two kinds of
force. In 1983, Carlo Rubbia and coworkers found particles with the
predicted properties of W bosons among the products of high-energy
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collisions in the CERN accelerator in Geneva.
There has been some progress in attempts to unite the electro-weak and
strong forces in a Grand Unified Theory (GUT). The unification would
be mediated by very massive X-particles, which could only exist at
energies higher than those in any existing accelerator. However, the
GUT theory implies that protons decay spontaneously, very slowly,
rather than being stable, as previously supposed. Physicists are trying to
detect this extremely low level of proton decay with experiments in
deep mines, where other stray particles are screened Out. A GUT theory
would help us understand the structure of matter today, and it would
also contribute to our understanding of the very early moments of the
Big Bang.
The unification of gravity with the other three forces within one
Supersymmetry Theory has appeared more difficult because we have no
successful quantum theory of gravity. But there has been recent
excitement concerning Superstring Theory, which escapes the anomalies
of previous attempts. The basic constituents would be incredibly
massive, tiny, one-dimensional strings which can split or loop. With
differing patterns of vibration and rotation, they can represent all known
particles from quarks to electrons. The theory requires ten dimensions;
six of these would somehow have to disappear to leave the four
dimensions of spacetime. There is no experimental evidence for strings;
the energy required for their existence would be far beyond those in the
laboratory, but it would have been present at the very earliest instants of
the Big Bang.2 Physicists have a strong commitment to simplicity, unity,
and symmetry, which motivates the search for a unified theory even
when direct experimentation is impossible.
Putting together the evidence from astronomy and high-energy physics,
a plausible reconstruction of cosmic history can be made. Imagine a trip
backward in time. Twelve billion years after the Big Bang, microscopic
forms of life were beginning to appear on our planet. Ten billion years
after the bang, the planet itself was formed. One billion years from the
beginning, the galaxies and stars were coming into being. At t500,000
years, the constituent atoms appeared. A mere 3 minutes from the
beginning, the nuclei were starting to form out of protons and neutrons.
Plausible theories concerning these events can account for the relative
abundance of hydrogen and helium and for the formation of heavier
chemical elements in the interior of stars (see fig. 3).3
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TIME TEMP. TRANSITION
15 billion yrs. (today)
12 Microscopic life
10 Planets formed
1 Galaxies formed (heavy elements)
500,000 yrs. 2000_ Atoms formed (light elements)
3 mins. 109 Nuclei formed (hydrogen, helium)
10-4 sec. l012 Quarks to protons and neutrons
10-10 1015 Weak and electromagnetic forces separate
10-35 1028 Strong nuclear force separates
10-43 ‘ 1032 Gravitational force separates
(0 Infinite Singularity)
Fig 3. Major Cosmological Transitions
The farther back we go before 3 minutes, the more tentative are the
theories, because they deal with states of matter and energy further from
anything we can duplicate in the laboratory. Protons and neutrons were
probably forming from their constituent quarks at 10-4 seconds (a tenthousandth of a second from the beginning), when the temperature had
cooled to 1012 (a thousand billion) degrees. This fantastically dense sea
of hot quarks had been formed at about 1010 seconds from an even
smaller and hotter fireball -- which had expanded and cooled enough for
the electro-weak forces to be distinguishable from the strong and
gravitational forces.4
Before 10-35 seconds, the temperature was so high that all the forces
except gravity were of comparable strength. This is the period to which
a Grand Unified Theory would apply. We have almost no idea of events
before 10-43 seconds, when the temperature was 1032 degrees. The
whole universe was the size of an atom today, and the density was an
incredible 1096 times that of water. At these very small dimensions, the
Heisenberg uncertainties of quantum theory were significant, and all
four forces were united. This would have been the era of
Supersymmetry. I will return later to examine some remarkable features
of these very early stages.
But what happened before that? At the time t=0, was there a
dimensionless point of pure radiation of infinite density? And how is
that point to be accounted for? To the scientist, t=0 is inaccessible. It
appears as a singularity, to which the laws of physics do not apply. It
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represents a kind of ultimate limit to scientific inquiry, something that
can only be treated as a given, though one can speculate about it.
2. Theological Responses
How might theologians respond to these new theories in astrophysics?
Should they rejoice that, after centuries of conflict between theologians
and astronomers, there now seems to be a common ground in the idea
that the universe had a beginning -- a beginning that science cannot
explain? Would it be appropriate to identify that point of radiation of
infinite density with those words in Genesis, "Let there be light," since
light, after all, is pure radiation?
Pope Pius XII welcomed the Big Bang theory as support for the idea of
creation in time.5 More recently, the astrophysicist Robert Jastrow has
argued that "the astronomical evidence leads to a biblical view of the
origin of the world." He ends his book God and the Astronomers with
this striking passage:
At this moment it seems as though science will never be able to
raise the curtain on the mystery of creation. For the scientist who
has lived by his faith in the power of reason, the story ends like a
bad dream. He has scaled the mountains of ignorance; he is about
to conquer the highest peak; as he pulls himself over the final
rock, he is greeted by a band of theologians who have been
sitting there for centuries.6
On the other hand, some contemporary theologians claim that theology
has no stake in the debates among astronomers. Arthur Peacocke, for
example, writes, "Theology is agnostic about the how of creation. . . .
Whether the big bang wins out or not is irrelevant theologically."7
I want to start with a word of caution about identifying the religious idea
of creation too closely with scientific ideas of cosmology. Later I will
indicate some points at which I think contemporary cosmology is
relevant to theology. One reason for caution is that in the past God has
often been invoked to explain gaps in the prevailing scientific account.
This has been a losing enterprise as one gap after another has been filled
by the advance of science -- first in seventeenth-century astronomy and
physics, then in nineteenth-century geology and biology. The present
case appears different because events at the time to seem to be in
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principle inaccessible to science. Yet this situation might conceivably
change, for much of contemporary cosmology is tentative and
speculative.
Thirty years ago, some astronomers thought they had avoided the
problem of a beginning by postulating an infinite span of time. The
Steady State Theory proposed that hydrogen atoms come into being,
slowly and continuously, throughout an infinite time and space.
Frederick Hoyle, in particular, defended the theory long after most of
his colleagues had abandoned it. Hoyle’s writings make clear that he
favored the Steady State Theory, not just on scientific grounds, but
partly because he thought infinite time was more compatible with his
own atheistic beliefs.8 But today Big Bang theories have clearly won the
day.
However, it is possible to combine the Big Bang and infinite time if one
assumes an oscillating cosmos. Before the present era of expansion
there could have been an era of contraction -- a Big Crunch before the
Big Bang. Any evidence for past cycles would have to be indirect, since
their structure would have been totally wiped out in the fireball. One
would expect from the law of entropy that there could have been only a
finite rather than an infinite number of oscillations, though under such
conditions the applicability of the law is very uncertain. Concerning the
future of the cosmos, observations suggest that the velocity of expansion
is very close to the critical threshold between expanding forever (an
open universe) and expanding a very long time before contracting again
(a closed universe). There does not seem to be enough mass in the
universe to reverse the expansion, but there may be additional mass not
yet detected (in black holes, neutrinos, and interstellar matter, for
instance).
Some atheistic or agnostic astronomers feel more comfortable, with the
idea of an infinite series of oscillations, just as some theists welcome a
beginning of time. But I would say it is equally difficult to imagine a
beginning of time or an infinite span of time. Both are unlike anything
we have experienced. Both start with an unexplained universe. We have
acknowledged (chap. 2) that the choice of theories and paradigms is
inevitably influenced by metaphysical assumptions as well as by
empirical data. But in this case I do not think that major theological
issues are at stake, as has often been assumed. If a single, unique Big
Bang continues to be the most convincing scientific theory, the theist
can indeed see it as an instant of divine origination. But I will suggest
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2069 (6 of 40) [2/4/03 6:40:41 PM]

Religion in an Age of Science

that this is not the main concern expressed in the religious notion of
creation.
II. Creation in Judaism and Christianity
What is the theological content of the doctrine of creation? To answer
this question we must start with the biblical creation story and briefly
trace the historical development of the idea of creation. We must also
look at the function of creation stories in the life of religious
communities. Only then will we be able to ask about the compatibility
of the doctrine of creation with contemporary cosmology.
1. Historical Ideas of Creation
Look again at the opening verses of Genesis: "In the beginning, God
created the heavens and the earth. The earth was without form and void,
and darkness was upon the face of the deep, and the Spirit of God was
moving over the face of the waters." The relation between those first
two sentences is not clear in the Hebrew, and the RSV Bible gives the
alternative translation: "When God began to create the heavens and the
earth, the earth was without form and void Instead of creation from
nothing, ex nihilo, there is the creation of order from chaos. Scholars
see here an echo of the Babylonian creation story, which also starts with
a primeval watery chaos. Several biblical passages refer to taming the
waters and conquering the sea monster Rahab, which are also features of
the Babylonian story.9 Many texts in the Old Testament (Hebrew
scriptures) assume a continuing struggle between order and chaos and
acknowledge the persistence of evil and the fragility of creation.10
But clearly the biblical story differs from other ancient creation stories
in its assertion of the sovereignty and transcendence of God and the
dignity of humanity. Creation is orderly and deliberate, following a
comprehensive plan and resulting in a harmonious and interdependent
whole. God is portrayed as purposive and powerful, creating by word
alone. In the Babylonian story, humanity was created to provide slaves
for the gods; in Genesis, humanity was given a special status in God’s
plan, superior to the rest of creation.11 The biblical narrative asserts the
essential goodness and harmony of the created order. After each day,
God saw that it was good; after the sixth day, "God saw everything that
he had made, and behold, it was very good." It is a cosmos, a structured,
harmonious whole.
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Most historical scholars hold that within the Hebrew scriptures the first
chapter of Genesis (through 2:3) is a relatively late writing, probably
from the fifth century BC. (We will consider the story of Adam and Eve
in a later chapter.) It appears that God was worshiped as the redeemer of
Israel before being worshiped as the creator of the world. The exodus
and the covenant at Sinai were the formative events for Israel as a
people. Early Israelite religion centered on God’s act of liberation and
revelation in history -- that is, the creation of Israel. Von Rad argues that
the Genesis story was of secondary importance, a kind of cosmic
prologue to Israel’s history, written to give the covenant faith a more
universal context.12
But Westermann, Anderson, and most scholars today hold that creation
was of considerable importance throughout the Hebrew scriptures.13
Challenged by the nature gods of surrounding cultures, the people of
Israel asserted that Yahweh was both Redeemer and Creator. Several
early psalms celebrate Yahweh’s enthronement as Creator and King
(Pss. 47, 93, and 99). Again, Psalm 19 expresses gratitude for both
creation and revelation: "The heavens are telling the glory of God," but
also "The law of the Lord is perfect." "Our help comes from the Lord,
who made heaven and earth" (Ps. 121:2). In Job, the voice from the
whirlwind asks, "Where were you when I laid the foundations of the
earth?" and goes on to portray with poetic power the wonders of the
created order (Job 38-41). In the book of Proverbs, Wisdom is
personified as God’s agent in creation.
Isaiah gives the most powerful synthesis of creation and redemption,
tying past, present, and future together. God is indeed the creator of
Israel, but also of all humanity and all nature. Moreover, says Isaiah,
God will in the future recreate a people out of the chaos of bondage and
exile (Isa. 40, 45, and 49). Here is the theme of a new creation,
including a new harmony in nature, which is picked up in the later
apocalyptic literature. The idea of creation thus pervades the Hebrew
scriptures; we do not have to rely on Genesis alone.
In the New Testament, too, creation is closely linked to redemption. The
opening verse of John’s Gospel recalls Genesis: "In the beginning was
the Word, and the Word was with God. . . . All things were made
through him." Here the term Word merges the logos, the Greek principle
of rationality, with the Hebrew image of God’s Word active in the
world. But John then links creation to revelation: "And the Word
became flesh." In Christ’s life and death, according to the early church,
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God had made known the purpose of creation. Paul, in his devotion to
Christ, gives him a kind of cosmic role in several passages: "In him all
things were created in heaven and on earth . . . . he is before all things
and in him all things hold together" (Col. 11:16-17; cf. I Cor. 8:6). The
Spirit was understood as God’s continuing presence in nature, in
individual life, and in the gathered community.
The Nicene Creed (AD. 381) refers to God as "maker of heaven and
earth." The creed was important in the liturgical life of the church in
affirming its identity and its commitment to God and Christ. The
doctrine of creation was formulated more explicitly as part of the selfdefinition of the Christian community in relation to rival philosophies,
especially in response to the challenge of Hellenistic dualism. The idea
of creatio ex nihilo, creation out of nothing, was elaborated to exclude
the gnostic teachings that matter is evil, the work of a lesser being, not
the work of the God who redeems.
Against claims that preexisting matter limited God’s creativity, ex nihilo
asserted that God is the source of matter as well as of form. Against the
gnostic disparagement of the material world, it asserted the goodness of
the created order. Against pantheism, it asserted that the world is not
divine or part of God but is distinct from God. Against the idea that the
world was an emanation of God, made of the divine substance and
sharing its characteristics, it asserted that God is transcendent and
essentially different from the world. It is such ontological assertions,
and not any specific reference to a temporal beginning, which were, and
are today, of theological importance.
By the fourth century, Augustine was willing to accept metaphorical or
figurative interpretations of Genesis, and he said that it was not the
intent of scripture to instruct us about such things as the form and shape
of the heavens. "God did not wish to teach men things not relevant to
their salvation." He held that creation is not an event in time; time was
created along with the world. Creation is the timeless act through which
time comes to be and the continuous act by which God preserves the
world. He said that it is meaningless to ask what God was doing before
creating the world, for there was no time without the created world.14
Thomas Aquinas in the thirteenth century accepted a beginning in time
as part of scripture and tradition and said that creation in time helps to
make God’s power evident. But he argued that a universe that had
always existed would equally require God as creator and sustainer.
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2069 (9 of 40) [2/4/03 6:40:41 PM]

Religion in an Age of Science

What is essential theologically could be stated without reference to a
beginning or a singular event. To be sure, one of the versions of his
cosmological argument did assume a beginning in time: every effect has
a cause, which in turn is the effect of a previous cause, back to a First
Cause, which initiated the causal chain. But in another version, he asks,
Why is there anything at all? He replies that the whole causal chain,
whether finite or infinite, is dependent on God. God’s priority is
ontological rather than temporal.
But we must note also that there has been a subordinate theme of
continuing creation from biblical times to the present. Edmund Jacob
has said that while there are many biblical texts referring to a primordial
creation in the beginning, "Other texts, generally more ancient, draw
much less distinction between the creation and conservation of the
world, and make it possible for us to speak of a creatio continua."15
There is a recurring witness to God’s continuing sovereignty over both
history and nature. God is still creating through natural processes. "Thou
dost cause the grass to grow for cattle and the plants for man to
cultivate. . . . When thou sendest forth thy Spirit, they are created; and
thou renewest the face of the ground" (Ps. 104: 14 and 30).
The Spirit was mentioned in the opening verses of Genesis and in the
psalm just cited. I will point out later that the Bible refers to the Spirit in
relation to nature, history, prophetic inspiration, corporate worship, the
life of Christ, and the Christian community. It is thus an important
concept in any attempt to give a unified account of God’s activity in
these diverse realms. I will suggest that the Spirit, which is God’s
presence and activity in the world, is crucial in understanding creation
and redemption as two aspects of a single divine purpose and activity.
Jaroslav Pelikan shows that the continuing creation theme was present
but subordinate throughout the Middle Ages, the Reformation, and the
Enlightenment. He holds that it assumes great importance in considering
evolution and contemporary science.16 I will suggest that astrophysics,
along with geology and evolutionary biology, shows us a dynamic
world with a long history of change and development and the
appearance of novel forms. Coming-to-be is a continuing process
throughout time, and it continues today. We can see the emergence of
new forms as signs of God’s creativity.
2. The Interpretation of Genesis Today

http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2069 (10 of 40) [2/4/03 6:40:41 PM]

Religion in an Age of Science

How then are we to understand the opening chapter of Genesis? A literal
interpretation of the seven days would conflict with many fields of
science, as we saw in chapter 1. The attempt to find scientific
information in Genesis is dubious theology as well as dubious science.
By treating it as if it were a book of science ahead of its times, we tend
to neglect both the human experiences that lie behind it and the
theological affirmations it makes.
I would list the human experiences that lie behind the idea of creation as
follows: (1) a sense of dependence, finitude and contingency; (2) a
response of wonder, trust, gratitude for life, and affirmation of the
world; and (3) a recognition of interdependence, order, and beauty in the
world. These were all part of the experience of the astronauts as they
looked at the earth from the moon, and their reading of Genesis seems
an appropriate expression of their response. The religious idea of
creation starts from wonder and gratitude for life as a gift.
What are the basic theological affirmations in that chapter of Genesis? I
would list the following: (1) the world is essentially good, orderly,
coherent, and intelligible; (2) the world is dependent on God; and (3)
God is sovereign, free, transcendent, and characterized by purpose and
will. Note that these are all assertions about characteristics of God and
the world in every moment of time, not statements about an event in the
past. They express ontological rather than temporal relationships. 17
The intent of the story was not to exclude any scientific account but to
exclude, in the first instance, the nature gods of the ancient world. In
later history it stood against alternative philosophical schemes, such as
pantheism, dualism, and the belief that the world and matter are either
illusory or evil or ultimate. Against these alternatives it asserted that the
created order is good, an interdependent whole, a community of being,
but not the object of our worship. These theological affirmations were
expressed in Genesis in terms of a prescientific cosmology that included
a three-level universe and creation in seven days. But the affirmations
are not dependent on that physical cosmology. Reform and
Conservative Judaism, the Catholic church, and most of the mainline
Protestant denominations today maintain that we do not have to choose
between theism and science. We can look on the Big Bang and
subsequent evolution as God’s way of creating.18
But should we take a beginning of time literally, even if we do not
interpret the seven days in Genesis literally? Here theologians are
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divided. For one thing, the biblical concept of finite linear time has
contributed to the Western view of history. The West has differed from
the ancient cultures and the Eastern religions, which assumed an infinite
succession of cycles; these cultures have generally evidenced less
interest in historical development. But other theologians suggest that
even a beginning of time is not crucial to the theological notion of
creation. David Kelsey, for instance, says that the basic experience of
gratitude for life as a gift has no essential connection with speculations
about unique events at the beginning. Science and religion, he
maintains, address different question, which should not be confused.19
Without denying the distinctive features of Genesis, we can note that
creation stories in various cultures fulfill similar functions. They locate
human life within a cosmic order. The interest in origins may be partly
speculative or explanatory, but the main concern is to understand who
we are in a framework of larger significance. Anthropologists and
scholars of the world’s religions have looked at a variety of creation
stories, studying their function in the ordering of human experience in
relation to a meaningful world. These stories provide patterns for human
behavior, archetypes of authentic human life in accord with a universal
order. They portray basic relationships between human life and the
world of nature. Often they express structures of integration and
creativity over against powers of disintegration and chaos.
A religious community appropriates and participates in its sacred stories
in various ways. Often the stories are symbolized or enacted in rituals.
Streng speaks of one generation passing on to another stories that
"manifest the essential structure of reality." Eliade says that exemplary
patterns in primordial time are made present in ritual and liturgy.20
Consider an example from the traditional Jewish morning prayer, which
uses the present tense:
Praised are You, O Lord our God. King or the universe.
You fix the cycles of light and darkness;
You ordain the order of all creation.
In Your goodness the work of creation
Is continually renewed day by day.21
The prayer goes on to express gratitude for the world and the gift of life,
continuing into the present. The Statement of Faith of the United
Church of Christ also uses the present tense: "We believe in God. . . .
You call the worlds into being, create persons in your own image, and
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set before each one the ways of life and death." Or consider the prayer
in one of the communion services in the Episcopal prayer book. These
lines could not have been written before the space age, yet they express
traditional themes. The celebrant (C) is at the altar and the people (P)
respond:
C: God of all power, Rule of the Universe, you are worthy of
glory and praise.
P: Glory to you for ever and ever.
C: At your command all things came to be: the vast expanse of
interstellar space, galaxies, suns, the planets in their courses, and
this fragile earth, our island home.
P: By your will they were created and have their being.
C: From the primal elements you brought forth the human race,
and blessed us with memory, reason, and skill. You made us the
rulers of creation. But we turned against you, and betrayed your
trust; and we turned against one another.
P: Have mercy, Lord, for we are sinners in your sight.22
Here again the focus is on the significance of human life in relation to
God and the world. That is what is important religiously.
III. The New Cosmology
So far I have been emphasizing that the religious idea of creation is not
dependent on particular physical cosmologies, ancient or modern. I turn
now to examine several features of recent astrophysics that raise some
interesting questions concerning design, chance, and necessity. The
general character of the argument can be followed, even if the details
are somewhat technical. In section IV the theological implications of
these ideas will be explored.
1. Design: The Anthropic Principle
In the traditional argument from design, it was claimed that both
biological forms and the physical conditions favorable for life must be
the product of an intelligent designer because it is inconceivably
improbable that they could have occurred by chance. Even before
Darwin, Hume and other critics replied that when we have only one case
(one universe) from which to judge, we cannot make judgments of
probability. But the argument from design has been revived by recent
cosmologists who compare our universe with the set of possible
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universes allowed by the laws of physics.
A striking feature of the new cosmological theories is that even a small
change in the physical constants would have resulted in an
uninhabitable universe. Among the many possible universes consistent
with Einstein’s equations, ours is one of the few in which the arbitrary
parameters are right for the existence of anything resembling organic
life. Thus Carr and Rees conclude that the possibility of life as we know
it "depends on the value of a few basic constants" and is "remarkably
sensitive to them."23 Among these fine-tuned phenomena are the
following:
1. The Expansion Rate. Stephen Hawking writes, "If the rate of
expansion one second after the Big Bang had been smaller by even one
part in a hundred thousand million million it would have recollapsed
before it reached its present size." 24 On the other hand, if it had been
greater by a part in a million, the universe would have expanded too
rapidly for stars and planets to form. The expansion rate itself depends
on many factors, such as the initial explosive energy, the mass of the
universe, and the strength of gravitational forces. The cosmos seems to
be balanced on a knife edge.
2. The Formation of the Elements. If the strong nuclear force were even
slightly weaker we would have only hydrogen in the universe. If the
force were even slightly stronger, all the hydrogen would have been
converted to helium. In either case, stable stars and compounds such as
water could not have been formed. Again, the nuclear force is only
barely sufficient for carbon to form; yet if it had been slightly stronger,
the carbon would all have been converted into oxygen. Particular
elements, such as carbon, have many other special properties that are
crucial to the later development of organic life as we know it.25
3. The Particle/Antiparticle Ratio. For every billion antiprotons in the
early universe, there were one billion and one protons. The billion pairs
annihilated each other to produce radiation, with just one proton left
over. A greater or smaller number of survivors -- or no survivors at all if
they had been evenly matched -- would have made our kind of material
world impossible. The laws of physics seem to be symmetrical between
particles and antiparticles; why was there a tiny asymmetry?26
One could list other unexplained "remarkable coincidences," such as the
fact that the universe is homogenous and isotropic. The simultaneous
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occurrence of many independent improbable features appears wildly
improbable. Reflection on the way the universe seems to be fine tuned
for intelligent life led the cosmologists Dicke and Carter to formulate
the Anthropic Principle: "What we can expect to observe must be
restricted by the conditions necessary for our presence as observers."27
The principle does underscore the importance of the observer, to which
quantum theory also testifies. But it does not in itself provide any causal
explanation of those conditions. However, this fine tuning could be
taken as an argument for the existence of a designer, perhaps a God with
an interest in conscious life.
Some physicists see evidence of design in the early universe. Stephen
Hawking, for example, writes, "The odds against a universe like ours
emerging out of something like the Big Bang are enormous. I think
there are clearly religious implications."28 And Freeman Dyson, in a
chapter entitled "The Argument from Design," gives a number of
examples of "numerical accidents that seem to conspire to make the
universe habitable." He concludes, "The more I examine the universe
and the details of its architecture, the more evidence I find that the
universe in some sense must have known we were coming."29
2. Chance: Many-World Theories
One way of explaining the apparent design in these "remarkable
coincidences" is to suggest that many worlds existed either successively
or simultaneously. If there were billions of worlds with differing
constants, it would not be surprising if by chance one of them happened
to have constants just right for our forms of life. That which is highly
improbable in one world might be probable among a large enough set of
worlds. There are several ways in which many worlds could, occur.
1. Successive Cycles of an Oscillating Universe. Wheeler and others
suggest that the universe is reprocessed in each Big Crunch before the
next Big Bang. The universe and all its structures completely melt down
and make a new start as it expands and cools again. In the quantum
uncertainties entailed by those very small dimensions, indeterminate
possibilities are present. If the constants vary at random in successive
cycles, our particular combination will eventually come up by chance,
like the winning combination on a Las Vegas slot machine. As indicated
earlier, present evidence does not favor cyclic theories, but they cannot
be ruled out.
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2. Multiple Isolated Domains. Instead of multiple bangs in successive
cycles, a single Big Bang might have produced multiple domains
existing simultaneously. The domains would be like separately
expanding bubbles isolated from each other because their velocity of
separation prevents communication even at the speed of light. The
universe might have split into many domains with differing constants or
even differing laws.30 Some of the new inflationary models of the
universe involve infinite time and regions very unlike ours, beyond our
horizon of possible observation. Perhaps this just happens to be one of
the few regions in which life could be present.
3. Many-Worlds Quantum Theory. In the previous chapter we noted
Everett’s proposal that every time there are alternative quantum
potentialities in an atom, the universe splits into several branches.31
This interpretation of quantum theory involves a mind-boggling
multiplicity of worlds, since each world would have to split again into
many branches during each of the myriad atomic and subatomic events
throughout time and space. But being mind-boggling is not enough to
disqualify an idea, though this proposal violates Occam’s Razor with a
vengeance. More to the point, it seems to be inherently unverifiable,
since no communication could take place between the various branching
worlds.
4. Quantum Vacuum Fluctuations. A strange feature of quantum theory
is that it permits very brief violations of the law of conservation of
energy. It is permissible for a system’s energy to go into debt if the debt
is rapidly paid back -- so rapidly that it could never be detected within
the limits of the uncertainty principle. This means that empty space, a
vacuum, is really a sea of activity in which pairs of virtual particles
come into being and almost immediately annihilate each other again.
Since the magnitude of the allowable energy debt is inversely
proportional to the repayment time, the energy needed to create a
universe could be borrowed for only a fantastically brief instant, but
conceivably this could get things going. Moreover, the energy needed
might be small or even zero if the negative gravitational energy is taken
into account.
All four of these theories -- many cycles, many domains, many quantum
worlds, or many quantum fluctuations -- would allow us to explain the
combination of constants favorable to life as a chance occurrence
among a set of worlds, most of which would be lifeless. John Leslie has
argued that the God hypothesis is simpler and more plausible as an
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explanation of the fine tuning than these many-worlds hypotheses.32
These theories, he says, are all very ad hoc and unsupported by any
independent evidence, whereas one can appeal to other kinds of
evidence in support of belief in God. Note that Leslie assumes here that
God and chance are mutually exclusive hypotheses.
I suggest, however, that one could interpret many-worlds hypotheses
theistically. It is common for theologians to understand evolution as
God’s way of creating and to accept chance and the wastefulness of
extinct species as part of this long process. One might similarly hold
that God created many universes in order that life and thought would
occur in this one. Admittedly, this gives chance an inordinately large
role, and it involves a colossal waste and inefficiency if there are many
lifeless universes. But then again, one might reply that for God neither
space nor time is in short supply, so efficiency is a dubious criterion. In
any case, the first three of these theories are highly speculative and have
no experimental support. It is simpler, from the viewpoint of both
science and theology, to assume that there has been only one world.
The vacuum fluctuation theory is also speculative, but it is consistent
with the fact that the creation of virtual particles occurs in the
laboratory. It has sometimes been viewed as a secular version of
creation ex nihilo, because it starts with a vacuum, which is, literally,
nothing. Space and time would have come into existence along with the
appearance of matter-energy in a random quantum fluctuation.
However, all our experiments with a vacuum are within an already
existing spacetime framework, in which a vacuum is the quiescent state
of the ever-present quantum field. Most theories of an initial vacuum
fluctuation assume such a framework. How do we account for the
situation in which a gigantic quantum fluctuation could have occurred?
3. Necessity: A Theory of Everything
We have tried to account for the value of parameters favorable to the
emergence of life, first on the basis of design and then on the basis of
chance. But there is a third possibility: necessity. Perhaps the values of
the constants, which appear arbitrary, are in fact dictated by a more
basic structure of relationships. Perhaps there is a more fundamental
theory which will show that the constants can have only the values that
they have. In the history of science are recorded many apparent
coincidences or apparently arbitrary numbers that later received
theoretical explanation.
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We have seen that a Grand Unified Theory (GUT) offers the prospect of
bringing the two nuclear forces and the electromagnetic force into a
single theory. Such a theory would help us understand that momentary
era, prior to the hot quark era, when these three forces were merged. The
theory already suggests that the slight imbalance between particles and
antiparticles may have arisen from a slight asymmetry in the decay
processes of the X and the anti-X bosons (the very heavy particles,
which mediate the unified force of the GUT theory).
There are also promising new inflationary theories which may explain
why the present expansion rate is so close to the critical balance
between an open and a closed universe (the so-called flatness problem).
Inflationary theories could also explain why the microwave radiation is
isotropic (arriving equally from all directions). These theories entail a
very rapid expansion at about 10-35 seconds, due to the tremendous
energy released in the breaking of symmetry when the strong force
separated out. Before inflation, the universe would have been so small
that its parts could have been in communication and thus could have
achieved thermal equilibrium, which would account for its later
homogeneity over vast distances.33
Current theories are quite inadequate to deal with the even earlier period
before 10-43 seconds when the temperature would have been so high
that the fourth force, gravity, would have been united with the other
three. Scientists hope to develop theories of Supersymmetry or
Supergravity, which would provide a quantum theory of gravity. We
saw that String Theory, in particular, may bring these diverse
phenomena together. Because it would unite all the basic physical
forces, it has been referred to as a Theory of Everything (TOE). Perhaps
the whole cosmos can be derived from one simple and all-inclusive
equation. Such a theory has been called the Holy Grail of the current
quest in physics.
Successful GUT and TOE theories would seem to undermine the
argument from design in the early universe. Perhaps self-consistency
and fundamental laws will show that only one universe is possible, that
is, that the universe is necessary and not contingent. I would reply that
such theories would only push the argument back a stage. For it is all
the more remarkable if a highly abstract physical theory, which itself
has absolutely nothing to say about life, turns out to describe structures
that have the potential for developing into life. The theist could
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welcome this as part of God’s design. Such an orderly universe seems to
display a grander design than a universe of chance. A theory that starts
with a superlaw and a singularity would leave unanswered the question,
Why that superlaw and that singularity? And why the laws of logic that
end with such amazing consequences? Can a TOE ever explain itself or
how it comes to be instantiated in the real world?
In physics, moreover, predictions are ordinarily made from a
combination of universal laws and contingent boundary conditions
(particular initial conditions). From universal premises alone one cannot
derive conclusions about particulars. To be sure, in some situations an
outcome is indifferent to the boundary conditions; paths from diverse
initial states may converge to the same unique final state (for example,
thermodynamic equilibrium). But in other situations paths diverge
because chance enters at a variety of levels. Evolution must be described
by a historical account of events and not by predictive laws alone.
Contingent boundary conditions would be present even if it turned out
that time is infinite and there was no beginning. At any point, however
far back, there was a particular "given" situation that, along with laws
and chance, affected the subsequent course of history.
But Stephen Hawking has developed a theory of quantum gravity that
assumes neither infinite time nor a beginning of time. Instead, time is
finite but unbounded. There is no initial singularity. The equations are
relationships involving imaginary time, which is indistinguishable from
the three spatial dimensions. Just as the two-dimensional surface of the
earth is finite but unbounded, and three-dimensional relativistic
("curved") space is finite but unbounded, so Hawking’s spatial and
imaginary time dimensions are all finite but unbounded. In that
imaginary time frame, real time gradually emerges. He grants that the
interpretation of events in imaginary time is not clear. It also seems to
me inconsistent to think of time as emerging, since emergence refers to
changes in real time.
Hawking makes some interesting comments on the theological
implications of a self-contained universe without boundaries or initial
conditions. Earlier Big Bang theory assumed a singularity at which the
laws of physics break down. At the singularity, God would have had
freedom to choose both the initial conditions and the laws of the
universe. But in Hawking’s universe there are no initial conditions, and
the choice of laws is restricted by self-consistency and by the Anthropic
Principle: the early universe must provide the conditions for the later
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existence of humanity. He concludes,
[God] would, of course, still have had the freedom to choose the
laws that the universe obeyed. This, however, may not really
have been all that much of a choice; there may well be only one,
or a small number, of complete unified theories, such as the
heterotic string theory, that are self-consistent and allow the
existence of structures as complicated as human beings who can
investigate the laws of the universe and ask about the nature of
God.
Even if there is only one possible unified theory, it is just a set of
rules and equations. What is it that breathes fire into the
equations and makes a universe for them to describe? The usual
approach of science of constructing a mathematical model cannot
answer the questions of why there should be a universe for the
model to describe.34
Hawking says here that the equations of a unified theory could not
answer the question of why there is a universe at all. Yet his final
paragraph seems to hold out the hope that a complete scientific theory
may someday answer just that question:
However, if we do discover a complete theory, it should in time
be understandable in broad principle by everyone, not just a few
scientists. Then we shall all, philosophers, scientists, and just
ordinary people, be able to take part in the discussion of the
question of why it is that we and the universe exist. If we find the
answer to that, it would be the ultimate triumph of human reason - for then we would know the mind of God.35
IV. Theological Implications
Let us consider the theological implications of recent cosmology under
four headings: (1) Intelligibility and Contingency, (2) Ex nihilo and
Continuing Creation, (3) The Significance of Humanity, and (4)
Eschatology and the Future.
1. Intelligibility and Contingency
We have seen that the search for a unified theory is partly motivated by
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the conviction that the cosmos is rationally intelligible. Physicists must,
of course, check their theories against experimental evidence, but they
are convinced that a valid general theory will be conceptually simple
and aesthetically beautiful. To the critical realist, simplicity in our
theories reflects a simplicity in the world and not just in our minds.
Einstein said that the only thing that is incomprehensible about the
world is that it is comprehensible.
Historically, the conviction that the cosmos is unified and intelligible
had both Greek and biblical roots. The Greeks, and later the Stoics in
the Roman world, saw the universe as a single system. The Greek
philosophers had great confidence in the power of reason, and it is not
surprising that they made significant progress in mathematics and
geometry. But historians have claimed that the biblical doctrine of
creation made a distinctive contribution to the rise of experimental
science because it combined the ideas of rationality and contingency.
(This was cited in chapter 1 as an example of the boundary questions
discussed by advocates of the Dialogue position.) If God is rational, the
world is orderly; but if God is also free, the world did not have to have
the particular order that it has. The world can then be understood only
by observing it, rather than by deducing its order from necessary first
principles, as the Greeks tried to do.36 The church fathers said that God
voluntarily created form as well as matter ex nihilo, rather than
imposing preexisting eternal forms on matter.
Thomas Torrance has written extensively on the theme of "contingent
order." He stresses God’s freedom in creating as an act of voluntary
choice. God alone is infinitely free, and both the existence and the
structure of the world are contingent in the sense that they might not
have been. The world might have been differently ordered. We can
discover its order only by observation. Moreover, the world can be
studied on its own because in being created it has its own independent
reality, distinct from the transcendent God. Science can legitimately
assume a "methodological secularism" in its work, while the theologian
can still assert that the world is ultimately dependent on God.37
Einstein, on the other hand, saw any contingency as a threat to belief in
the rationality of the world, which he said is central in science. "A
conviction, akin to religious feeling, of the rationality or intelligibility of
the world lies behind all scientific work of a high order."38 He spoke of
a "cosmic religious sense" and "a deep faith in the rationality of the
world." He rejected the idea of a personal God whose acts arbitrarily
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2069 (21 of 40) [2/4/03 6:40:41 PM]

Religion in an Age of Science

interfere in the course of events; he subscribed to a form of pantheism,
identifying God with the orderly structure itself. When asked if he
believed in God, he replied, "I believe in Spinoza’s God, who reveals
himself in the orderly harmony of what exists."39 Einstein equated
rationality with orderliness and determinism; he never abandoned his
conviction that the uncertainties of quantum theory only reflect
temporary human ignorance, which will be left behind when the
deterministic underlying mechanisms are discovered. He felt that Bohr’s
ideas of paradox and complementarity were a departure from rationality.
He was mainly concerned about the necessity of events, but he also
thought that the laws of physics are logically necessary. In a similar
vein, Geoffrey Chew holds that all the laws of physics will be uniquely
derivable from the requirement of self-consistency alone.40
The physicist James Trefil describes the search for unified laws in
cosmology, and in an epilogue he writes,
But who created those laws?. . . Who made the laws of logic?. . .
No matter how far the boundaries are pushed back, there will
always be room both for religious faith and a religious
interpretation of the physical world. For myself, I feel much
more comfortable with the concept of a God who is clever
enough to devise the laws of physics that make the existence of
our marvelous universe inevitable than I do with the oldfashioned God who had to make it all, laboriously, piece by
piece.41
Here the assumption seems to be that of deism rather than pantheism:
the laws of physics are contingent but events governed by those laws are
"inevitable."
John Polkinghorne, physicist and theologian, discusses the intelligibility
of the world in a theistic framework. The key to understanding the
physical world is mathematics, an invention of the human mind. The fit
between reason in our minds and in the world would be expected if the
world is the creation of mind. God is the common ground of rationality
in our minds and in the world. Orderliness can also be understood as
God’s faithfulness, but it does not exclude an important role for chance.
Polkinghorne invokes the early Christian concept of logos, which, as we
have seen, combined the Greek idea of a rational ordering principle and
the Hebrew idea of the active Word of God. He maintains that the theist
can account for the intelligibility that the scientist assumes.42
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Robert Russell makes a helpful distinction between global, nomological,
and local contingency.43 In the light of my earlier discussion of
cosmology, I suggest a fourfold distinction by adding the second point
below:
1. Contingent Existence. Why is there anything at all? This is the
question of greatest interest to theologians. The existence of the cosmos
as a whole is not self-explanatory, regardless of whether it is finite or
infinite in time. The details of particular scientific cosmologies are
irrelevant to the contingency of the existence of the world. Even if a
theory shows that there is only one possible universe, the universe
would still only remain possible; nothing in the theory provides that a
universe actually exists or that the theory is instantiated.44
2. Contingent Boundary Conditions. If there was a beginning, it was a
singularity to which the laws of physics do not apply, and as such it
cannot be scientifically explained. If time is infinite, there would be no
beginning, but at any point in time, no matter how far back, one would
have to postulate a particular state of affairs, treating it as a "given."
Hawking’s theory may avoid contingent boundary conditions, but the
interpretation of imaginary time in his theory seems problematic.
3. Contingent Laws. Many of the laws of cosmology appear to be
arbitrary. But some of them may turn out to be necessary implications of
more fundamental theories. If a unified theory is found, however, it will
itself be contingent. Insofar as it is required by laws of logic (for
example, two-valued logic), those laws reflect axioms that are not
necessary in any absolute sense. Moreover, some laws applicable to
higher emergent levels of life and mind are not derivable from the laws
of physics. Such higher laws would only be instantiated with the novel
occurrence of the phenomena they describe. It is misleading to refer to a
unified theory in physics as a "Theory of Everything," for its unity
would be achieved only by a very high degree of abstraction that leaves
out all of the diversity and particularity of events in the world and the
emergence of more complex levels of organization from simpler ones.
We could hardly expect a TOE to tell us very much about an amoeba,
much less about Shakespeare, Beethoven, or Newton.
4. Contingent Events. To the critical realist, uncertainty in quantum
physics reflects indeterminacy in the world and not simply the
limitations of our knowledge. (Similar contingency is present in the
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bifurcations of nonequilibrium thermodynamics, random mutations in
evolution, and freedom in human life.) We have seen that quantum
phenomena played a role in the very early history of the Big Bang. The
cosmos is a unique and irreversible sequence of events. Our account of
it must take a historical form rather than consisting of general laws
alone. The most important questions are not about beginnings but about
subsequent historical events.
Of course, many scientists today are atheists or agnostics and confine
themselves to strictly scientific questions. Yet wider reflection on
cosmology seems to be an important way of raising what the theologian
David Tracy calls "limit questions."45 At the personal level,
cosmologists often express a sense of mystery and awe at the power
unleashed in the Big Bang and the occurrence of phenomena at the
limits of our experience, language, and thought. If there was an initial
singularity, it appears to be inaccessible to science. At the philosophical
level, cosmology encourages the examination of our presuppositions
about time and space, law and chance, necessity and contingency.
Above all, the intelligibility of the cosmos suggests questions that arise
in science but cannot be answered within science itself.
2. Ex Nihilo and Continuing Creation
The Anthropic Principle does not provide a conclusive argument from
design. Nor is the Big Bang direct evidence for the doctrine of creation.
In the Christian community, belief in God rests primarily on the
historical witness to redemption in the covenant with Israel and the
person of Christ, and on the personal experience of wholeness and
renewal. The doctrine of creation represents the extension of these ideas
of redemption to the world of nature. We have said that it also expresses
the experience of wonder, dependence on God, gratitude for life as a
gift, and recognition of interdependence, order, and novelty in the
world.
But if the theological doctrine of creation is not derived from scientific
cosmology, are the two sets of ideas in any way related? Ernan
McMullin holds that between creation and cosmology there is no direct
implication, but the Christian must seek coherence and consonance:
He has to aim at some sort of coherence of world-view, a
coherence to which science and theology, and indeed many other
sorts of human construction, like history, politics, and literature,
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must contribute. He may, indeed must, strive to make his
theology and his cosmology consonant in the contributions they
make to this world-view. But this consonance (as history shows)
is a tentative relation, constantly under scrutiny, in constant
slight shift.46
As possible examples of consonance, I suggest theological parallels
with the four kinds of contingency mentioned earlier.
1. The contingency of existence corresponds to the central religious
meaning of creation ex nihilo. In both the scientific and the theological
contexts the basic assertions can be detached from the assumption of an
absolute beginning. On the scientific side, it now appears likely that the
Big Bang was indeed an absolute beginning, a singular event, but if
there is new evidence for a cyclic universe or infinite time, the
contingency of existence would remain. On the theological side, we
have seen that Genesis portrays the creation of order from chaos, and
that the ex nihilo doctrine was formulated later by the church fathers to
defend theism against an ultimate dualism or a monistic pantheism. We
still need to defend theism against alternative philosophies, but we can
do so without reference to an absolute beginning.
With respect to the central meaning of creation ex nihilo (though not
with respect to continuing creation) I agree with the neo-orthodox
authors who say that it is the sheer existence of the universe that is the
datum of theology, and that the details of scientific cosmology are
irrelevant here. The message of creation ex nihilo applies to the whole
of the cosmos at every moment, regardless of questions about its
beginning or its detailed structure and history. It is an ontological and
not a historical assertion.
In terms of human experience, ex nihilo expresses the sense of wonder
and mystery typical of numinous experience -- and sometimes
experienced by astronomers in reflecting on the cosmos. In its
theological articulation, ex nihilo has served to assert the transcendence,
power, freedom, and purposefulness of God, and to express our
dependence on God. It also expresses the eternal aspect of God as
beyond time and related equally to every point in time. I believe these
attributes must be expressed theologically. However, I think classical
theism overemphasized transcendence and power; God was understood
as the omnipotent sovereign who predestined all events, and other
biblical themes were neglected.47
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2. The contingency of boundary conditions also expresses the message
of ex nihilo without requiring an absolute beginning. If it turns out that
past time was finite, there was indeed a singularity at the beginning,
inaccessible to science. Such a beginning was assumed by the church
fathers in the classical ex nihilo doctrine, even though it was not their
chief concern. As Aquinas said, such a beginning would provide an
impressive example of dependence on God. On the other hand, if time
were infinite, we would still have contingent boundary conditions;
scientists could not avoid dealing with situations or states that they
would have to treat as givens. In neither case could it be said that our
particular universe was necessary.
3. The contingency of laws can be identified with the orderly aspect of
continuing creation. Traditionally, creation has been identified with the
provision of order. Such order, it was assumed, was introduced at the
beginning, though it had to be continually sustained by God. By the
eighteenth century, the order of nature seemed to be all-embracing,
mechanical, and self-sustaining. In deism, God’s role was simply to
design and start the mechanism. But now we know that the history of
the cosmos involves both law and chance, both structure and novelty.
Here the findings of science are indeed relevant.
I will argue in the next chapter that the laws applicable to emergent
higher levels of reality are not reducible to laws governing lower levels.
New and more complex forms of order have emerged in successive eras.
Life and mind would not be possible without these underlying structures
going back to the early cosmos, but they cannot be explained by the
laws of physics. Yet cosmology adds its own grounds for wonder at the
order, intelligibility, and aesthetic simplicity of the universe. We can
still say that this order is not necessary and can be understood only by
observing it.
4. The contingency of events corresponds to the novel aspect of
continuing creation. We can no longer assume the static universe of the
Middle Ages, in which the basic forms of all beings were thought to be
unchanging. Coming-to-be is a continuing process throughout time, and
it continues today. Nature in all its forms must be viewed historically.
Here astrophysics adds its testimony to that of evolutionary biology and
other fields of science. Time is irreversible and genuine novelty appears
in cosmic history. Ours is a dynamic world with a long story of change
and development.
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On the theological side, continuing creation expresses the theme of
God’s immanence and participation in the ongoing world. God builds
on what is already there, and each successive level of reality requires the
structures of lower levels. Here I find the insights of process philosophy
particularly helpful. For Whitehead and his followers, God is the source
of both order and novelty. This is one of the few schools of thought that
takes seriously the contingency of events, from indeterminacy in
physics to the freedom of human beings. In this "dipolar" view, God is
both eternal and temporal: eternal in character and purpose, but
temporal in being affected by interaction with the world. God’s
knowledge of the world changes as unpredictable events occur.48
The God of process thought is neither omnipotent nor powerless.
Creation occurs throughout time and in the midst of other entities. God
does not predetermine or control the world but participates in it at all
levels to orchestrate the spontaneity of all beings, in order to achieve a
richer coherence. God does not act directly, and nothing that happens is
God’s act alone; instead, God acts along with other causes and
influences the creatures to act. God does not intervene sporadically from
outside but is present in the unfolding of every event. Creative
potentialities are actualized by each being in the world, in response both
to God and to other beings. The process view emphasizes divine
immanence, but it by no means leaves out transcendence. If it is
carefully articulated, I believe that it can express the ideas that in the
past have been represented by both the ex nihilo and the continuing
creation themes (see chapter 8).
3. The Significance of Humanity
We noted earlier that the function of creation stories is not primarily to
explain events in the distant past but to locate present human experience
in a framework of larger significance. Creation stories manifest the
essential structure of reality and our place in it. They provide archetypes
of authentic human life in accord with a universal order. They are
recalled and celebrated in liturgy and ritual because they tell us who we
are and how we can live in a meaningful world.
Much of the resistance to Copernicus and Galileo arose because in their
cosmologies the earth was no longer the center but only one of several
planets going around the sun. Darwin carried further the demotion of
humanity from its central place in the cosmic scheme, and this seemed
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to challenge the biblical understanding of the significance of human life.
What are the implications of modern cosmology for our selfunderstanding? Can they be reconciled with the message of the biblical
creation story?
1. The Immensity of Space and Time. Humanity seems insignificant in
the midst of such vast stretches of time and space. But today those
immensities do not seem inappropriate. We now know that it takes
about fifteen billion years for heavy elements to be cooked in the
interior of stars and then scattered to form a second generation of stars
with planets, followed by the evolution of life and consciousness. A
very old expanding universe has to be a huge universe -- on the order of
fifteen billion light years. Moreover, as Teilhard de Chardin pointed out,
we should not measure significance by size and duration, but by such
criteria as complexity and consciousness.49 The greatest complexity has
apparently been achieved in the middle range of size, not at atomic
dimensions or galactic dimensions. There are a hundred trillion
synapses in a human brain; the number of possible ways of connecting
them is greater than the number of atoms in the universe. A higher level
of organization and a greater richness of experience occurs in a human
being than in a thousand lifeless galaxies. It is human beings, after all,
that reach out to understand that cosmic immensity.
2. Interdependence. Cosmology joins evolutionary biology, molecular
biology, and ecology in showing the interdependence of all things. We
are part of an ongoing community of being; we are kin to all creatures,
past and present. From astrophysics we know about our indebtedness to
a common legacy of physical events. The chemical elements in your
hand and in your brain were forged in the furnaces of stars. The cosmos
is all of a piece. It is multileveled; each new higher level was built-on
lower levels from the past. Humanity is the most advanced form of life
we know, but it is fully a part of a wider process in space and time. The
new view may undercut anthropocentric claims that set humanity
completely apart from the rest of nature, but it by no means makes
human life insignificant. But along with this interconnectedness, we
have to recognize that cosmic distances are so vast that we are cut off
from communication with most of the universe.
I. Life on Other Planets. Planets are so numerous that if even a small
fraction of them are habitable, life could exist in many stellar systems.
Most scientists are open to the possibility of intelligent life on relatively
nearby galaxies, though biologists seem to consider it less likely than do
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astronomers or science fiction writers. But the possibility of beings
superior to us, living in more advanced civilizations, is a further
warning against anthropocentrism. It also calls into question exclusive
claims concerning God’s revelation in Christ. Here we can recall that
even on our planet the work of the logos, the Eternal Word, was not
confined to its self-expression in Christ. If that Word is active in
continuing creation throughout the cosmos, we can assume that it will
also have revealed itself as the power of redemption at other points in
space and time, in ways appropriate to the forms of life existing there.
4. Chance and Purpose. Traditionally, we said, God’s purpose in
creation was identified with order. An emphasis on God’s sovereignty
led to a determinism in which everything was thought to happen in
accordance with a detailed divine plan. Any element of chance was
viewed as a threat to God’s total control. It is not surprising, then, that
some scientists and philosophers who are impressed by the role of
chance are led to reject theism. (Bertrand Russell, Jacques Monod,
Stephen Jay Gould, and Steven Weinberg, for example, view life as the
accidental result of chance and assume that chance and theism are
incompatible.) Whereas the appropriate response to design would be
gratitude and thanksgiving, the response to pure chance would be
despair and a sense of futility and cosmic alienation.
One possible answer is to say that God really controls all the events that
appear to us to be chance -- whether in quantum uncertainties,
evolutionary mutations, or the accidents of human history. This would
preserve divine determinism at a subtle level undetectable to science.
But I will argue in the next chapter that the presence of genuine chance
is not incompatible with theism. We can see design in the whole process
by which life came into being, with whatever combination of
probabilistic and deterministic features the process had. Natural laws
and chance may equally be instruments of God’s intentions. There can
be purpose without an exact predetermined plan.
A contingency of events in personal life faces each of us at the
existential level. We are all vulnerable to unpredictable events: the
actions of other people, natural catastrophes, illness, and, above all,
death. Our freedom is always limited by events we cannot control. We
know the anxiety and insecurity of temporality and finitude. In the face
of all such contingency, the gospel does not promise immunity from
suffering or loss but rather the courage to affirm life in spite of them and
the confidence that God’s love is with us in the midst of them.
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4. Eschatology and the Future
We ask, finally, how religious and scientific visions of the future might
be compared. We focus here on the future of the cosmos, though this is
inescapably tied to two other dimensions of eschatology: the future of
the individual and the future of society. The basic experience involved
in eschatology is our orientation toward the future and our need for
hope. In all cultures people search for meaning in the face of suffering
and death. Death intensifies the problem of cosmic justice, for the
incidence of suffering in this life does not seem to be related to any
deserved rewards and punishments. Eschatology can be understood as
an extrapolation into the future of convictions about the present cosmic
order. Most cultures have had stories about the cosmic future, as they
have about the cosmic past.
There are two basic types of eschatological story.50 First are the myths
of cyclical return in which the world is repeatedly destroyed and
reconstituted. Here time and history are viewed as cycles. Hinduism, for
example, portrays a cycle of four ages: creation, deterioration,
destruction, and recreation. Vishnu will be reincarnated in a new avatar,
setting a new age in motion. There is also an eternal cycle of rebirth, in
which every individual dies and is reborn in a higher or lower form,
human or nonhuman, according to the merit (karma) earned during the
previous life. Over an extended series of rebirths, the justice of the
cosmic moral order is fulfilled. The cycle can be escapable only by
enlightenment and absorption in Brahman, the all-embracing unity. In
contrast to the short time span and geocentric outlook of the Bible,
Hinduism has always assumed the vastness of time and space, which are
features of modern cosmology.
This cyclical view makes events in history appear less significant in
Hinduism and other Asian religion than in the biblically based religions.
If the cosmic cycle repeats itself endlessly, there is no beginning and no
ending, no sense of overall historical progress, and no long-term
motivation to make the world a better place. Instead, the main goal is to
find a transhistorical reality and to achieve through meditation a
timeless mode of being.
The second type is the end-of time myth, which expresses a linear and
irreversible view of time and history. Both Judaism and Christianity
look to a future messianic age, but the ways in which that future has
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2069 (30 of 40) [2/4/03 6:40:41 PM]

Religion in an Age of Science

been envisaged have varied greatly in differing historical periods.
(There have also been varying conceptions of resurrection, immortality,
and heaven, but these are not our main concern here.) How did these
ideas about the end of time develop, and how might we interpret them
today?
The early prophets (for example, Amos, Micah, or Isaiah 9-11) held that
Israel and its leaders had departed from the covenant. Believing in a
God of justice, they saw God’s judgment in the disasters threatening the
nation but hoped that a return to the covenant and the presence of a new
leader from the Davidic lineage would restore the nation to peace,
justice, and prosperity. But after the exile, when Israel was occupied by
successive foreign armies, the prospect that human actions could
liberate the nation from oppression seemed dim indeed. The only hope
seemed to lie in a more dramatic intervention by God. The apocalyptic
literature (for example, Daniel) looked to a supernatural defeat of the
worldly powers. Here the Messiah, who would bring deliverance and
establish the Kingdom, was portrayed as a supernatural being rather
than a political or military leader. The struggle would involve the whole
cosmos and not just the nation. The coming Kingdom was envisaged in
increasingly otherworldly terms. This shift also reflected a strong
dualistic influence from Persia and Zoroastrianism; the world was said
to be the theater of conflict between two coeternal forces, those of light
and darkness, or God and Satan. The last days would bring a cosmic
battle and the final victory of good over evil.
The Kingdom of God was a central theme in Christ’s teachings, and he
said that it was "at hand" (Mark 1:15). Sometimes he spoke of present
aspects of the Kingdom; it is "in your midst" and it grows like a mustard
seed. More often, he said it would come suddenly and unexpectedly.
After his death, his disciples asserted that he was the promised Messiah
and that the fulfillment of the Kingdom would come soon with his
return. But with the postponement of these expectations, diverse
responses arose in the early church. Some writings, such as the book of
Revelation, continued the apocalyptic tradition and identified Christ’s
return with the final conflict between good and evil. Others, including
the Gospel of John, focused on the community’s continuing experience
of the living Christ, understood as a kind of "realized eschatology" or
future made present. By the time of Augustine, the institutional church
was equated with the Kingdom already present on earth, though a
distant consummation was still expected. In the Middle Ages and
Reformation, much attention was given to the end of the world and the
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last judgment, but this did not preempt concern for justice and
righteousness in this world. The three main biblical stories were
extended to five stages of history: Creation, Covenant, Christ, Church,
and Consummation.51
The diversity of future expectations continues among Christians today.52
Some groups take the book of Revelation literally and think that the
final conflict is imminent. They seek a detailed timetable among the rich
profusion of biblical images, and they look for "signs of the end" today.
Global crises and the threat of a nuclear holocaust have encouraged such
apocalyptic thinking, but it engenders irresponsibility if it leads people
to assume that they can do nothing about the future. Neo-orthodox and
existentialist theologians, on the other hand, take Christ’s teachings on
the imminence of the Kingdom to be a symbolic way of expressing the
urgency of decision and the importance of obedience to God’s rule in
the present. For them, the Kingdom is not a future event but a dimension
of current existence. Liberal Protestants and exponents of liberation
theology go back to the early prophets, for whom the Kingdom involved
obedience to God and commitment to justice in society. In addressing
their nation, the prophets combined a sense of God’s judgment with
hope for a new beginning. The majority of Christians would probably
say that we must work to build the Kingdom, but that it is also the work
of God, both within history and beyond history. This offers a middle
ground between relying on God alone and relying on ourselves alone in
facing the future.
What can scientists tell us about the future of the universe? We have
seen that the expansion of the universe is slowing down, but current
evidence is insufficient to decide whether it is open (expanding forever)
or closed (expanding to a maximum before collapsing). If it is closed, it
will eventually contract to a very small size (the Big Crunch), but it
could bounce back again and continue in an indefinite series of cycles.
This resembles the Hindu view of a cyclic universe with ages of
destruction and ages of creation. The current structures of the world
would be wiped out in such a "heat death," but new structures would
appear in future cycles. The Second Law of Thermodynamics seems to
imply a gradual "running down" in successive cycles, but it is not at all
clear whether the law would be applicable between such cycles. The
current expanding phase will last at least a hundred billion years, though
our sun may not last longer than five or ten billion years. This is an
incredibly long future in comparison to the half million years that
human beings have been around, but it is not infinite.
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Some scientists find this prospect very depressing. The astrophysicist
Steven Weinberg holds that humanity is alone in an immense and
impersonal universe, headed for oblivion. The earth is "just a tiny part
of an overwhelmingly hostile universe." Scientific activity itself is the
only source of consolation in a meaningless world:
The more the universe seems comprehensible, the more it also
seems pointless. But if there is no solace in the fruits of research,
there is at least some consolation in the research itself. . . . The
effort to understand the universe is one of the very few things
that lifts human life above the level of farce, and gives it some of
the grace of tragedy.53
If the universe is open, it will continue to expand and cool forever, but
at a decreasing rate. It has usually been assumed that this would lead to
the "freezing death" of all life as temperatures continue to fall. But
Freeman Dyson has argued that biological life will be able to adapt to
such new conditions in the future. Moreover, we could use genetic
engineering to redesign organisms for extreme conditions. The energy
requirements of a system are proportional to the square of the
temperature, and very little energy is required at low temperatures.
Dyson also holds that the "software programs" that exist in the human
brain could be transferred to computers and other kinds of "hardware,"
so that new forms of intelligence and consciousness will be able to
survive at very low temperatures. He expects communication networks
to spread among planets and galaxies. Mind will take control of matter
throughout the universe. "Life and intelligence are potentially
immortal."54
A similar vision is set forth by Frank Tipler. The human brain, he says,
is essentially a computer. As we colonize space, information processing
in various forms will spread in networks throughout the universe. The
information processing rate and the memory storage could both increase
without limit, which would produce an essentially infinite intelligence.
The computer network would be an "evolving God" emerging from the
process and taking total control of the universe. There would be "an
eternal continuation of intelligence," even if human beings are extinct,
for computers would be able to replicate themselves. Even if we live in
a closed universe, there could be an infinite number of thoughts before
the final singularity, and this can be considered a form of this-worldly
immortality.55
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These projections are, of course, highly speculative and rest on many
unverified assumptions. They seem to me inconsistent with the biblical
message, not because they disagree with some of the imaginative future
scenarios in the Bible, but because they reflect views of humanity, God,
and the future that are at odds with basic biblical convictions. The Bible
views the person as a unity of body, mind, and spirit (see chapter 7), not
as a purely rational intellect defined by information-processing ability.
Moreover, Dyson and Tipler propose a technologically based salvation
that seeks control of the cosmos, whereas the Bible speaks of the need
for personal transformation and social reconstruction in response to
God. Though biblical eschatology takes many forms, all agree that
future fulfillment will be the work of a personal God as well as of
humanity, not the work of humanity apart from God.
Dyson and Tipler think that a future heat death or freezing death can be
avoided. But if they cannot be avoided, would that contradict biblical
assumptions? Would such a future imply that the universe is
meaningless, as Steven Weinberg holds?56 I do not think so. I would
argue that biblical stories about both the beginning and the end of time
are symbolic expressions of trust in God. Together they represent an
ultimate framework for temporal history, not events in that history.57
The future of the cosmos, like the past, can also be seen as a phase of
continuing creation. The long time scale does indeed make us aware that
evolution will continue. It would be grossly anthropocentric to assume
that we are the goal or the only purpose of creation. There is an
immensely long time for this part of the cosmic experiment to continue.
In the meantime, there are meaningful challenges to action in our own
lifetime -- above all, to move toward a just and sustainable planetary
society. Our hope is based on the conviction that God is at work in the
world and that we can cooperate in that work.
According to process thought, every entity has value in three ways.
First, as a moment of experience it has intrinsic value. The value of
these experiences is inherent in each present moment. Second, every
entity is valuable for its contribution to the future of other beings in the
world -- both in the immediate future and in the distant future. Third,
every entity is valuable for its ongoing contribution to the life of God.
The values achieved in this world are preserved in God’s eternal life,
and this is part of their enduring significance and permanence beyond
the flux of time. In addition, some entities, such as human beings, have
a fourth kind of future value, if as conscious individuals we survive
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death.
If we think that life on earth or in this universe will eventually be
extinguished, only a portion of the second of these sources of value and
meaning is threatened, namely the contribution of our present actions to
the very distant future. The others are all unaffected. Moreover, there
may be forms of life on other planets or in other universes. Who is to
say what are the limits of new possibilities for God in this cosmic cycle
or in future cycles or in another creation? These considerations take us
far beyond science, and we will return to them in chapter 8.
In conclusion, then, I think we can join the astronauts in celebrating the
beauty of our amazing planet and in expressing gratitude for the gift of
life. Standing under the stars at night, we can still experience wonder
and awe. Now we know that the cosmos has included stretches of space
and time that we can hardly imagine. What sort of world is it in which
those strange early states of matter and energy could be the forerunners
of intelligent life?
Within a theistic framework it is not surprising that there is intelligent
life on earth; we can see here the work of a purposeful Creator. Theistic
belief makes sense of this datum and a variety of other kinds of human
experience, even if it offers no conclusive proof. We still ask: Why is
there anything at all? Why are things the way they are? With the
psalmist of old we can say, 0 Lord, how manifest are thy works! In
wisdom thou has made them all. . . . When thou sendest forth thy Spirit,
they are created" (Ps. 104:30).
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Chapter 6: Evolution and Continuing
Creation
The publication of Charles Darwin’s On the Origin of Species in 1859
was the most important event in an intellectual revolution that continues
to affect many areas of thought. The concept of evolution has changed
our understanding of nature and thereby challenged our views of
humanity and our view of God’s relation to nature.
There were evolutionary ideas before Darwin, but his writings presented
the first systematic theory along with extensive supporting evidence.
Serving as naturalist on the HMS Beagle during a five-year voyage
around the world, Darwin had observed many small variations between
similar species. Six years later, reading Malthus’s essay on human
populations competing for limited resources, he found the clue for a
theory by which to interpret the data collected on the voyage. Two ideas
were central in his theory of evolution. First, in every population there
are small random variations, which can be inherited. Second, in the
struggle for survival some of these variations confer a slight competitive
advantage, leading over a period of many generations to the natural
selection of the characteristics that contributed to survival. Darwin
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argued that through such natural selection new species have come into
existence. In The Descent of Man (1871) he extended his theory to
include human origins.
Previously it had usually been assumed that the forms of all living
things were fixed when they were created. The order of nature was
thought to be essentially static and unchanging. In the evolutionary
view, all nature is dynamic, changing, and historical in character.
Previously, humanity was sharply distinguished from the rest of nature.
Since Darwin, humanity has been understood to be part of nature, the
product of a common evolutionary heritage. Darwin looked on nature as
a network of interacting, interdependent beings, and in this respect he
can be considered a forerunner of ecology.
Darwin’s theory also represented a threefold challenge to traditional
Christianity.
1. A Challenge to Biblical Literalism. A slow process of evolution
cannot be reconciled with the seven-day creation in Genesis. This was
not a new challenge. Earlier in the century, uniformitarian geology and
the fossil evidence of extinct species had pointed to a long history of life
on earth. On the other hand, symbolic rather than literal interpretations
of Genesis had been defended earlier by many Christian writers,
including Augustine, Luther, and Galileo. In response to Darwin, some
theologians defended biblical inerrancy and rejected all forms of
evolution, but they were in the minority. Most conservatives reluctantly
accepted evolution (though sometimes insisting on the special creation
of the human soul). The liberals, on the other hand, welcomed the
growth of science and said that evolution was consistent with their
optimistic view of historical progress. They were soon speaking of
evolution as God’s way of creating. Most Christians were able to
accommodate this challenge, though for the "scientific creationists" it is
still an issue, as we have seen.
2. A Challenge to Human Dignity. Previously, human beings had been
set apart from all other creatures, their unique status guaranteed by the
immortality of the human soul and the distinctiveness of human
rationality. But now humanity was treated as part of nature. No sharp
line separated human and animal life, either in historical development or
in present characteristics. Darwin and many of his successors stressed
the similarities of human and animal behavior, minimizing any
distinctive features of human language and culture. The "social
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Darwinists," such as Herbert Spencer, used "the survival of the fittest"
to justify a competitive economic and social order. Darwinism seemed
to pose a major threat to human self-understanding. We will consider
human nature in the light of evolution in the next chapter.
3. A Challenge to Design. In 1802, William Paley had given the classic
rendition of the argument from design. If you find a watch on the
ground, with intricately coordinated parts, you infer that there must have
been a watchmaker. The human eye is an even more wonderful
structure, integrated around the one purpose of vision. Within a static
universe, the complex functioning of the various parts of organisms and
their harmonious adaptation to their surroundings seemed to be strong
evidence of an intelligent designer. But Darwin showed that adaptation
could be accounted for by an impersonal process of variation and
natural selection. The year after his first book was published, he wrote
to the Harvard biologist Asa Gray: "I am inclined to look at everything
as resulting from designed laws, with the details, whether good or bad,
left to the working Out of what we may call chance. . . . I cannot think
that the world as we see it is the result of chance; yet I cannot look at
each separate thing as the result of Design."1
Asa Gray himself said that evolution was God’s way of creating; design
is evident in the whole process of chance and law by which diverse
forms came into being. But some of Darwin’s successors, such as T. H.
Huxley, attacked even this wider design argument, asserting that
humanity is the product of impersonal and purposeless forces. The
question of design was the most influential and enduring of these three
challenges, and we will give particular attention to it in this chapter.
I. Evolutionary Theory
Since Darwin’s day, scientists have accumulated an immense amount of
evidence supporting both the historical occurrence of evolution and the
hypothesis that variations and natural selection are the main causes of
evolutionary change. But vigorous debates continue concerning some of
the details of their operation and the role of other factors. We must look
at the role of DNA and current theories about the origin of life.
Information theory and systems theory also throw light on the historical
evolution of organisms and their present functioning.
1. The Modern Synthesis
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In the twentieth century, work in population genetics has greatly
advanced our understanding of the inheritance of variations, about
which Darwin could only speculate. Mendel’s laws of heredity were
studied in plant, insect, and animal populations, both in the field and in
the laboratory. It was also found that an occasional individual had a
characteristic, such as eye color, which differed markedly from the rest
of the population. The frequency of such mutations could be increased
by exposure to Xrays and certain chemicals. Mutations and the
recombination of units of heredity (genes) from two parents were seen
to be the main sources of variation, and both were evidently random
processes unrelated to the needs of the organism. Genetics and
evolutionary theory were brought together in a systematic neoDarwinian framework, to which Julian Huxley in 1942 gave the name
"the Modern Synthesis." Among its exponents have been Ernst Mayr,
Theodosius Dobzhansky, and Gaylord Simpson.2
Population studies also greatly extended our understanding of natural
selection. A "species" was identified with a reproductive population
rather than a characteristic type. There is usually considerable diversity
within a population, and evolution occurs when a shift takes place in the
relative frequency of genes. In the Modern Synthesis, evolution was
thought to occur slowly and gradually by the accumulation of small
changes. Often these changes are induced by a changing environment.
Mutants not useful in one environment may turn out to be highly
adaptive in other surroundings. Among a species of light-colored moths
there occurs a rare dark mutation, which is conspicuous against lightcolored tree trunks and is picked off more rapidly by birds. But on the
soot-darkened trees of industrial areas, the dark moth is less
conspicuous; in the past century it has completely supplanted the lightcolored form in parts of England.
In Darwin’s day, natural selection was understood primarily as the
survival of the fittest under conditions of competitive struggle. In this
century, selection was equated with differential reproduction and
survival, and the importance of cooperation as well as competition was
recognized. Sometimes symbiotic cooperation between two species
enables both to survive. At other times a division of labor among
diverse members of a social group, such as a termite colony, may be the
key to its success. The study of ecosystems has traced complex patterns
of interdependence in biotic communities.
Recent techniques for comparing the molecular structure of similar
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proteins in various living species allow us to estimate the time since
their lineages diverged. For example, the enzyme cytochrome-C in
human beings consists of a sequence of 104 amino acids. In the
comparable sequence in rhesus monkeys, only one of these amino acids
is different; horses have 12 that differ, and in fish there are 22,
indicating increasingly distant kinship. The evolutionary history
established by this biochemical method agrees well with evidence
derived from two completely different disciplines: the study of fossil
records by paleontologists, and the comparison of the anatomy of living
species by taxonomists.3
Before Darwin, Lamarck had claimed that evolution occurred because
an animal’s behavior produced physiological modifications that were
inherited by its offspring. The giraffe’s neck is long, he said, because it
has been stretched by generations of reaching for leaves on trees. Such a
direct inheritance of acquired characteristics was subsequently
discredited. In reaction to Lamarckianism, Darwinians tended to
minimize the role of the organism’s own behavior in its evolution.
Change was viewed as the product of the external forces of natural
selection acting on an essentially passive population.
But early in this century, Baldwin and Lloyd Morgan defended "organic
selection"; they granted that the environment selects organisms, but they
pointed out that organisms also select their own environments. More
recently, C. H. Waddington’s idea of genetic assimilation underscores
the importance that behavior can have, without violating Darwin’s basic
postulates. He assigns great significance to an indirect effect whose longterm results are similar to Lamarckianism. Suppose that during a time of
food scarcity a species of birds adopts a new habit of probing for insects
under the bark of trees. Thereafter, those mutations or variations
associated with longer beaks will tend to survive more efficiently and
will be selected. Novel activities can thus bring about novel forms.
Functional changes may precede structural ones. A new behavior
pattern can thus produce an evolutionary change, though not in the
simple way Lamarck assumed.4
Alister Hardy contends that modern biologists have emphasized the
mechanical role of external forces acting on random mutations and have
neglected the fact that internal drives can decisively modify evolution.
He discusses the curiosity and initiative of animals, their self-adaptation,
instinct and learning, and other findings of ethnology. He concludes, "I
think we can say, from the many different lines of argument, that
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internal behavioral selection due to the ‘psychic life’ of the animal,
whatever we think about its nature, is now seen to be a most powerful
creative element in evolution."5 We do not have to imagine that random
mutations at the molecular level are the chief agent in the initiation of
change; they may serve rather to perpetuate changes first introduced by
the initiative of the organism itself. Of course, this does not imply that
organisms were trying to evolve, but only that purposive behavior as
well as chance mutation was important in setting the direction of
evolutionary change.
2. Current Debates
Several features of the Modern Synthesis have been challenged in recent
years. In some cases the critics call for an extension of the synthesis; in
others they modify some of its assumptions.
1. Punctuated Equilibrium
Starting in the 1930s, Goldschmidt and others challenged the
assumption that evolution occurs through the gradual accumulation of
small changes. They said that laboratory studies had documented only
changes within species, not the formation of new species. Few fossils
had been found representing transitions between species, much less
between major types (classes or phyla). They proposed that new species
and phyla arise suddenly from very rare cases in which a viable creature
is produced by "systemic" mutations, such as those that modify an early
stage of the embryo’s development.6
More recently, Stephen Jay Gould and Niles Eldredge have defended
"punctuated equilibrium." The fossil record shows long periods of stasis
-- millions of years with very little change -- interspersed with bursts of
rapid speciation in relatively short periods. They postulate that whole
developmental sequences changed at once, leading to major structural
changes. Speciation could occur rapidly if a small population was
geographically isolated. They claim that previous evolutionary theory
was not false but incomplete, especially in accounting for speciation.7
Proponents of the Modern Synthesis reply that their theory is more
varied and flexible than these critics acknowledge. The absence of
transitional forms is a result of the incompleteness of the fossil record.
Changes that appear rapid on the scale of geologic time (over a period
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of fifty thousand years, let us say) can encompass many generations.
Thus Stebbins and Ayala think that many of Gould’s ideas can be
included in an enlarged version of the neo-Darwinian synthesis.5 The
remaining debate seems to be mainly over the relative importance of
small and large variations in evolutionary change.
2. Nonadaptive Changes
The Modern Synthesis held that natural selection is the primary
directive force in evolution and that every new trait is an adaptation
contributing to survival. Some critics suggest that this is an unfalsifiable
claim, since one can always think up a possible selective advantage or
introduce ad hoc auxiliary hypotheses for which there is no independent
evidence. Gould and Lewontin attack such "panselectionism" and
suggest that selection is an important but not exclusive factor. "Selection
may be the ultimate source of evolutionary change, but most actual
events owe more of their shape to its nonadaptive sequelae."9
It has been known for some time that detrimental changes do occur. For
example, the antlers of the Irish elk evolved to such enormous size that
they became very unwieldy. Many such changes can be explained as
byproducts of other changes, since a constellation of genes controls a
whole package of developmental processes. (In this case, larger antlers
may have accompanied larger and stronger bone structures, which
would have conferred a selective advantage.) Organisms are integrated
wholes, and a particular gene may hitchhike with other genes that are
selected. Structures originally arising for one function can later be
coopted for other purposes that contribute to survival.
Genetic drift from neutral mutations is another form of nonadaptive
change. Many variations neither foster nor hinder survival, and their
perpetuation seems to have been a matter of chance. If a large
population is broken up into small groups, statistical or sampling
variations will be present among the groups. In changing environments,
a small isolated population might have been a bottleneck of
evolutionary history, and the particular genes that it perpetuated may
have been a matter of chance rather than selective advantage.10
3. Multilevel Selection
In the Modern Synthesis, individual organisms are selected and their
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genes are passed on. But Wyne-Edwards, Hamilton, and others focused
attention on groups of related organisms. A bird’s warning cry
endangers individual survival, but it helps the survival of a kinship
group with shared genes. Such "altruistic" behavior would contribute to
inclusive fitness and kin selection. These phenomena are prominent in
the writings of Wilson, Dawkins, and other sociobiologists; in the next
chapter we will examine their claims concerning altruism and genetic
determinism. Here we note that they see selection as operating on
kinship groups to maximize the transmission of their genes. Critics have
seen these views as reductionistic, and they propose a hierarchical
model in which selection occurs at a variety of levels.
Hull and others have argued that a species is an important unit of
selection. The history of a species is similar to that of an organism, but
on a much longer time scale. An organism produces other organisms by
reproduction; a species produces other species by speciation. An
organism perishes in death; a species perishes in extinction. As we ask
about high reproductive rates in organisms, so we might ask what
characteristics of a species produce high speciation rates. There can thus
be branching, persistence, and selection of inheritable variations on
several levels at once. Changes at one level will constrain those at
another level. 11
4. The Active Role of Genes
In neo-Darwinism, random mutations and the recombination of genes
provide the raw material of change, but the directionality of evolution is
entirely the result of natural selection. The genes are completely passive
before the selective forces of the environment. But some biologists
suggest that genes play a more active role in their own evolution. For
one thing, the mutational repertory of a gene is a function of its
structure, which limits the operation of chance. Some changes are the
result of the transposition of genes, and transposability is a function of
gene structure. Some enzymes also promote mutation. The ability to
evolve faster depends on internal as well as external factors. A species
can in effect learn to evolve, using strategies successful in the past.12
Most molecular biologists have accepted the assumption (often called
the Central Dogma) that information in organisms passes in only one
direction, from genes to proteins. But Stuart Kaufman and others have
shown that there are ways in which proteins affect genes.13 Some
enzymes manipulate the genetic message in response to signals from the
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environment. Immune systems act as sensors for environmental and
bodily changes, and there are codes for gene repair in response to
damage. Moreover, embryonic development takes place according to
basic forms, structures, and rules that limit the options. The
developmental pathways channel change and constrain the
morphological possibilities. Some of this developmental information
resides in the cell’s cytoplasm.14 These claims suggest the need for a
considerable enlargement of the Modern Synthesis, though not its total
rejection.
3. DNA and the Origin of Life
The discovery of the structure of DNA by Watson and Crick in 1953
opened the door to the analysis of genes at the molecular level. The
DNA molecule was shown to be a double strand. At regular intervals
along each strand is a projecting nucleotide base (one of four bases,
abbreviated A, C, G, and T), which is linked to a base in the opposite
strand. The base pairs form cross-links like the rungs of a ladder. An A
base will link only with a T base, and C only with G. Here was a
mechanism for one of the crucial properties of genes: replication. If the
two strands separate, every base in each strand will attract a new partner
base (from the surrounding fluid) and build up a new partner-strand
identical to the old one, with A, C, G, and T units in exactly the same
order. Mutations are apparently caused by damage to a portion of the
DNA molecule or by defective replication.
The other important property of genes is the control of developmental
processes. All living organisms are composed of protein chains built out
of simpler building blocks, the twenty amino acids. The DNA remains
in the cell nucleus, but its distinctive sequences are copied on single
strands of messenger-RNA and carried to other parts of the cell, where
amino acids are assembled into protein chains. It was found that there is
a genetic code in which a distinctive group of three bases corresponds to
each of the twenty amino acids. The order of the triplets in the DNA
determines the order in which the amino acids are assembled into
protein chains.
In the DNA, then, an "alphabet" of just four "letters" (A, C, G, and T
bases), grouped in three-letter "words" (each specifying one of the
amino acids), is arranged in "sentences" (specifying particular proteins).
Thousands of sentences of varying length and word order can be made
from the twenty basic words, so there are thousands of possible proteins.
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Long paired strands, made of exactly the same four bases in various
sequences, constitute the genes of all organisms, from microbes to
human beings. In all known organisms, the same code is used to
translate from DNA to protein, which seems to indicate a common
origin for all living things.
The origin of life remains a mystery, but some possible pieces of the
puzzle have been proposed. In 1953, Stanley Miller passed sparks
through a flask containing only a mixture of simple gases and heated
water (the inorganic compounds that were probably present in the early
atmosphere and ocean). He found that he had produced many of the
amino acids. Other scientists detected the spectra of simple organic
compounds in interstellar gas clouds, and amino acids were found inside
meteorites arriving from outer space. Glycine was the most abundant
amino acid in both the Miller experiments and in the meteorites, as it is
in living organisms. Alanine was second in all three cases. Perhaps the
earliest forms of life arose in such a prebiotic soup. More complex
proteins can form microspheres, which in some cases grow and split
into two smaller spheres, resembling rudimentary cells.15
An alternative theory proposes that a primitive form of replication
occurred first in crystals of clay or other minerals. For a given mineral,
one of the alternative crystal structures, and whatever flaws are present
in it, is copied onto successive layers. A small piece of mineral dust,
dropped in a supersaturated solution, acts as a "seed" around which a
new crystal grows, replicating the flaws in the original. If some versions
survive better than others, there would be a rudimentary selection
system. Certain organic molecules are known to facilitate such crystal
replication. Perhaps organic molecules at first assisted inorganic
replication and later achieved self-replication on their own.16
But how could DNA and the genetic code have arisen? The coding
molecules in an organism today are themselves the product of coded
instructions. We seem to face a chicken-and-egg dilemma, as far back as
we go. But Manfred Eigen has shown that if you string nucleotide bases
together, some combinations are more stable than others. There could
have been an early form of chemical evolution, a prebiological selection
of more stable combinations. The most stable and abundant triplet,
GGC, corresponds to the simplest and most abundant amino acid,
glycine. GCC is second in abundance; it corresponds to alanine, also
second. Eigen proposes a hypothetical "hypercycle" of four simple RNA
chains, which could replicate and also synthesize proto-proteins.17 This
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would still be a long way from DNA, and much remains puzzling, but
the gap between nonliving and living forms does not seem as wide as it
did a few decades ago.
It has often been assumed that the Second Law of Thermodynamics
excludes the emergence of more highly ordered states, since entropy or
disorder tends to increase in closed systems. But I pointed out in chapter
4 that organisms are open systems, citing Prigogine’s work on the
appearance of more complex patterns of order in physical systems far
from equilibrium. In discussing the origins of life, Jeffrey Wicken has
shown that self-organizing dissipative systems can contribute to the
production of entropy in irreversible energy flows. The accumulation of
organization and structure provides boundary conditions on the
operation of physicochemical processes; there is randomization within
constraints. The given chemical affinities and bonding preferences
provide internal limitations on structural possibilities. Wicken observes
that to explain a state in classical physics, one needs only a set of initial
conditions and a set of laws. But to explain a state in the biological
world, one needs a historical account of change and cumulative
selection. Moreover, an organism is selected as part of a total ecosystem
that constitutes a flow of energy and materials. Wicken argues that
evolutionary explanations must be holistic in both time and space.18
4. DNA, Information, and Systems Theory
The evolutionary role of DNA as an encoded message is illuminated by
work in information theory. In chapter 4 we saw that order and
information are represented by improbable combinations of
components. Entropy and disorder tend to increase in a closed system,
leading to a loss of information. During World War II interest grew in
the reliable communication of messages by radio. In that context, noise
is disorder that degrades a message. According to information theory,
there are two ways of reducing such loss: (1) redundancy, in which
portions of the message are repeated, and (2) rules, which set constraints
by restricting the allowable combinations, while still allowing novelty
and diversity. All languages have spelling rules for combinations of
letters and grammatical rules for combinations of words.
Information in living organisms is preserved in the same two ways.
There is considerable redundancy in the sequences of DNA in the
genes. There seems to be redundancy in the storage of information in
the brain, since people can undergo considerable brain damage without
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loss of memory or function. In perception, too, reliability is increased by
redundancy. The genes themselves seem to have internal structural rules
that limit the possible combinations and restrict the operation of chance,
though here we know more about the alphabet than about the grammar.
Yet there is ample opportunity for novel messages. For evolution to
occur, mutations must be neither too rare nor too frequent. Jeremy
Campbell writes, "The lesson of information theory is that choice and
constraint can coexist as partners, enabling a system, be it a living
organism, a language, or a society, to follow the arrow not of entropy
but of history."19
For evolution to occur information must flow in two directions, both
from and to the genes. Consider first the expression of the DNA in the
growing organism. The linear message of the DNA molecule produces a
linear protein chain, but because there are characteristic bonding angles
and folds in the chain, the result is a distinctive three-dimensional
protein structure, with sites for side groups. Message leads to structure,
and structure leads to function. A very complex set of genetic regulatory
programs with activators and repressors switches the activity of other
genes on and off, so that the right kind of cell is produced at the right
place and at the right time in the growing embryo and in the continuing
functioning of the organism. In this context, the DNA embodies
effective information, that is, a set of instructions.
Information about the environment is also transmitted to the gene pool
There is information on what has proved viable and how the organism
can make its way through the world, including encoded instinctive
behavioral patterns. This represents a memory capacity through which
the story of life is written in the DNA. We could say that the system
shows a kind of learning ability, a trial-and-error testing in a series of
information gathering experiments reaching up to larger units:
organisms, populations, and ecosystems. Considerable unused
information is stored in the DNA, which can be called on under altered
environmental conditions. Here is a cybernetic or feedback system for
gaining, storing, retrieving, and using information. The action of DNA
is context-dependent and requires a two-way flow of information
between levels. Information, along with matter and energy, is thus a
basic constituent of reality, and it is relational in character. Words
convey a message only when they are read. Information is contextdependent.
Imagine a person writing a book that is organized in chapters,
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paragraphs, sentences, words, and letters. The choice of letters is
determined by the choice of words, and the words are governed by the
formulation of sentences, and so forth. The writer also assumes a whole
set of encoding conventions: grammatical rules, linguistic practices, and
the alphabet and vocabulary of a particular language-using community.
The reader, in turn, uses the same rules to decode the message. The
book can be translated into another language, or it can be read aloud,
expressing the same message in another medium.
In the case of DNA, too, the meaning of the part depends on larger
wholes. Control sequences (operons) regulate whole blocks of activities.
Recognition codes provide responses to particular molecular structures.
Developmental pathways aid the differentiation and growth of cells in
particular organs. Homeostatic feedback mechanisms, such as those for
temperature regulation, represent norms for the functioning of the
organism as a whole. In each case the patterns among components at
one level set boundary conditions for activities at lower levels, The
patterns in the DNA do not violate the laws of physics and chemistry,
but they could never be deduced from those laws. Information is
recorded and utilized in hierarchically organized patterns. The meaning
of the parts is determined relationally and contextually by their
participation in larger wholes.20 A similar hierarchical ordering is
present in computer programs. In that case, too, the message (software)
can be distinguished from the medium (hardware). We will examine
computers and the Information Revolution in the next volume.
DNA constitutes a developmental and functioning program only in
conjunction with molecules in the cytoplasm, which provide a milieu
and support structure. The genetic program has been preserved from the
past and functions in the present because of the behavior of larger units -including, finally, the whole interdependent ecosystem with its cycles
and interactions of energy, materials, and information. Each unit
achieves stability by being nested in a larger whole to whose stability
and dynamism it contributes. As Wicken puts it, "Nature produces itself
hierarchically -- one level establishing the ground of its own stability by
utilizing mechanisms made available by lower levels, and finding
functional contexts at higher levels."21
The relation among levels of order has been analyzed in systems theory,
especially in hierarchy theory. Information theorist Herbert Simon asks
us to imagine a watchmaker whose work is disrupted occasionally. If
the watchmaker has to start over again each time, he may never finish
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his task. But if he assembles groups of parts in stable subassemblies,
which are then combined, he will finish the task more rapidly. Living
organisms have many such stable subassemblies, with differing bonding
strengths, which are preserved intact and only loosely coupled to each
other. The higher level of stability often arises from functions that are
relatively independent of variations in the microscopic details. The
collective integrated behavior can be described in a simpler way at a
higher organizational level.22
Here is a clue as to how evolution can exhibit both chance and
directionality. Chance is present at many levels: mutations, genetic
recombination, genetic drift, climatic variations, and so forth. Evolution
is an unrepeatable series of events that no one could have predicted; it
can only be described historically. Yet history has seen an ascent to
higher levels of organization, a trend toward greater complexity and
sentience. The dice are thrown, but the dice are loaded; there are built-in
constraints. In particular, modular structures are relatively stable, and so
the advances are conserved. Think of a gear that can make small random
rotations in either direction. If it has a ratchet that occasionally clicks in
place, rotation in one direction will be favored in the long run. Another
analogy is a ball on a hill with small terraces, offering "metastable
states" in which the ball can rest without returning to the bottom.
There are two kinds of hierarchy. First, considered historically, is
genealogical hierarchy: gene, organism, and species. The units are
identified by their historical role in replication and evolutionary change.
Second, considered at any point in time, is an organizational hierarchy:
atom, molecule, cell, organ, organism, population, and ecosystem. Here
units are identified by their relative stability and their action and
interaction as integrated units. Entities at any level share many
properties with other entities at that level and share relatively few
properties with entities at other levels. In both hierarchies information
flows between levels. In the second case, Niles Eldredge and Stanley
Salthe speak of an "upward influence" when many lower-level
subsystems work together as necessary conditions of a larger whole, and
a "downward influence" when many subsystems are constrained by the
boundary conditions set by higher-level activities.23 How are these
hierarchical levels related to each other?
II. A Hierarchy of Levels
Francis Crick, the co-discoverer of the structure of DNA, has written:
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"Thus eventually one may hope to have the whole of biology
‘explained’ in terms of the level below it, and so on right down to the
atomic level. . . . The knowledge we have already makes it highly
unlikely that there is anything that cannot be explained by physics and
chemistry."24 The spectacular success of molecular biology has
sometimes been taken as support for such reductionist claims. We will
consider several forms of reductionism and then reply to them by
defending a hierarchy of distinctive levels, both in evolutionary history
and in the activity of organisms today. The discussion here is
philosophical, but it involves the interpretation of biology. Theological
issues are taken up in section III.
1. Three Forms of Reduction
Three forms of reduction can be distinguished:25 (1) methodological
reduction as a research strategy; (2) epistemological reduction as a
relation between theories; and (3) ontological reduction as a view of
reality. They can be distinguished because they make different kinds of
claims, though many authors shift uncritically from one to another.
1. Methodological Reduction. A Research Strategy
It is often a useful research strategy to study a complex whole by
breaking it up into more manageable component units. In particular, the
analysis of molecular structures and interactions has been a powerful
tool in biological research. One could adopt reduction as a practical
research strategy without claiming that all biological theories will be
derived from chemical theories, or that nothing exists in the world
except material particles.
If, however, methodological reduction is held to be the only valid
research strategy, it can lead to the exclusion of synthetic or
"compositionist" approaches, in which more inclusive wholes are
studied. Some have feared that the bandwagon of interest in molecular
biology would lead to the neglect of fields that deal with the whole
organism, such as population genetics, embryology, ecology, and
animal behavior. The biologist Clifford Grobstein makes a plea for
multilevel analysis: "Sophisticated biological investigation thus involves
a cross-feed of information between analyses proceeding at several
levels."26 Another biologist, Ernst Mayr says that dissection into
components is helpful because processes at different levels are in some
respects independent, but it is inadequate because these processes are
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also interdependent.27
Alexander Rosenberg, a philosopher of science, holds that lower-level
regularities are often too complex to allow the prediction of higher-level
regularities. In practice, higher-level relationships must be investigated
in their own terms. Biology is often organized around functions that can
be identified only in relation to larger units and activities.28 Moreover,
randomness at one level often has no connection with randomness at
another level (for example, the pairing of mates in a population and the
combination of genes from a particular pair). Methodological reduction
may be accepted, then, as long as it does not lead to the neglect of
research programs at a variety of levels, from molecules to ecosystems.
2. Epistemological Reduction: A Relation Between Theories
Here the claim is that the theories or laws of one level can be derived
from those of another level. For examples the laws relating the volume,
pressure, and temperature of a sample of gas can be derived from the
mechanical laws governing the motion of molecules (if temperature is
identified with the average kinetic energy of the molecules). According
to the philosopher Ernest Nagel, there are two conditions for the
reduction of one theory to another: (1) the connectability of all concepts
in the two theories, and (2) the derivability of one set of theoretical
statements from the other. Nagel shows that many biological concepts
cannot be defined in chemical terms.29 In the same vein, another
philosopher, Morton Beckner, maintains that there are distinctive
biological concepts, referring to the functioning of higher-level units,
that cannot be translated into the concepts of physics and chemistry.
Integrative functions are not specifiable by terms referring to the parts
alone.30
Biologists have also upheld the distinctiveness of biological concepts.
Francisco Ayala lists fitness, adaptation, predator, organ,
heterozygosity, and sexuality among the biological concepts that cannot
be translated into statements about molecules. Mayr claims that the
uniqueness and unpredictability of evolutionary events can be described
only by historical narrative, not by any set of lawful regularities.
Genetic information can be accounted for only historically; particular
sequences of DNA cannot be deduced from chemical laws. Moreover,
the description and explanation of the behavior of organisms in terms of
teleological categories (goals and purposes) will always be useful
because there are diverse means to reach a particular goal.31
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Looking at the history of modern biology, Lindley Darden and Nancy
Maull argue that interlevel theories were introduced as new hypotheses
that could not have been derived from the theories of either field. They
describe a field of inquiry as a set of distinctive theories, problems,
techniques, and vocabularies. The connections between the vocabularies
of differing fields were first advanced as imaginative hypotheses. For
example, in 1904 it was postulated that genes (unobserved theoretical
entities by which geneticists accounted for observed hereditary
variations) are located in the chromosomes (dark-stained filaments
observed by cytologists in the study of cell nuclei). In the 1950s, the
genes of genetic theory were identified with DNA structures (molecular
configurations studied by biochemists) through the hypothesis that DNA
controls developmental growth Jacob and Monod’s operon theory of
regulatory genes (1961) and subsequent research on the role of enzymes
in protein synthesis elaborated on this hypothesis. The research was a
response to questions that could not be answered in either genetics or
molecular biology alone, and it led to concepts different from those in
either field at the time. Darden and Maull suggest that the unity of
science is an important goal, but it is not achieved by theory reduction:
An interfield theory, in explaining relations between two fields,
does not eliminate a theory or field or domain. The fields retain
their separate identities, even though new lines of research
closely coordinate the fields. . . . It becomes natural to view the
unity of science, not as a hierarchical series of reductions
between theories, but rather as the bridging of fields by interfield
theories.32
3. Ontological Reduction: A View of Reality
Here an assertion is made, not about research strategies or the relation
between theories, but about the kinds of things that exist in the world.
When it is stated that organisms consist of "nothing but atoms," a
metaphysics of materialism and atomism is asserted. It is assumed that
the true nature of an entity is manifest at its lowest level.
Materialism among modern biologists is partly a reaction to vitalism, in
which life was held to be a special nonmaterial principle or agency. In
the 1930s, Driesch interpreted experiments in embryology as evidence
of a vital agent within the developing embryo, a purposeful "entelechy"
which adjusts processes to achieve a future goal in spite of obstacles
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(for example, a newt can grow a new limb after an amputation). But the
idea was vague and offered no testable hypotheses for particular cases,
so it has been scientifically useless. Moreover, there is no clear line
between living and nonliving forms (viruses, for instance, share
characteristics with both). Vitalism has almost no advocates today, but
the desire to avoid it has swayed many biologists toward a materialistic
metaphysics.
Organicism seems to be a compromise between materialism and
vitalism, but at crucial points it differs from both. Here life is
understood as a type of organization and activity, not a separate
nonmaterial entity or substance. There is no impassable gulf between
the living and the nonliving (either in evolutionary history or among
present forms), but rather a continuity of interdependent levels.
Organicists oppose epistemological reductionism and defend the
distinctiveness of biological concepts, but they go further in asserting
that organismic concepts refer to aspects of the real world. If an
organism is an integral whole with a hierarchy of levels of organization
and activity, one can defend the distinctiveness of biological processes.
Processes at one level are not fully determined by those at lower levels,
and yet there is no violation of the laws governing processes at lower
levels.
2. Levels, Emergence, and Wholes
We must look further at the distinction between levels of analysis (an
epistemological concept) and levels of organization and activity
(ontological concepts).
1. Levels of Analysis
Every field of inquiry is limited by its conceptual tools. Any set of
concepts is abstractive and selective, representing a particular way of
simplifying complex phenomena. Complementary models may
sometimes be helpful in analyzing phenomena at a given level. Diverse
models are employed on differing levels, and none’ gives an exhaustive
account. Higher-level theories are heuristically useful in correlating
features of the integrated behavior of larger wholes, even when
interlevel theories have been developed. Instrumentalists would uphold
the value of theories at a variety of levels without making claims about
the existence of levels in nature.
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2. Levels of Organization and Activity
The philosopher William Wimsatt holds that nonreducible concepts
with many links to observations should be given an ontological but
revisable status as "candidates for reality." Differing levels of analysis
reflect real structures in the world, though in a limited and partial way.33
The critical realism that I defended in earlier chapters would allow for
ontological as well as epistemological levels, that is, a multileveled
view of reality. Organicism postulates significant differences among
levels but without the sharp breaks and dualistic contrasts portrayed by
vitalism. Nature consists of relatively stable strata within a continuous
spectrum of complexity. Levels of organization specify structural
relationships. Levels of activity specify events and processes.
A hierarchy of functional processes is always closely correlated and
integrated with a hierarchy of structural parts. In a systems framework,
the parts are identified, conceptualized, and related to one another
through their roles in functionally construed processes. On the other
hand, the functions are fulfilled through the interaction of the parts.
These are complementary rather than competing ways of describing the
same system. Stephen Toulmin writes, "Indeed, the very organization of
organisms -- the organization that is sometimes described as though it
simply involved a ‘hierarchy’ of progressively larger structures -- can
better be viewed as involving a ladder of progressively more complex
systems. All these systems, whatever their level of complexity, need to
be analyzed and understood both in terms of the functions they serve
and also of the mechanisms they call into play."34
Evolutionary history has seen the emergence of novel forms of order
and activity that could not have been predicted from previous forms.
The evolutionary account is inescapably historical rather than deductive
in character because there is both chance and emergence in nature.
When, successively, molecules, cells, and organisms appeared, they
brought new properties and kinds of behavior. New forms of purposive
behavior and mental life finally blossomed into consciousness and then
self-consciousness.
A two-way interaction of wholes and parts occurs at many levels. We
saw the importance of wholes already at the quantum level, as evident in
the Pauli Exclusion Principle and the Bell’s Theorem experiments. The
atom must be viewed as a total vibratory system; the electron is more
like a state of the system than a separate individual entity. In an
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ecological view of living things, every entity is considered within a
hierarchy of more inclusive wholes. Interlevel theories often describe
the behavior of parts in forming wholes. In process philosophy,
relationships are constitutive of every entity; relations are internal rather
than only external to its being.
Wholes of diverse types are conveniently represented by the flexible
term societies. The process philosopher Charles Hartshorne calls an
organism "a society of cells." In some societies (for example, a pile of
sand grains) all members are of the same grade and there is almost no
overall structure; the whole has less unity than each of its parts. Other
societies consist of loose aggregates (for example, a sponge or even a
tree) whose parts are relatively independent. An ant colony has some
coordination and division of labor but no central agent. Other societies
are well-unified wholes with radically dominant members and complex
internal organization. Even in a human being, however, each cell has
considerable independence; various organs and subsystems (heart,
endocrine system, and so forth) function apart from any conscious
control. Only with the growth of the nervous system is the unification of
the experience of the whole organism achieved.35
The degree of subordination of part to whole thus varies widely. In the
hierarchy of levels, the organism is the unit of reproduction and usually
has a more complex integrative organization than levels above or below
it. But there is great diversity in the kinds of integration that can occur at
any of these levels. Consequently, there are variations in the extent to
which a part preserves or loses its autonomy when it contributes to a
larger whole. In general, an activity at any level is influenced by
patterns of activity at both higher and lower levels. In this sense one can
say that part and whole mutually influence each other, without implying
that the whole is somehow an entity existing independently of the parts.
Michael Polanyi points out that a machine’s design imposes boundary
conditions on chemical and physical processes. The laws of physics and
chemistry are not violated, but they are harnessed for organized
functions. He suggests that the morphology and structure of an organism
similarly constitutes boundary conditions that are not required by
biochemical laws but are compatible with such laws.36 In the case of the
machine, of course, it is the human designer who "harnesses" the laws,
and the behavior of the whole machine is similar in character to that of
the parts, so the analogy is rather limited. Donald Campbell gives a
more complex analysis of the downward causation through which
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processes at lower levels are constrained by relationships at higher
levels. For example, the huge jaws of the soldier termite are the
developmental product of its DNA, but the DNA is itself the product of
the selection of the whole organism in its dependence on the termite
colony. (The jaws are so large, in fact, that it cannot feed itself and has
to be fed by worker termites.)37 In the world of organisms a complex
interaction takes place among levels.
3. Sentience and Purposiveness
The sentience of simple organisms is a minimal responsiveness to the
environment but sentience takes increasingly complex forms.
Perception is the selective transmission of information about the
environment. Even elementary sense organs can detect features of the
environment relevant to the organism’s life. Perception is an active
process in which patterns important to its survival are picked out and
organized. Responsive action is possible because sensations derive from
an external environment and are taken to refer to it. A one-celled
paramecium has a crude nervous system and a rudimentary form of
memory. If it finds no food at one location it will not persist there but
will use its coordinated oarlike hairs to move to another location. Shortterm memory requires a new way of storing and recalling information,
different from storage in the genes.
Sentience also seems to involve an internal dimension, a center of
perception and action, some sort of elementary awareness and feeling.
By the time a central nervous system appeared, there was a coordinating
network and a new level of integration of experience, which developed
eventually into consciousness and finally self-consciousness. We can try
to imagine the awareness in higher animals and perhaps even that in
lower vertebrates, but we can hardly imagine the rudimentary
experience of invertebrates.
Sentience at even low levels seems to imply at least an elementary
capacity for pain and pleasure. When a neural system is present, pain
serves as an alarm system and an energizing force by which harm can be
avoided. The capacities for both pain and pleasure were presumably
selected for their high survival value. The behavior of animals gives
evidence that they can suffer intensely. It seems likely that there is
suffering in lower creatures, but with much less intensity.38
Some forms of goal-directedness can occur in the inanimate world. A
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simple sensor and activator (such as a thermostat and furnace) can be
connected as a control system, a self-regulating feedback mechanism
that compensates for deviations from a steady state. A self-guiding
missile "seeks its target" by modifying its flight in response to reflected
radar signals; it has a limited flexibility of response to changing external
conditions. But many organisms show much greater flexibility in
actions to achieve a goal under varying conditions. This goes beyond
the cybernetic model of a goal as a source of guiding signals. An animal
may seek food when there is none and may do so in ways not previously
attempted. Memory of past sequences and their outcomes leads to the
anticipation of future occurrences, which serve as goals of present
behavior. Animals and birds can devise novel and circuitous means of
achieving an end, indicating an orientation toward the future and
showing imagination in devising new ways of circumventing
obstacles.39
Various forms of animal and insect behavior suggest the presence of
purposiveness and anticipation. Some foresight is evident even amid
largely instinctive actions. If a wasp encounters difficulties in building a
nest, it will show limited ingenuity in devising new sequences of actions
to complete the task. A rat deciding between two paths, in one of which
it will receive an electric shock, hesitates as if imaginatively anticipating
future consequences. Donald Griffin, Stephen Walker, and others have
written about animal awareness. They have portrayed the evolutionary
continuity of mental experience, the survival value of consciousness,
and the development of higher levels of perception, memory,
intelligence, and communication.40
How far down the scale of life can such concepts be extended? W. E.
Agar and Bernhard Rensch suggest that all organisms should be
considered as feeling, experiencing subjects, even at a rudimentary
level.41 The biologist Sewall Wright argues that in the spectrum of
behavior from higher to lower organisms there is no discontinuity; since
we cannot draw a line at any point, we must assume the universal
presence of something akin to mind. There is no discontinuity in the
development of minds from simpler structures in either the history of
the world (evolution) or of the individual (embryology). "The
emergence of even the simplest mind from no mind seems to me utterly
incomprehensible." Wright concludes that at all organic levels an entity
is mind to itself and matter as viewed by others. The unique creativity of
each individual event and its essential nature as will or mind inevitably
escapes the scientist, who deals only with regularities and sees only the
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2070 (22 of 45) [2/4/03 6:41:20 PM]

Religion in an Age of Science

external side of things.42 I am dubious about such attribution of mind to
low-level organisms but I will argue for the attribution of elementary
forms of experience.
In discussing process philosophy (chapter 8), I will suggest that unified
entities at all levels should be considered as experiencing subjects, with
at least rudimentary sentience, memory, and purposiveness. This will
require reference to levels of experience as well as levels of activity. I
will argue that we must recognize the emergence of distinctive forms of
activity and experience at higher levels; mind and consciousness appear
only at higher levels, and a developed self-consciousness only in human
beings.
III. Theological Implications
As we turn to the theological implications of evolution, we ask first
about the relation of chance to design. Some models of continuing
creation are then explored. Finally, several kinds of theological response
are considered.
1. Chance and Design
Is evolution a directional process? History indeed shows a general trend
toward greater complexity, responsiveness, and awareness. However,
when viewed locally and over shorter periods there seem to be many
directions of change rather than a uniform stream. Short-term
opportunism fills temporarily unoccupied ecological niches, which may
turn out to be blind alleys when conditions change. There is no evidence
of foresight in looking to future needs. Gould gives examples in which a
structure originally filling one function was adapted for another function
in a makeshift way. For instance, the panda’s thumb developed from a
bone and muscles in the wrist, a far from perfect design.43 In some cases
we see retrogression, as when a formerly independent organism
becomes a parasite. And, of course, by far the majority of species have
ended in extinction.
We have seen the pervasive role of chance in evolution, from mutation
and genetic combination to unpredictable changes in environments.
Evolutionary history is irreversible and unrepeatable. Potentialities that
were present at one point were permanently excluded by particular lines
of development. Most mutations are harmful to the organism, or even
lethal. Monod believes that the prevalence of "blind chance" shows that
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the existence of all organisms is accidental and not the product of
design. It is a meaningless universe in which we alone arbitrarily
introduce any meaning in human life.44
Fred Hoyle and Chandra Wickramasinghe, on the other hand, argue that
the origination of any particular protein molecule by chance is
inconceivably improbable. If there are twenty different amino acids and
one wants to construct a protein chain of one hundred amino acids, the
number of possible combinations is enormous. If you shuffled them at
random a billion times a second, it would take many times the history of
the universe to run through all the combinations.45 The argument is
dubious, however, because there are specific attractive forces, and the
various combinations are not equally probable or equally stable. As we
said, the dice are loaded. As larger structures are formed, metastable
states are likely to persist. Complexity comes into being by hierarchical
stages, not in one gigantic lottery. Once there is reproduction, natural
selection is an antichance agency, preserving highly improbable
combinations through successive generations. Evolution shows a subtle
interplay of chance and law.
In evolution we have to look at chance, law, and history. In a roulette
wheel or a kaleidoscope, law and chance are both present in everchanging patterns, but there is no historical memory, and the past is
irrelevant to the future. But in natural history, earlier achievements get
folded into the developmental levels of later organisms because they
have left a record in the genes. The memory of the past contributes to
the present and the future. Evolutionary historicity involves
unpredictability, irreversibility, and memory. Even the general trends
cannot be predicted from scientific laws but can only be described in
historical narratives. John Maynard-Smith writes, "There is nothing in
neo-Darwinism which enables us to predict a long-term increase in
complexity."46 Gould states, "Natural selection is a theory of local
adaptation to changing environments. It proposes no perfecting
principles, no guarantee of general improvement."
Traditionally, design was equated with a detailed preexisting blueprint
in the mind of God. Theologians since the church fathers were
influenced by the Platonic view of an eternal order of ideas behind the
material world. God was said to have a foreordained plan, which was
carried out in creation. In this framework, chance is the antithesis of
design. But evolution suggests another understanding of design in which
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range strategy combined with short-range opportunism arising from
feedback and adjustment. In this strategy, order grows by the use of
chaos rather than by its elimination. There is improvement but not
perfection. There is increasing order and information but no predictable
final state.48 Robert Russell urges us not to equate disorder (entropy)
with evil, or order with the good, for disorder is sometimes a
precondition for the emergence of new forms of order. He cites
Prigogine’s work on systems far from equilibrium as an example of
disorder that leads to novel structures. More generally, new life is
possible only because of the death of the old. Pain, suffering, and the
challenge of crises can contribute to growth.49
D. J. Bartholomew points out that human beings can use chance to
further their purposes. We toss a coin in the interest of fairness, and we
seek random samples in making representative surveys. Many games
combine skill and chance; by shuffling cards we generate variety,
surprise, and excitement. In evolution, he says, variety is a source of
flexibility and adaptability. Varied populations can respond to changing
circumstances better than monocultures, and of course genetic variation
is essential for evolutionary change. Chance and law are complementary
rather than conflicting features of nature. Random events at one level
may lead to statistical regularities at a higher level of aggregation.
Redundancy and thresholds may limit the effects of random events on
integrated systems. On this reading, chance would be part of the design
and not incompatible with it.50
Thus three theological responses to chance are possible.
1. God controls events that appear to be random. Perhaps events are
determined by God, though to us there seems to be an element of
chance. This would be like Einstein’s view that quantum uncertainties
are merely a reflection of human ignorance; but here it would be a
hidden divine action rather than hidden natural causes that exactly
determines every event. We looked earlier at Pollard’s suggestion that
God controls all subatomic indeterminacies. Pollard extends the idea to
the claim that apparently chance events in evolution are predestined by
God. The "accidental" or "coincidental" intersection of two unrelated
causal chains may also have been providentially arranged.51 Donald
MacKay and Peter Geach similarly maintain that every microevent is
divinely directed, without violation of the long-run statistical laws
which science has discerned.52

http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2070 (25 of 45) [2/4/03 6:41:20 PM]

Religion in an Age of Science

But this view seems vulnerable to the objections of Gould and others
that it is hard to imagine that every detail of evolutionary history is the
product of deliberate intelligent design. There have been too many blind
alleys and extinct species and too much waste, suffering, and evil to
attribute every event to God’s specific will. Another objection to this
view is that it is implicitly reductionistic in assuming that God enters
mainly at the lowest level (in atomic or molecular uncertainties). In
Pollard’s view, God acts on larger wholes and higher levels "from the
bottom up" rather than "from the top down."
2. God designed a system of law and chance. This was Darwin’s view in
the letter quoted earlier. Earlier in this century, several authors
portrayed design, not in particular biological phenomena, but in the
systematic conditions that made life and consciousness possible. L. J.
Henderson described the many chemical and physical properties that are
favorable for the existence of life. Carbon, for example, has a unique
place in the organic world because of its variety of multiple bonds.
Henderson combined a teleological view of nature as a whole with a
mechanistic view of its processes.53 F. R. Tennant elaborated a "wider
teleological argument" based on the conditions of distinctively human
existence and the interconnectedness of matter, life, and human
personality.54 The arguments here are like those of the Anthropic
Principle in relation to the early universe, but they deal more
specifically with organic and human life. We have seen that the
structures of DNA and proteins are dependent on incredibly complex
combinations of inter-atomic forces and bonding angles. There is no
reason to think that just any combination of forces would have led to life
and consciousness. Design is identified with the lawful structures of the
world, which make higher-level activities possible.
Recent authors point to both chance and law as expressions of God’s
overall design of the universe. Thus Polkinghorne writes, "The actual
balance between chance and necessity, contingency and potentiality
which we perceive seems to me to be consistent with the will of a
patient and subtle Creator, content to achieve his purposes through the
unfolding of process and accepting thereby a measure of the
vulnerability and precariousness which always characterize the gift of
freedom by love." For Polkinghorne, God is "the ground of physical
process, not a participant in it." Here the problems of waste, suffering,
and human freedom are less acute, for only the general system and not
the details of particular events are expressions of God’s will. Insofar as
chance is really present, the predestination of every event cannot be
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accepted. God designed a system whereby law and chance could lead to
life and mind and the diverse dimensions of human experience. God
does not interfere with the system. But the theologian may object that in
this interpretation God’s role is limited to originating and sustaining the
natural process. We have a world that is more complex and
unpredictable than the Newtonian world machine, but we still seem to
end with an inactive God like that in deism.
3. God influences events without controlling them. This resembles the
second view in rejecting predestination and acknowledging genuine
chance in the world. But it resembles the first view in giving God a
continuing active role, though a limited one. Chance, lawful causes, and
God enter the constitution of each event. God’s purposes are expressed
not only in the unchanging structural conditions of life, but more
specifically in relation to changing situations and patterns. Continuing
creation, in this view, is a trial-and-error experiment, always building on
what is already there. Evolutionary history has involved suffering and
waste throughout, but it has resulted in the appearance of varied and
valuable forms of experience. There are risks that the experiment might
fail on this planet. Human folly may yet lead to a nuclear holocaust in
which civilization, and perhaps the human species itself, does not
survive.
The zoologist Charles Birch maintains that evolutionary history
resembles a vast experiment. It is an unfinished universe, a world in
birth, a dynamic process of trial and error. Struggle and suffering,
accident and chance, uncertainty and risk are never absent. He holds that
we must imagine a continuous and flexible creativity in the process, not
an omnipotent designer executing a preconceived plan. For Birch this
suggests the Whiteheadian God of persuasive love rather than coercive
power, a God who influences and is influenced by the world, who
allows freedom in humanity and spontaneity in nature, and who is
involved in the world and participates in its slow growth. Birch adopts
Whitehead’s view that all entities have an inner aspect; every entity is
considered a center of at least rudimentary experience.56
2. Models of Creation
Before looking at some doctrines that theologians have discussed in
relation to evolution, let us consider some theological models. Models, I
suggested earlier, are less conceptually precise than doctrines but more
powerful in personal religious life and communal liturgy.
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The Bible itself includes a variety of models of God as Creator. Some of
these were indicated in the previous chapter. In Genesis, God is a
purposeful designer imposing order on chaos. God’s command is
powerful and the divine Word is effective. Other biblical images picture
a potter forming an object (Jer. 18:6, Isa. 64:8) or an architect laying out
the foundations of a building (Job 38:4). God is Lord and King, ruling
the universe to bring about intended purposes. The world is a
manifestation of God’s Word and an expression of divine Wisdom,
which communicates meaning. In the New Testament, God creates
through the Word (John 1), a term that, we have seen, brings together
the Hebrew concept of divine Word active in the world and the Greek
concept of Word (logos) as rational principle. The purpose of creation is
made known in Christ, the Word incarnate. Here is a rich diversity of
models, each a partial and limited analogy, highlighting imaginatively a
particular way of looking at God’s relation to the world.
The potter and craftsman analogies assume the production of a
completed, static product. They seem less helpful in thinking about an
ongoing, dynamic process. The image of God as gardener is more
promising, though it occurs rarely in the Bible (for example, Gen. 2:8),
perhaps because the Israelites wanted to distance themselves from the
nature gods of surrounding cultures. The analogies of God as King and
Ruler were emphasized in medieval and Calvinist thought. But the
doctrines of omnipotence and predestination to which they led are
difficult to reconcile with the current scientific view of nature.
In the Bible, the model of father is used for God’s relation to persons,
but there is also a fatherly care for nature (for example, the birds and
lilies of Matt. 6:26). God as mother was a rare image in a patriarchal
society, but it appears occasionally (for example, Isa. 49:15 and 66:13).
The parental analogy is usually drawn from a parent nurturing a
growing child rather than from procreation and birth. This seems a
particularly appropriate image of God’s relation to the world; the wise
parent allows for an increasing independence in the child while offering
encouragement and love. Such an image can maintain a balance
between what our culture thinks of as masculine and feminine qualities,
in contrast to the heavily "masculine" monarchical model of
omnipotence and sovereignty.
The biblical image of God as Spirit seems to me particularly helpful.
Here the analogy is the distinctive vitality, creativity, and mystery of the
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human spirit. The human spirit is the active person as a rational, feeling,
willing self responding to other persons and to God. In the previous
chapter, I pointed out the reference to the Spirit in creation (Gen. 1:2)
and in the continuous creation of the creatures: "When thou sendest
forth thy Spirit, they are created" (Ps. 104:30). The Spirit also represents
God’s activity in the worshiping community and in the inspiration of the
prophets. I will propose in the next chapter that we can think of Christ
as having been inspired by the Spirit. The idea of the Spirit allows us to
bring together our understanding of God as Creator and as Redeemer.
Among contemporary theologians, Conrad Hyers has asked what
models of creation are compatible with a world of order and chance. He
suggests that the combination of intention and unpredictability in an
artist’s interaction with a medium provides an apt analogy. Again, God
is like a poet or dramatist in whose work there is both plan and surprise,
or like the writer of a novel whose plot shows both coherent unity and
the novelty of the unexpected.57
Arthur Peacocke has written extensively about models of God in an
evolutionary world. Of classical models he find Spirit and logos most
suitable for expressing immanent divine creativity. God is the
communicator, conveying meaning through the patterns of nature as
well as through the person of Christ. Peacocke also uses many striking
new images, some of which are systematically developed as models.
One is the mind/body relation as an analogy for God’s relation to the
world. The world might be thought of as God’s body, he suggests, and
God as the world’s mind. We can look on cosmic history as the action
of an agent expressing intentions,58 This is indeed a promising model,
but it raises several questions. Does the analogy presuppose a
mind/body dualism? Does the world have as much unity and
coordination as the body of an organism? Can the mind/body model
represent the pluralism and partial independence of individual beings in
the world?
Peacocke also mentions briefly the alternative model of a pregnant
mother bringing a baby into being within her body.59 This seems to
represent a degree of unity intermediate between that of a mother’s
relation to her own body, on the one hand, and that of her relation to a
growing child after birth, on the other. I am inclined to favor the
growing child analogy. I will suggest that the social model of process
thought is able to preserve the separate identity of both God and
individual creatures, along with a recognition of their interdependence
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and relatedness.
Noting the unpredictability of evolutionary history, Peacocke says God
is like the choreographer of an ongoing dance or the composer of a stillunfinished symphony, experimenting, improvising, and expanding on a
theme and variations. Peacocke uses other analogies that assign a
positive role to chance. Chance is God’s radar beam sweeping through
the diverse potentialities that are invisibly present in each configuration
in the world.
Chance is a way of exploring the range of potential forms of matter.60
God has endowed the stuff of the world with creative potentialities,
which are successively disclosed. The actualization of these
potentialities can occur only when suitable conditions are present.
Events occur not according to a predetermined plan but with
unpredictable novelty. God is experimenting and improvising in an openended process of continuing creation. Peacocke rejects the idea of
omnipotence and speaks of the self-limitation of a God who suffers with
the world.
Peacocke writes that "the natural causal creative nexus of events is itself
God’s creative action." He holds that processes of nature are inherently
creative. This might be interpreted as a version of the second option
outlined above: God initially designed a system of law and chance,
through which higher forms of life slowly came into being. This would
be a sophisticated form of deism. But Peacocke also says that God is "at
work continuously creating in and through the stuff of the world he had
endowed with those very potentialities."61 The images of an improvising
choreographer or composer imply an active, continuing relationship
with the world. Peacocke specifically defends the idea of continuing
creation. This would put him closer to the third option above, but he
does not develop a systematic metaphysics to describe this ongoing
interaction between God and the world.
3. Creation and Evolution: Three Views
We can make an interim assessment of some theological positions
concerning creation and evolution, using the basic classification scheme
of chapter 1: Conflict, Independence, and Dialogue. The fourth option,
Integration, is discussed in the concluding section.
1. Conflict Between Creation and Evolution
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The first version is scientific materialism, In chapter 1, I cited Monod
and Wilson and criticized the reductionism and materialism of their
metaphysics. A more recent example is Richard Dawkins’s The Blind
Watchmaker, which has the subtitle Why the Evidence of Evolution
Reveals a Universe without Design. Much of the book is a clear and
forceful presentation of current evolutionary theory and a defense of
orthodox neo-Darwinism against its scientific critics. He also replies to
the argument that the various parts of the eye could not be products of
separate chance variations because one part would be useless without all
the other parts. Dawkins shows how the eye and other organs could
have arisen from many independent small improvements. A lightsensitive cell or a very simple eye is better than nothing. He provides a
lucid discussion of the collaboration of genes in embryonic
development.
But Dawkins also makes some rather dogmatic philosophical and
religious statements without careful discussion. He accepts
epistemological reductionism: "The hierarchical reductionist believes
that carburetors are explained in terms of smaller units . . . which are
explained in terms of smaller units . . . which are ultimately explained in
terms of the smallest of fundamental particles. . . . My task is to explain
elephants, and the world of complex things, in terms of the simple
things that physicists either understand, or are working on." 62
Actually, few pages of the book make any reference to physics, though
there are some interesting analogies between DNA and computer
programs. Dawkins’s wider claim is stated at the outset: "All appearance
to the contrary, the only watchmaker in nature is the blind forces of
physics, albeit deployed in a very special way."63 He asserts that natural
selection is the only conceivable source of complexity. This leads him
in the conclusion to a "disproof" of the existence of God:
The whole book has been dominated by the idea of chance, by
the astronomically long odds against the spontaneous arising of
order, complexity and apparent design. . . . The same applies to
the odds against the spontaneous existence of any fully fashioned
perfect and whole beings, including -- I see no way of avoiding
the conclusion -- deities.64
Since chance and natural selection are the only source of complexity,
Dawkins says, a complex God could not exist. It would have been
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helpful if he had distinguished more clearly between scientific evidence
and philosophical speculation.
Biblical literalism is the second version of Conflict. We have seen some
of the overwhelming evidence from diverse disciplines for the
occurrence of a long evolutionary history spanning millions of years.
The scientific critics of the Modern Synthesis offer absolutely no
support to those creationists who say that there is scientific evidence for
creation in a few days or a few thousand years. On the other hand,
creationists could rightly object if an atheistic philosophy, such as that
of Dawkins, were taught in the biology classroom. Both the scientific
materialist and the scientific creationist have failed to respect the proper
boundaries of science. The former makes statements about religion as if
they were part of science. The latter makes statements about science that
are dictated by religious beliefs.
2. The Independence of Creation and Evolution.
Neo-orthodoxy has no difficulty accepting the findings of evolutionary
biology because science and religion are assigned to separate spheres.
God acts in human history, primarily in the person of Christ, and not in
the natural world. The argument from design and all forms of natural
theology are suspect because they rely on human reason rather than on
divine revelation. The doctrine of creation is not a theory about
beginnings or about subsequent natural processes; it is an affirmation of
dependence on God and the essential goodness and orderliness of the
world.
In the previous chapter I indicated my sympathy with many aspects of
neo-orthodoxy, particularly its conviction that scripture should be taken
seriously but not literally and its characterization of the main theological
content of the doctrine of creation ex nihilo. However, its strong
emphasis on transcendence leads to a gulf between God and nature and
a neglect of divine immanence. Moreover, the absolute dichotomy
between humanity and nonhuman nature appears dubious today, along
with the body/soul dualism often used to support such a dichotomy. Neoorthodoxy can express the theological themes of the ex nihilo tradition,
once it is divorced from a beginning of time, but it can do little with the
continuing creation tradition.
The second version of the Independence thesis is existentialism, which
also makes an absolute separation of spheres. God is encountered only
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in the immediacy of personal involvement, decision, and commitment.
God acts only in personal life, not in the impersonal arena of nature.
Most existentialists have contrasted the freedom of personal life with
the determinism of the laws of nature. Even if determinism is
abandoned in recognition of the role of chance, law and chance are
equally impersonal. What matters religiously is the transformation of
one’s own life in a new understanding of authentic personal existence,
which has no connection with theories about mutations and natural
selection. The doctrine of creation is an acknowledgment of one’s
personal dependence on God and gratitude for one’s life as a gift.
Existentialism offers important insights concerning the character of
religious faith. But once again, God’s relation to nonhuman nature gets
short shrift. Nature is merely the impersonal setting for the drama of
personal existence and individual redemption. The sharp separation of
human and nonhuman life does not accord with the evolutionary-view.
If the ecological understanding of our participation in the wider web of
life is ignored, the door to the exploitation of the environment is left
wide open.
The third version of Independence is linguistic analysis. Human life
encompasses various self-contained language systems, each with its
distinctive rules and functions. Religious language expresses a way of
life through the rituals, stories, and practices of a religious community.
Creation stories, in particular, provide a cosmic framework of meaning
and practical guidance for living. Science, on the other hand, asks
strictly delimited questions in the interest of prediction and control.
Toulmin’s early writings suggest that it is an illegitimate mixing of
languages when evolution is extrapolated to support either atheism or
theism.65
I acknowledge these functions of creation stories in human life, but I do
not think that religious beliefs can be ignored. The linguists accept an
instrumentalist account of both science and religion; there can be no
conflict because neither makes truth claims. As a critical realist, I hold
that both fields make statements about reality, though these statements
are selective and partial and always revisable. We cannot exclude the
possibility that particular statements about creation and about evolution
could conflict or support each other. At some points we need to modify
traditional religious doctrines in the light of biological evidence. Our
goal is a coherent interpretation of all experience, not a collage of
unrelated "language games."
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3. Dialogue About Creation and Evolution
In the last chapter I suggested that there are no direct inferences in either
direction between physical cosmology and the doctrine of creation, but
there are some illuminating parallels. I proposed that the contingency of
existence and of boundary conditions is consistent with the meaning of
ex nihilo, while the contingency of laws and of events is consistent with
the idea of continuing creation. Theism does provide grounds for the
combination of contingent order and intelligibility that the scientific
enterprise presupposes, though these are limit-questions that do not arise
in the daily work of the scientist.
Evolutionary biology offers many examples of a fantastically complex
order, which evokes our wonder. The intricate structures of DNA and
protein molecules are dependent on a myriad of interatomic forces.
Molecular structures, in turn, contribute to the higher levels of
organization, which lead to the emergence of sentience, purposiveness,
consciousness, and self-consciousness. In nature, information-is as
important as matter and energy. Perhaps there is some parallel in the
theological concept of Word or logos, which can be thought of as a form
of information, the communication of meaning and message when
correctly interpreted. But if nature is a message from God, it is not
easily decoded.
One way of encouraging a second-order dialogue between theologians
and scientists, while maintaining the integrity of each enterprise, is to
pursue the neo-Thomist distinction between primary and secondary
causality. God as primary cause works through the secondary causes,
which science describes. There are no gaps in the scientific account,
which is complete on its own level. But God sustains the whole natural
sequence. Primary causes represent a totally different order of
explanation. As McMullin puts it, "He works equally in all parts of His
creation." 66 Usually this position assumes the classical doctrines of
divine omnipotence and predestination. This would require that God
control the indeterminacies that appear to us as chance.
The neo-Thomist position is appealing because it shows great respect
for science while maintaining many of the doctrines of classical theism.
It tries to avoid deism by asserting that God has a continuing role in
sustaining the natural order. It can be supplemented by the belief that
occasional acts of miraculous divine intervention occur. But it is
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difficult to reconcile with the biblical idea that God has a more active
continuing role in nature and history. In chapter 9, I will argue that the
assumption of predestination encounters problems in dealing with
freedom, chance, and evil in the world.
4. The Integration of Creation and Evolution
In trying to relate creation and evolution, can we go further than a
dialogue regarding limit questions? In chapter 1, I outlined three kinds
of Integration: natural theology; a theology of nature; and systematic
synthesis.
1. Natural Theology
Here the claim is that theistic conclusions can be drawn directly from
the evolutionary evidence. Unlike the creationists, these authors are well
read in contemporary biology and accept a long evolutionary history.
However, they sometimes seem to misinterpret the scientific evidence in
describing the alleged shortcomings of evolutionary theory. Leconte
DuNouy writes, "Chance alone is radically incapable of explaining an
irreversible evolutive phenomenon."67 But we have seen that we are not
dealing with "chance alone"; we have chance plus stable structures plus
natural selection. Charles Raven argues that many coordinated changes
would have to have occurred simultaneously for a complex organ like
the eye to appear. An eye lens is useless, he says, without a retina, and
vice versa.68 But this is a dubious claim; there is in nature a wide
diversity of organs of vision, some simple and some complex, some
with lenses and some without.
Hugh Montefiore has recently argued that neo-Darwinian explanations
of evolutionary change are inadequate and that a theistic explanation is
far more probable. He accepts the claims of Raven and others that
complex organs and behaviors would require the coordination of many
mutations, and thus "some other force seems to be at work here."
Chance and natural selection do not explain all these phenomena, so
there must be a directive force, and God is "by far the most probable
explanation."69 Montefiore is cautious in his claims, but he bases his
case on the inadequacies of current scientific explanations, which seems
to be a sophisticated form of the "God of the gaps" position. It is
vulnerable insofar as these gaps in the scientific account have been or
will be filled in.
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Such objections from the scientific side cannot be made against the
wider teleological argument in which design is built into the laws and
processes that science describes. The wider argument does not rely on
any particular gaps in the scientific account, and at this point it
resembles the scheme of primary and secondary causes. However,
teleological arguments have a limited role in theology. There are
probably few people whose belief in God was actually reached by such
routes. Philosophical reflection without personal involvement or
participation in a religious community is far from the actual religious
life of humankind. At most, natural theology might have a preliminary
or supportive function in theological reflection.
2. A Theology of Nature
Instead of a natural theology, we can have a theology of nature, which is
based primarily on religious experience and the life of the religious
community, but which includes some reformulation of traditional
doctrines in the light of science. Theological doctrines start as human
interpretations of individual and communal experience and are therefore
subject to revision. Our understanding of God’s relation to nature
always reflects our view of nature. In particular, articulation of the
continuing creation theme today must take into account the new view of
nature as a dynamic, interdependent, evolutionary process of which
humanity is a part. Peacocke’s writing is a fine example of such
doctrinal reformulation, based on thorough familiarity with both
evolutionary science and the Christian tradition. He presents continuing
creation as a slow and painful travail, an experimental yet purposeful
activity, which can be imagined through a variety of analogies and
models.
Some interpreters view Teilhard de Chardin’s The Phenomenon of Man
as a form of natural theology. In the preface he says he will argue from
scientific evidence alone (though he grants that consideration of the
total human phenomenon goes beyond any of the sciences). But I
maintain that the book, seen in the context of Teilhard’s writings as a
whole, is more appropriately viewed as a theology of nature. His
unifying vision is indebted to both evolutionary biology and the
Christian tradition, and this vision informs all his writing.70
On the scientific side, Teilhard describes in detail the historical
evolution from matter to life, mind, and society. He discusses mutations
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error of mechanical forces."71 He rejects the Lamarckian idea that
acquired characteristics can be inherited. But he agrees with Lamarck in
assigning a major role to the organism’s own efforts and interior life -the rudimentary forms of sentience and purposiveness which he calls
"the within of things." These internal forces are said to use chance
variations. Chance is seized and used by a principle of internal selforganization."72 There is slow progress toward greater complexity and
consciousness, but not a simple straight-line development. Teilhard does
not introduce divine intervention to account for particular gaps in the
scientific account. Teleology is displayed in the whole process, not in
the design of particular structures.
But the scientific side of the book is subject to several criticisms. He
identifies chance with neo-Darwinism and identifies directionality with
the operation of "the within." This neglects the extent to which natural
selection itself exerts a directional influence. Many scientists object to
the way that Teilhard extends scientific terms metaphorically without
indicating that he is doing so (radial energy and psychic temperature,
for example). He does not distinguish between accepted scientific ideas
and more speculative philosophical proposals. In the last two chapters
he pictures the "convergence of evolution" and introduces a concept of
God as Omega, "the principle we needed to explain the persistent march
of things toward greater consciousness." Some scientists dismiss
Teilhard as a poet and mystic, but this neglects the seriousness with
which he took the scientific data. However, let us grant that he was
giving an interpretation of science, not a strictly scientific account.
Teilhard’s Christian convictions undoubtedly influenced his portrayal of
the directionality of cosmic history and the significance of human
personality. These convictions are more explicitly stated in the epilogue
of The Phenomenon of Man and are developed in his theological
writings. But he does not simply draw on inherited traditional beliefs,
for he proposes extensive doctrinal reformulation in the light of the idea
of evolution, which he says is "a condition for all thought today."
Teilhard defends a divine creativity immanent in the whole natural
order. He objects to the separation of sacred and secular realms. Christ
is presented not as an intrusion into the world but as the continuation
and fulfillment of a long cosmic preparation. According to Teilhard, the
purpose of the incarnation was not primarily the "remedial" work of
atoning for human sin, but the "constructive" work of uniting all reality
and bringing it to union with God. Redemption, then, is social and
cosmic as well as individual; creation and redemption form a single
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process. Sin and evil, which in a static world are difficult to reconcile
with the goodness of God, are now seen to be inescapable by-products
of a slow creative process.73 Teilhard’s theological ideas, in short, are
indebted to both evolutionary biology and the Christian tradition. He
gives us an evolutionary theology of nature from which we can learn
much, despite the problems in his style of writing.
3. Systematic Synthesis
A final version of Integration is the synthesis of evolution and creation
within an inclusive metaphysical system. Metaphysics is the search for a
coherent set of basic categories applicable to all types of human
experience and all events in the world. As such, it must draw from other
fields beside science and religion, but it must include the insights of
these two areas of human life.
An evolutionary metaphysics will give an important place to temporality
and change in its characterization of all entities. It will express the
interdependence of all beings in an ecological understanding of the web
of life. It will presuppose the continuity of human and nonhuman life,
though it can also acknowledge unique characteristics of human
existence. It will deal with the distinctive nature of mental life without
assuming a mind/body dualism. One way of allowing for both
continuity and discontinuity in evolution is the articulation of a
metaphysics of levels, in which there are characteristics common to all
levels, but novel kinds of organization and activity emerge at higher
levels.
Teilhard de Chardin’s writing incorporated a partially developed set of
evolutionary metaphysical categories. Teilhard rejected much of the
Thomistic metaphysics to which he had been exposed in his training as
a Jesuit. In place of the Thomistic categories of being and substance, he
took becoming and process as the basic characteristics of reality. Instead
of identifying perfection with the timeless, he held that time, change,
and relatedness are attributes of all beings, including God. Instead of a
sharp line between human and nonhuman, or between mind and matter,
he held that there is a mental side in all beings. But Teilhard’s
competence and training were greater in science and in theology than in
philosophy. He had greater gifts of poetic imagination and of spiritual
intensity than of philosophical reasoning. So we must turn to others for
the systematic metaphysical categories in which to express a unified
evolutionary and religious vision.
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The process philosophy of Whitehead and his followers is the most
promising metaphysical system in which evolution and continuing
creation can be integrated. We will examine it in chapter 8, after we
have carried the evolutionary story a stage further in chapter 7 by
considering the evolution of human life.
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Chapter 7: Human Nature.
The three previous chapters dealt with specific sciences -- physics,
astronomy, and biology -- and their philosophical and theological
implications. Part 3 presents some philosophical and theological
reflections concerning human nature (chapter 7), process thought
(chapter 8), and models of God’s relationship to nature (chapter 9). The
goal of the present chapter is to compare what biology and the biblical
tradition have to say about human nature. I will also occasionally refer
to anthropology, psychology, sociology, history, and philosophy, but I
do not intend to deal systematically with these disciplines. The basic
question is whether evolutionary biology and biblical religion are
consistent in their views of human nature. The final section is a brief
reflection on the human future in the light of earlier conclusions.
I. Biology and Human Nature
We begin with a summary of the scientific evidence concerning the
relation of human to nonhuman species, both in evolutionary history
and in comparing them today. Next, the claims of sociobiology about
the genetic determinants of human behavior are examined, and some
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differences between cultural and biological evolution are set forth. The
perennial mind/body problem is then discussed in an evolutionary
context.
1. Human Origins
Evidence from molecular biology and from fossil discoveries indicates
that human beings and modern African apes are descended from
common ancestors. African chimpanzees and gorillas share more than
99 percent of their DNA with that of human beings (which would be
comparable to the genetic kinship of horses and zebras or of dogs and
foxes). Australopithecus afarensis, an apelike creature, was walking on
two legs some 4 million years ago. In Tanzania, Mary Leakey found
footprints of that age, consistent only with an upright posture. In
Ethiopia, Donald Johnson found the bones of a short female, dubbed
Lucy, who walked on two legs but had long arms and a brain size like
that of the great apes, while her teeth show that she was a meat eater. It
appears that the move from trees to grassland encouraged upright
posture, free hands, and a shift to hunting, long before the development
of a larger brain.1
Homo habilis, discovered by Louis Leakey and others, was present 2
million years ago, had a larger brain, and chipped stones to make
primitive tools. Homo erectus, dating from 1.6 million years ago, had a
much larger brain, lived in long-term group sites, made more
complicated tools, and probably used fire. Archaic forms of Homo
sapiens appeared 500,000 years ago, and the Neanderthals were in
Europe 100,000 years ago. The Cromagnons made paintings on cave
walls and performed burial rituals 30,000 years ago. Agriculture goes
back only 10,000 years. The earliest known writing, Sumerian, is 6,000
years old. Techniques for melting metallic ores brought the Bronze Age
and then, less than 3,000 years ago, the Iron Age. Here we have at least
the broad outlines of the evolution of both physiology and behavior
from nonhuman to human forms and the beginnings of human culture.2
Darwin himself stressed the similarities of animal and human abilities,
but more recent interpreters point out both similarities and differences.
Some differences of degree are so great that they add up to differences
of kind, but without sharp discontinuities. Within a continuous
evolutionary process, significant novelty has occurred. The brain has
increased not only in size but in complexity and in the addition of new
structures with distinctive functions. The human brain itself
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incorporates this long history. At the base of our brains are the oldest
structures, which we share with reptiles and birds; they control
respiration, the cardiovascular system, and instinctive behavior, which
is rigidly programmed genetically. The midbrain or limbic system,
which we share with animals, controls our hormones and emotional life
(pleasure, fear, sex, hunger, and so forth). The outer layer or neocortex,
which is prominent in higher mammals and humans, controls
perceptual, cognitive, and communicative processes. The neocortex
makes possible more complex forms of language, learning, and
intelligence.3
Only human beings are fully capable of language, but chimpanzees can
be taught limited forms of symbolic communication. Chimps lack the
vocal organs (especially the larynx) necessary for articulated speech, but
they can be taught to communicate in sign language or with geometric
symbols on a computer keyboard. They can combine these symbols into
simple sentences. D. M. Rumbaugh and others have found evidence of
elementary abstract thought. From a few examples, chimps can form
general concepts, such as food or tool, and then assign a new object to
the correct conceptual category. They can express intentions, make
requests, and communicate information to other chimps.4 These results
are impressive, though still far below the level of a two-year-old child.
But they do suggest that language ability could have evolved gradually.
Higher animals seem to have a rudimentary self-awareness. If a chimp
sees in a mirror a mark previously placed on its forehead, it will try to
remove the mark. But in human beings there is a self-consciousness that
seems to be unparalleled. The greater capacity to remember the past, to
anticipate the future, and to use abstract symbols liberates us from our
immediate time and place. We can imagine possibilities only distantly
related to present experience, and we can reflect on goals going far
beyond immediate needs. Humans are aware of their finitude and the
inevitability of death, and they ask questions about the meaning of their
lives. They construct symbolic worlds through language and the arts.5
Many species of insects and animals live in complex social orders with
definite roles and patterns of cooperative behavior. In insects these
patterns are for the most part genetically determined; in higher animals
there is a greater capacity for learning and individuality. Primates have
elaborate social structures and patterns of dominance and submission.
Dolphins form close friendships and engage in playful activity. In such
species information relevant to survival is transmitted socially, learned
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by the young from their parents rather than passed on through the genes.
But in the case of humans, we have many more ways of transmitting
information from generation to generation, including language, writing,
the public media, education, and the institutions of society.
The discoveries of science, the inventions of technology, the
imaginative literature and artistic work of the humanities all testify to
human intellectual power and creativity. Despite the presence of
unconscious impulses, which Freud has helped us to recognize, we are
capable of rational reflection about ourselves. Despite the pressures of
social conditioning, we are able to take responsibility for moral choices.
Despite the constraints of both genes and culture, we are not completely
determined but are agents with at least limited freedom.
In short, humanity is part of nature, but a unique part. We are the
product of a long evolutionary history and retain a powerful legacy from
the past. But we also have creative abilities and potentialities without
parallel among the species of the earth. We are biological organisms,
but we are also responsible selves. If research in recent decades has at
some points found greater similarities with other life forms than had
been previously suspected, these findings should lead us to greater
respect for those forms, not to the denial of human dignity. At other
points contemporary science offers ample testimony of the uniqueness
of humanity among the creatures on planet earth.
2. Sociobiology and Cultural Evolution
The last two decades have seen the development of sociobiology, the
biological study of social behavior in both nonhuman and human
species.
One interesting example concerns the origins of altruistic behavior. If
evolution is the survival of the fittest, how can we explain behavior in
which an organism repeatedly jeopardizes its own survival? Social
insects such as ants will sacrifice themselves to protect the colony.
Worker ants work for the colony; they are sterile and do not even have
any descendants. Edward O. Wilson and others have shown that such
behavior reduces the number of descendants an individual will have, but
it enhances the survival of close relatives who have many of the same
genes. If I share half of my genes with my brother or sister, it will help
to perpetuate my genes if I am willing to protect their reproductive
futures, even at some risk to my own life.6 Richard Dawkins entitles his
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book The Selfish Gene because he holds that all apparent altruism can
be explained by its contribution to genetic survival.7
Another example cited by sociobiologists is the almost universal taboo
against incest. We know today that inbreeding leads to harmful
recessive genes and to mentally and physically handicapped children.
We can say, therefore, that groups with a taboo against incest were
stronger genetically and had a selective advantage over those without
such a taboo (even if they had no inkling that sexual relations with close
relatives could have harmful consequences). Other examples deal with
the genetic basis for differences between male and female roles in
society. Sociobiologists cite the fact that in many species the males are
larger, and they view primate society as male dominated. Studies also
show that aggression is associated with the level of male hormones and
can be increased or reduced by altering the hormone level.
Critics point out that although scientists normally examine alternative
hypotheses, Wilson seldom even mentions the cultural explanations that
anthropologists have advanced for many of these social phenomena.
Anthropologists have asserted that few if any cultures are organized
throughout according to the genetic kinship coefficients worked out by
Wilson.8 He has been accused of a genetic determinism that would open
the door to justifying the status quo. If human behavior is determined by
the genes, there would be little we could do to change it.9 Wilson does
acknowledge the plasticity of human behavior and the possibility of
change. Yet there is no place for real freedom in his analysis. He
suggests that a diversity of genetically programmed censors and
motivators operates in the emotions of the limbic system, among which
we can choose those we will favor and those we will suppress or
redirect. But these choices are determined by our value systems, which
are themselves under genetic control. Only biological knowledge can
help us: "We must consciously choose among the emotional guides we
have inherited. To chart our destiny means we must shift from
automatic control based on our biological properties to precise steering
based on biological knowledge." 10
Evident here is the reductionism that runs through Wilson’s writing. He
is confident that genetics and biology will account for all aspects of
human life. "The mind will be precisely explained as an epiphenomenon
of the neural machinery of the brain."11 Both religion and ethics will be
explained and eventually replaced by biological knowledge: "If religion,
including the dogmatic secular ideologies, can be systematically
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analyzed and explained as a product of the brain’s evolution, its power
as an external source of morality will be gone forever."12 It seems to me
inconsistent that Wilson never says that science is similarly discredited
by its evolutionary origins, although it, too, is obviously "a product of
the brain’s evolution." In the past, he says, morality has been an
expression of emotions encoded in the genes. "The only demonstrated
function of morality is to keep the genes intact." But now science can
"search for the bedrock of ethics -- by which I mean the material basis
of natural law."13 "Empirical knowledge of our biological nature will
allow us to make optimum choices among the competing criteria of
progress." 14
Wilson embraces a sweeping epistemological reductionism that makes
all the academic disciplines into branches of biology: "It may not be too
much to say that sociology and the other social sciences, as well as the
humanities, are the last branches of biology to be included in the
Modern Synthesis."15 He moves from detailed testable hypotheses to
unsupported claims about how a particular social behavior "could have
been selected," to broad generalizations about all human experience.
Throughout is an implicit metaphysics of materialism and occasionally
an explicit advocacy of what he calls "scientific materialism." All of his
explanations are on one level only -- the action of genes. But the
historical origins or genetic preconditions of a trait do not provide the
last word on its present status. Wilson states that "genes hold culture on
a leash." 16 How long is that leash? And does not culture also constrain
and redirect the effects of genes? Perhaps we should turn his metaphor
around and say that culture holds the leash today.
Let us then compare cultural evolution and biological evolution. I
suggest that the former is more significant today, and that while there
are parallels between them, there are also important differences. First,
cultural innovation replaces mutations and genetic recombination as the
source of variability. Such innovations are to some extent deliberate and
directional; they are certainly not random. New ideas, institutions, and
forms of behavior are often creative and imaginative responses to social
problems and crises. Here the uniqueness and unpredictability of events
in human history are evident. The linguistic meanings and the ideas and
reasons of agents are distinctive features of human history, as we saw in
chapter 3. We are the product of particular cultural histories.
Next, in the competition between ideas, selection occurs through social
experience and reinforcement. The most useful ideas are retained in a
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trial-and-error process, but many factors enter into social judgments of
success. Here selection is less harsh than biological selection, because
ideas can be rejected without the death of the individuals who hold
them.
Finally, the transmission of information occurs through memory,
language, tradition, education, and social institutions rather than through
genes. At each of these stages, change is more rapid and can be more
deliberate than in the case of biological evolution. Major changes can
take place within a few generations or even within a generation. On the
other hand, old ideas can surface again and be revived, so they are not
permanently lost, as are the genes of extinct species.
Science, like other cultural activities, is in a general sense a product of
evolution. Its methods are a refinement of the problem-solving ability
and the inductive and deductive reasoning that in simple forms are
evident in primates today. Such intellectual abilities undoubtedly had
survival value, and selection favored them among our ancestors.’7 But
does science today have a structure similar to that of biological
evolution? There have been several recent proponents of an
evolutionary epistemology. Stephen Toulmin says that in the scientific
community various theories compete for recognition, and the most
successful ones are selected and passed on to the next generation. He
grants that sociological factors and metaphysical assumptions influence
the acceptance of new ideas, but he argues that the broad pattern of
variation and selection is like that in evolutionary history.18
Karl Popper also draws parallels between science and evolution.
Scientists formulate a profusion of hypotheses and try to refute or
falsify them by empirical evidence, nonviolently eliminating those that
are unfit. There is no logic in formulating hypotheses, but there is a
logic in testing and eliminating them.19 Donald Campbell looks at the
individual scientist rather than at the scientific community. Random trialand-error exploration and selection of ideas take place in the scientist’s
mind before a theory is propounded in public.20
I would reply that the parallel between science and evolution is rather
limited because the search for new ideas in science is not random. The
number of possible theories is too large to test them at random. Some
empirical discoveries are fortuitous, like the discovery of penicillin, but
the formulation of theories is not. It is deliberate and directed. I
suggested earlier that it is often based on an imaginative analogy or
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model. The goal of science is to understand the world, not to propagate
one’s ideas. Here again the differences between cultural and biological
evolution are more significant than their similarities.
3. The Status of Mind
The human brain is the most complex system that has been found in the
natural world. It contains some 100 billion neurons, each connected
with hundreds or thousands of other neurons through synaptic junctions
(perhaps 100 trillion of them). Electrical signals are transmitted through
this network in incredibly complex patterns. We have some
understanding of how the input information from sensory organs is
processed and how output signals control the motor activity of
muscles.21 But we know very little about what goes on in between: how
input information is integrated with memory, emotional responses, and
reflective deliberation. We do know that the left hemisphere of the brain
is usually associated with analytical, systematic, abstract, and sequential
thought (such as mathematical reasoning), while the right hemisphere
plays a larger role in intuitive, imaginative, concrete, and holistic
thought (such as pattern recognition and artistic creation).22
We know that physical and chemical intervention affects both
consciousness and behavior. Electrical stimulation of particular brain
areas by microelectrodes can evoke vivid memories and feelings
(happiness, anxiety, anger, and so forth) or produce such motor effects
as raising an arm. Drugs can powerfully influence both mood and
behavior. All of these findings add to the evidence that mental life is
strongly dependent on physical events in the brain. But they do not
provide a final answer to the mind/body problem. Let us look at each of
the four main alternatives within an evolutionary framework.23
Philosophical issues are considered here and theological ones in
subsequent sections.
1. Dualism
Dualism in the West goes back to Plato and Augustine, but the most
influential modern formulation is that of Descartes, who said that mind
and body are two distinct entities that interact causally. They differ
radically in their characteristics. Mental events are inherently private
rather than publicly observable and are nonspatial rather than spatially
extended. Mental phenomena as directly experienced include ideas and
sensations, thoughts and feelings, memories and expectations, and acts
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2071 (8 of 42) [2/4/03 6:41:59 PM]

Religion in an Age of Science

of deliberating and deciding. The relationships between mental events
(such as the logical deduction of ideas or the coordination of means to
ends) do not at all resemble forces between physical objects.
Several prominent neurophysiologists have defended a mind/brain
dualism. Wilder Penfield points out that the patient whose brain is
electrically stimulated is aware that it is not he or she who is raising the
arm. Penfield postulates a center of decision radically distinct from the
neural network, a switchboard operator as well as a switchboard."24
John Eccles holds that the mind searches and selects among brain
modules, reads them out, integrates them, and then modifies other brain
circuits: "The self-conscious mind is an independent entity that is
actively engaged in reading out from the multitude of active centers in
the modules of the liaison areas of the dominant cerebral hemisphere."25
Eccles shows that impulses appear in the supplementary motor area
before those in the motor area only when there is a deliberate, voluntary
initiation of action. The philosopher Karl Popper, who with Eccles coauthored The Self and Its Brain, similarly defends the interaction of
consciousness and brain and the causal efficacy of mental phenomena.26
Several objections to dualism may be raised. One objection is that the
influence of mental events seems to violate the conservation of energy.
However, mental events might only involve the redirection of energy or
an action within the limits of quantum indeterminacies. A more serious
difficulty is that the postulated mental and physical entities are so
dissimilar that it is hard to imagine how they could interact. Of course
we do accept interactions between quite dissimilar things -- such as an
invisible magnetic field and a compass needle -- but only if we can find
lawful relations between them. Does mind occur only in human beings?
Descartes thought so (holding that animals are mindless machines), but
more recent dualists usually hold that simpler mental phenomena occur
in animals. However, by portraying mind as totally unlike matter,
dualists have difficulty explaining how mind could have evolved from
matter. By definition, dualism does not allow for anything intermediate
between matter and mind; it assumes there is only one kind of mind,
though it might be present to varying extents. Everything except mind is
assumed to be totally devoid of sentience, subjectivity, or interiority,
and it is difficult to see how such properties (as distinct from new
objective properties) could ever arise.
2. Materialism
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Among earlier materialists were the Greek atomists and the
philosophers of the French Enlightenment. A recent version is the
behaviorism of B. F. Skinner and his followers. This started as a
methodological recommendation that psychologists should avoid any
reference to subjective mental phenomena inaccessible to public
observation. Science should deal only with objective events such as the
correlation of a stimulus and a behavioral response.27 However, if it is
assumed that we can give a complete account without reference to
mental events, we end with a metaphysics of materialism. The
philosopher Gilbert Ryle claims that mental concepts are really
statements of dispositions to behave in particular ways. Mental
concepts, he says, can be translated into concepts referring to observable
behavior.28
But surely I do not find out that I have a pain by observing my own
behavior. In reporting on pains, ideas, emotions, or dreams, I am
referring to immediate experiences, which can be correlated with an
indefinite range of possible behaviors but are identical to none of them.
Behaviorism has been the basis of significant psychological research in
both rats and humans, but its limitations as an all-embracing
explanatory framework have become apparent. Humanistic and
cognitive psychology, both of which make use of mental terms, have
tried to deal with some of the human phenomena that behaviorism
neglected. We will consider the comparison of computers and the
human brain and the proposals of cognitive psychology in the
subsequent volume.
A modification of materialism is epiphenomenalism, which holds that
mental phenomena exist but are not causally effective. Mental qualities
accompany neural events without influencing them, as shadows
accompany moving objects without influencing them. The causal
connection is only in one direction, from physical to mental events (or
to other physical events), never from mental to physical ones. The
physical world is an autonomous system, it is said, and when we
understand it we will be able to give a complete account of all events.29
But how could consciousness have evolved if it had no biological
function? How could it have been selected if it was irrelevant to
survival? And are not relationships among mental concepts, such as
ideas and motives, more useful than concepts of neural activity in
understanding most of the actions of persons today?
A final version of materialism is the neural identity theory proposed by
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Herbert Feigl and J.J.C. Smart. They argue that mental and physical
terms differ in significance or connotation but will turn out as a matter
of empirical fact to refer to or denote the same things, namely neural
events. A particular sensation, for example, simply is a particular kind
of neural event, though we cannot yet specify it physiologically. The
basic laws are all physical.30 But as a scientific hypothesis this theory is
a long way from confirmation in even the simplest cases. Moreover, it
cannot account for the privileged position of the subject or the
distinctive properties of mental experience. There are serious objections,
then, to this as to other renditions of materialism.
3. Two-Aspect Theories
Leibniz, in his theory of parallelism, maintained that mental and
physical events proceed on separate tracks, without any interaction or
inherent connection, but perfectly synchronized in a harmony
established by God at the outset. For Spinoza, on the other hand, the
connections were inherent and universal. His monistic version of
panpsychism presents one underlying substance, Nature, with at least
two sets of attributes, mental and physical. Every event is at the same
time mental and physical. Whitehead has often been understood to
propose a form of pluralistic panpsychism: every actual occasion has a
"physical pole" and a "mental pole." I will suggest, however, that these
are technical terms referring to the receptive and self-creative phases of
the momentary experience of all entities. Whitehead actually ascribes
mind only to higher-level entities and therefore belongs with the fourth
group below, Multilevel Theories.
P. F. Strawson relies on ordinary language and says that persons are a
distinctive type of being to which we ascribe both mental and physical
predicates.31 Other authors have said that mental and physical concepts
occur in alternative languages in which we describe the same set of
events for different purposes. We can acknowledge that the logic of
mental concepts is different from that of physical concepts without
assuming a dualistic metaphysics. Physical language is no more reliable
or useful than mental language, so we need not assume a materialistic
metaphysics. Thus MacKay says that "observer-language" and "actorlanguage" are "two complementary descriptions," which should be
taken with equal seriousness. We can explain human actions in terms of
the intentions of agents without denying the power of biochemistry in
explaining neurophysiological phenomena.32
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Two-language theories thus avoid some of the problems of dualism and
materialism, but they leave unresolved the question of the nature of the
events to which both languages refer. Alternative languages may satisfy
the instrumentalist, but not the critical realist.
4. Multilevel Theories
I agree with the two-language view that mental and physical concepts
are abstractions from the primary reality of events, but I would go on to
assert that reality itself is organized on a variety of levels, each with its
characteristic types of activity. The mind/brain problem would then be a
particular case of the more general problem of the relation between
levels discussed in the previous chapter. Such a view is congenial to an
evolutionary viewpoint and provides a framework for understanding
both human and nonhuman life today.
Consider the emergence of the self in evolutionary history. In the early
stages of life, there was sentience, purposiveness, exploratory behavior,
and rudimentary forms of awareness and experience, all of which confer
a selective advantage. Mental activity required a central nervous system;
even a simple brain was a very complex system in which there occurred
new forms of memory, anticipation, and consciousness. Only in human
beings did self-consciousness arise.
In the embryological development of the human fetus under the
guidance of the human genetic program, the neurological structures are
formed which make possible these higher levels of integration, activity,
and experience. The newborn baby has a very limited self-awareness,
and the developmental process continues in the early years. Social
interaction and language seem to be essential for the fulfillment of
selfhood. Selfhood thus represents the highest level in which rational,
emotional, social, and bodily capacities are integrated. Self is a broader
concept than mind, which since Descartes has been identified mainly
with rational capacities.
Roger Sperry, who received a Nobel Prize for his split-brain research,
takes some limited steps toward a multilevel view. He maintains that in
all organisms there is a hierarchy of levels, with distinctive irreducible
laws at higher levels. Emergent, holistic properties arise from
organizational relationships and configurational patterns in space and
time. Causation and control operate from higher levels downward,
making use of the laws of lower levels without violating them. Sperry
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writes: "Whole entities in nature are also governed by novel emergent
properties of their own, and these holistic properties in turn exert
downward control over the parts." "When a new entity is created the
new properties of the entity, or system as a whole, thereafter overpower
the causal forces of the component entities at all successively lower
lowers in the multinested hierarchies of the new infrastructure."33
Sperry maintains that mental states are higher-level emergent properties
of the brain. Against the materialists, he asserts that consciousness is
causally effective. Consciousness must have contributed to survival for
it was selected in evolutionary history. Mental activity supervenes on
neural activity without violating physiological laws:
Causal control is thus shifted in brain dynamics from levels of pure
physical, physiological or material determinacy to levels of mental,
cognitive, conscious or subjective determinacy. . . . The mental forces
do not violate, disturb, or intervene in neuronal activity but they do
supervene. Interaction is mutually reciprocal between the neural and
mental levels in the nested brain hierarchies. Multilevel and interlevel
causation is emphasized in addition to the one-level sequential causation
more traditionally dealt with34
Sperry repeatedly insists that he is not a dualist; he takes dualism to
mean that mental events can exist independently of physical events. But
he shares with dualists the conviction that mental states and physical
events are totally dissimilar kinds of things. "The subjective qualities
are . . . of very different quality from neural, molecular, and other
material components of which they are built."35 He does affirm human
freedom and self-determination, though the latter turns out to be a
higher-level causality in which thoughts, feelings, beliefs and ideals
combine to determine behavior.
I will try to show in the next chapter that process thought departs further
from dualism by proposing that experience and subjectivity are present
in integrated entities at all levels. Interaction takes place between
entities at diverse levels (for example, the mind and the cells of the
brain), but this is interaction between entities that all have an inward
side as moments of experience. Process thought holds that
consciousness occurs only in complex neural systems, so this is not
"panpsychism." But moments of experience are attributed to all unified
entities; panexperientialism would be a more appropriate designation.
We will return in the next chapter to the process understanding of levels
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of experience.
II. Religion and Human Nature
Can evolutionary and religious views of human nature be reconciled?
We start by noting that religion itself has evolved from its roots in early
human history to the development of the major world religions. We then
examine the biblical view of human nature and compare it with the
findings of evolutionary science. Last, the role of Christ in an
evolutionary cosmos is considered.
1. The Evolution of Religion
No one has contributed more to the discussion of religion and science
during the last twenty-five years than Ralph Burhoe as founder and for
many years editor of Zygon: Journal of Religion and Science. His own
writing has been mainly on the relation of religion to bioculteral
evolution. He starts by describing the co-evolution and co-adaptation of
genes and culture, giving more attention than does Wilson to the
distinctive features of culture. Burhoe says that altruism toward
individuals who are not close relatives (sharing common genes) cannot
be explained by genetic selection. He holds that religion has been the
major force in fostering altruism and social cooperation extending
beyond genetic kin. The set of values transmitted by religious myths and
rituals binds a society together. Religion has been selected because it
contributed to the survival of the bio-cultural group.36
Burhoe points out that in the past religion has fostered both loyalty to
one’s own group and hostility to other groups that threatened it; both
aspects aided group survival. As tribal religions gave way to more
universal ones, the circle of loyalty expanded. Each of the major world
religions represented "a well-winnowed wisdom" expressed in terms of
the best understandings of the world available in its times. But to be
credible today, Burhoe holds, religious beliefs must be reformulated
along strictly scientific lines. This will encourage globally shared
values, which are essential to survival in the nuclear age.37
Burhoe advocates an evolutionary naturalism as the religious
philosophy best suited to a scientific culture. For him, nature is the
functional equivalent of the traditional God, and it should be the object
of our worship and obedience. We are totally dependent on the
evolutionary process for our existence, our sustenance, and our destiny.
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Nature is omnipotent and sovereign, the power on which we are
dependent; it is our creator and judge. We must adapt to the
requirements of "the all-determining reality system. . . . Man’s salvation
comes in recognizing this fact and adapting to it or bowing down before
the majesty and glory of the magnificent program of evolving life in
which we live and move and have our being."38
Burhoe’s writing draws heavily from research in biology and
anthropology, and it is illuminating in its analysis of religious
phenomena. But when he endorses evolutionary naturalism he is
defending a metaphysical system and not a conclusion that is part of
science itself. Such a metaphysics is appealing because of its respect for
science and its universalism in a global age. But I do not believe that it
can deal adequately with the problems of human freedom, evil and
conflict in nature, religious experience, or historical revelation.39 In the
next volume I will also suggest that adaptation and survival are
preconditions of other human values but cannot supply the full content
of our value judgments. There are significant choices within the
constraints of survival. We have to ask: What kind of survival should
we seek?
Let us consider the evolution of the three basic features of religion
mentioned in chapter 2: ritual, story, and religious experience.
1. Ritual
Julian Huxley, Konrad Lorenz, and other ethologists have described
animal rituals. Animals exhibit many formalized behavioral repertoires,
such as the courtship or territorial rituals of animals and birds, which are
genetically transmitted. One member of a species is programmed to
respond to the ritual behavior of a second member, who can thus signal
intentions and evoke appropriate responses. Some interpreters believe
that human rituals may be supported by similar genetic and lower-brain
structures, with strong emotional correlates, though the particular rituals
are culturally learned higher-brain patterns.40 Most anthropologists, by
contrast, take ritual to be entirely transmitted by culture, with no
specific genetic basis. They say that the most important human rituals
help individuals and groups to cope with the major crises and transitions
of life: birth, puberty, marriage, and death.41 We find evidence of burial
rituals, for example, as early as the Cro-magnon caves thirty thousand
years ago.
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Some anthropologists hold that ritual is the primary religious
phenomenon from which other features of religion arose. They take
religious beliefs to be later rationalizations of rituals, whose social
functions are all-important.42 For example, almost every culture has
initiation ceremonies in which the adolescent is brought into the adult
world and the continuity of the social order is upheld. But other
interpreters maintain that ritual has many dimensions, all of which are
significant. Ritual is indeed community forming, but it often takes the
form of a symbolic reenactment of an earlier story (myth). Religious
rituals can also be understood as symbolic representations of the holy,
as is characteristic of sacrifices and sacraments. Rituals may be
understood as vehicles for communicating with the divine, for expiating
guilt, for celebrating and offering thanks, or for expressing grief and
loss in a cosmic setting.43
2. Story
Unique to humans is the need to live in a meaningful world. We have
said that myths or sacred stories are taken as manifesting some aspect of
the cosmic order. They offer people a way of understanding themselves
and of ordering their experience. They provide patterns for human
actions and guidance for living in harmony with the cosmic order. These
stories are often related to the experience of the sacred, and they point to
a saving power in human life. Many stories are acted out in ritual,
though in some cases the story may be a later explanation of the ritual.
More often, story and ritual seem to have developed together.44
Some stories refer to primeval times, the origins of the world and
humanity, or the sources of human alienation, suffering, and death.
Creation stories, we have noted, are found in almost all cultures. Other
myths tell about the end of time or patterns of cyclical return or death
and rebirth in the seasons and in human life. Still others are built around
particular events or persons in the community’s memory. Levi-Strauss
and the structuralists find a common pattern in myths: the partial
resolution of one of the basic contradictions or polarities in life, for
example, life/death, good/evil, male/female, or culture/nature. The
symbolic mediation of such conflicts helps people respond to individual
and social stress and crisis, thereby aiding adaptation and social
stability.45
3. Religious Experience
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As indicated earlier, the numinous experience of the holy is present in
virtually all cultures. People around the world report a sense of awe and
wonder in the presence of powers that seem to transcend the human.
The mystical experience of union with all things also has roots in
preliterate cultures, and the meditative practices that encourage it are
found in many cultures.
The psychiatrist Eugene d’Aquili holds that religious experience is
associated mainly with the right brain. Science and much of our daily
understanding of the world (including causal and temporal ordering) are
products of left-brain functioning, which is analytical, logical, and
abstractive. We have said that right-brain functioning, by contrast is
holistic, integrative, and inclusive. It plays a major role in spatial
ordering and pattern recognition -- and in religious experience,
according to d’Aquili. In mystical experience, reality is perceived as a
unity without a temporal dimension, and the self-other polarity is
dissolved. In differing cultures, the experience may be interpreted as
union with a personal God or as participation in an impersonal
Absolute. In either case, the experience carries a strong conviction of
the existence of a transcendent unity beyond ordinary experience. We
believe in the reality of the external world as ordered mainly by the left
brain, though we can’t prove its existence. Similarly, says d’Aquili, we
can believe in the reality of absolute unitary being, which is primarily
grasped through the right brain, though we can’t prove that it exists.46
These basic components -- ritual, story, and religious experience -- seem
to have been present in the earliest periods of human history as well as
in non-literate cultures today. But there were important developments
during what the philosopher Karl Jaspers has called the axial period,
from 800 to 200 BC., in five centers of civilization: China, India, Persia,
Greece, and Israel.47 In this period parallel movements arose, from
which have come all of the main world religions. Significant leaders
stood out as individuals: Confucius, Gautama the Buddha, Zoroaster,
Plato and Aristotle, the Hebrew prophets. Influential documents were
written: the Tao Te Ching, the Bhagavad Gita, the Hebrew Bible, and so
forth. (Of course, there were important earlier figures, such as Moses,
and subsequent ones, including Christ and Muhammad, but Judaism,
Christianity, and Islam are all derived from Hebrew monotheism, which
took its distinctive form in the axial period.)
The world religions, which have their roots in this period, share a
number of features. Each tells of initial revelatory experiences that were
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interpreted and reinterpreted within particular historical contexts and
cultural assumptions. All have sacred scriptures, which are extensively
used in connection with worship, liturgy, and instruction. All have both
specific moral teachings and more general ethical principles. They have
faced common problems but sometimes responded to them in different
ways. For example, in the earlier tribal period, religion had been
strongly identified with the local community. The new traditions sought
greater universality and the rational articulation of general principles,
but they also allowed for more individuation. The self became
problematic in a new way. The East frequently sought release from the
self’s bondage to suffering and anxiety through meditation and
asceticism, while the West more often sought reorientation of the self
through obedience to God.
The biblical scholar Gerd Theissen uses an evolutionary model to
interpret the development of biblical religion, but he recognizes the
limitations of the model. Religious innovations, he says, are novel ideas
and practices that are subjected to subsequent trial-and-error testing.
The universal monotheism of the Hebrew prophets, the radical
commitment of Christ’s life, and the inner transformation of the early
Christians were all innovations that we can think of as mutations,
though they were not random. But all three cases presented a protest
against the kind of harshness typical of natural selection, a protest in the
name of a God of love as well as judgment. In contrast to the process of
evolution, the God of the Bible was said to have a special concern for
the weak and disadvantaged. Biblical faith involves adaptation, not to
the prevailing natural or cultural environment, but to the ultimate
reality: God.48 Theissen thus makes considerable use of evolutionary
categories but often to show how biblical assumptions differ from those
of biology.
Finally, anthropologists and sociologists have portrayed the functional
role of religion in binding individuals in social groups and in preserving
the social order. Early in the century, Emile Durkheim described the
function of religion in legitimating prevailing values and institutions.
Through religious practices, individuals are taught to internalize the
group’s expectations and restrain egotistical desires. Durkheim held that
the gods are merely symbolic expressions of social values. Religion
provides the central symbols and rituals by which societies interpret and
validate themselves. In this view, religion has been a predominantly
conservative force, contributing to social stability and reflecting
prevailing norms.49
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Max Weber, by contrast, saw religion as a source of change as well as
of stability. Charismatic individuals have started new religious
movements that altered the course of history. Religion is in part a
reflection of social values, but it is also an influence upon social values.
Weber’s most famous case study traces the influence of Protestantism
on the rise of capitalism. For him, religion is not simply the product of
other social forces.50
We can grant that religion does serve important functions in human life,
which contribute to both stability and change. But this does not mean
that religion is just a survival mechanism or a purely human creation. At
the same time it may have been a response to a transcendent reality. The
social sciences provide important insights into the role of religion as a
social institution, but they cannot provide the last word in evaluating
religious claims. As Frederick Streng puts it: "Social scientists limit
themselves to interpreting those aspects of religious life that can be
defined and observed empirically and that can be understood in terms of
human creative processes and patterns of experience. This position, for
other scholars of religion, seems oversimplified because it tends to
reduce ‘religion’ to something else, rather than considering religious
phenomena in their own right."51
2. The Biblical View of Human Nature
Let us focus more specifically on Judaism and Christianity. The two
central stories of Judaism are creation and the covenant. Christianity
adds a third, the story of Christ. We have said that sacred stories show
the nature of the cosmic order and our place in it. What understanding
of human nature is implied by these biblical stories? Is the biblical view
compatible with the findings of evolutionary biology?
We have seen (chapter 5) that the biblical creation story is somewhat
complex because, according to most historical scholars, the seven-day
narrative (Gen. 1:1 to 2:3) was written in the postexilic period, several
centuries later than the Adam and Eve narrative (2:4 to 3:24). The
creation of humanity occurs in both accounts. In addition, subsequent
interpreters have emphasized the distinction between the perfect state of
humanity as created (up to 2:24) and its subsequent sinful state after the
fall. But if we take other portions of the Bible along with Genesis, we
can trace four themes that describe human nature.52
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1. A Creature, but Unique among Creatures
The Bible sees humanity as rooted in nature, sharing the finitude,
creatureliness, and death of all living things. All creatures are part of a
single system, an interdependent community of life, an inclusive order.
The sixth day of creation is integral with the first five days. Adam is
formed from the dust, enlivened by the breath of life: "You are dust, and
to dust you shall return" (Gen. 3:19). Yet humans alone are made "In the
image of God" (1:26). They alone are responsible selves who can be
addressed by God. They alone are free moral agents who can respond to
the demands of righteousness and justice.
The conclusion of the Adam and Eve story (3:16-19) implies that in the
Garden of Eden there was no death and suffering for humanity (or for
other creatures, according to later interpreters); death and suffering were
a divine punishment for sin. Today we cannot accept the historicity of
such a paradise. We know that death and suffering are necessary
conditions of life in an evolutionary world. New life is possible only
through the death of the old. Pain is the price of greater sentience, and it
is often a signal of danger. The image of Adam and Eve in paradise can
be retained only as a symbol of the goodness of creation and the
conviction that finitude as such is not evil. Sin results from human
choices, not from the structures of the world for which God is
responsible.53 (We will return to the problem of the existence of evil
and suffering in the next chapter.)
The biblical authors pictured the separate creation of each kind of
creature. They did not, of course, have any notion of the evolutionary
continuity of nonhuman and human life. But they did portray both
similarities and differences between nonhuman and human life, which
would be broadly consistent with the scientific evidence presented
above. Only in the early centuries of the Christian church were the
differences accentuated and absolutized by the introduction of the Greek
idea of an immortal soul, as we shall see. I will suggest that by drawing
an absolute line between humanity and other creatures, later Christianity
contributed to the attitudes that encouraged environmental destruction.
2. An Individual, but in Community
In the biblical tradition, we are inherently social beings. Men and
women were made for each other, and Genesis 1 treats them identically.
But the story of the creation of Eve from Adam’s rib and her role in
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tempting Adam reflected the assumptions of a patriarchal society and,
unfortunately, contributed to the subsequent subordination of women.
But at least the social character of selfhood was acknowledged.
Moreover, the covenant was with a people, not with a succession of
individuals. Some of the psalms and later prophets focus on the
individual (for example, Jeremiah speaks of a new covenant written in
the heart of each person), but this was always within the context of
persons-in-community. Judaism has preserved this emphasis on. the
community, whereas Christianity has sometimes been more
individualistic (for example, some Protestants focus on saving
individual souls). In the Bible, we are not self-contained individuals; we
are constituted by our relationships. We are who we are as children,
husbands and wives, parents, citizens, and members of a covenant
people.
This view of the social self is consistent with scientific findings. Both
genetic and cultural evolution are group processes. We evolved as social
beings; language and symbolic thought would be impossible without
others. Children have been discovered who had grown up in isolation
from all human contact; they were unable to acquire language later and
were permanently deprived of many aspects of normal human existence.
We gain our sense of self in part by the ways our parents and others
ascribe feelings and intentions to us and treat us as persons. The image
of persons-in-community emphasizes our relatedness, without denying
the value of the individual or absorbing the individual in the collective.
3. In God’s Image, but Fallen
According to Genesis, humanity was created "in the image of God." The
image has been variously interpreted as rationality, spiritual nature,
responsibility, or personal existence. Others have understood the Imago
Dei relationally: it refers to the relation of human beings to God, or to
their dominion over all other creatures. There has been extended debate
as to how much of the image was lost in the fall. The theologian
Matthew Fox says that Genesis represents an "original blessing" of
humanity, and that "original sin" was later given a central place only
because Paul, Augustine, and their followers were pessimistic about
human nature, leaving a powerful legacy of guilt among Christians.54
Fox overstates his case, but it is clear that the Bible itself sees humanity
as ambivalent, capable of both good and evil, rather than as
fundamentally evil. "Thou hast made him little less than God, and dost
crown him with glory and honor" (Ps. 81:5). We have remarkable
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2071 (21 of 42) [2/4/03 6:41:59 PM]

Religion in an Age of Science

capacities, which can be used creatively and compassionately. This
basically positive appraisal of human nature has been characteristic of
Judaism through the centuries.
But Adam’s fall is also an important part of the story. Inmost of
Christian history, Adam was assumed to be both an actual individual
and a representative of humanity. In the light of evolutionary biology,
we can retain the latter but not the former. Once again, we must take the
story seriously but not literally. Adam’s story is Everyman’s journey
from innocence to responsibility and sin. Sin is compounded of
egocentricity and disobedience to God. Self-centeredness and turning
from God are two sides of the same act. The story goes on to portray the
experience of anxiety, evasiveness, and sense of guilt. To these facets of
individual sin, other biblical passages, especially in the Prophets, add
the communal dimension of social injustice (for example, Amos 1-4).
Failure to love God and neighbor are seen as inseparable from
inordinate self-love.
Modern theologians have tried to express these biblical ideas in
contemporary terms. Reinhold Niebuhr rejects the idea that original sin
is inherited from Adam, but he says that we do inherit sinful social
structures that perpetuate themselves in injustice and oppression. Every
group tends to absolutize itself, blind to the rationalization of its selfinterest. Niebuhr also describes the anxiety and insecurity that lead
individuals to try to deny their limitations.55
Paul Tillich identifies sin with three dimensions of estrangement. Sin is
estrangement from other persons in self-centeredness and lovelessness.
It is estrangement from our true selves in pursuing fragmented and
inauthentic goals. It is estrangement from God, the ground of our being,
in attempted self-sufficiency. For Tillich, estrangement, brokenness, and
division can be overcome only in reconciliation, healing, and
wholeness.56 To Tillich’s three forms of sin I would add a fourth:
estrangement from nonhuman nature by denying its intrinsic value and
violating our interdependence. I suggest that sin, in all its forms, is a
violation of relatedness.
Events of the twentieth century have supported a more sober assessment
of human nature than was characteristic of the authors in the eighteenth
and nineteenth centuries who wrote about the perfectibility of humanity
in an Age of Reason and an Age of Progress. No event has more
undermined such optimism than the depth of evil in the massacre of six
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million Jews in the Holocaust. Auschwitz occurred, not in a primitive
society, but in a nation of outstanding scientific and cultural
achievements. Moreover, twentieth-century science has provided
evidence of inherited aggression from our animal past and of the power
of the unconscious over our decisions and actions. I have argued that
many of these accounts are overdrawn and do not absolve us from
personal responsibility, but they do point to the presence of irrational
forces in human nature. Animals rarely kill members of their own
species; their combat is often ritualized and stops short of serious injury.
Yet among the human species, this century has seen unprecedented
violence, and a large fraction of the world’s scientific and technological
resources is devoted to improving the weapons of mass destruction. We
threaten whole populations with nuclear annihilation. The concept of sin
is not outdated.
On the other hand, there is some evidence from psychotherapy that too
negative a view of human nature and too low an estimate of ourselves
can be harmful. Guilt without forgiveness or self-hatred without selfacceptance seem to hinder rather than encourage love of others. Some
theologians join psychologists in calling for a self-respect that is not selfabsorption. Perhaps the goal is self-understanding and realism in
recognizing both our creative and our destructive potentialities.
4. A Unitary Person, Not a Body-Soul Dualism
The Bible looks on body, mind, and spirit as aspects of a personal unity.
The self is a unified activity of thinking, feeling, willing; and acting. H.
W. Robinson writes, "Characteristic of the Old Testament, the idea of
human nature implies a unity, not a dualism. There is no contrast
between the body and the soul such as the terms instinctively suggest to
us."57 According to Oscar Cullmann, "the Jewish and Christian
interpretation of creation excludes the whole Greek dualism of body and
soul."58 There is, then, no biblical dichotomy between matter and spirit.
In particular, the body is not the source of evil or something to be
disowned, escaped, or denied -- though it may be misused. We find
instead an affirmation of the body and a positive acceptance of the
material order. The person is an integral being, an active bodily self.
Lynn de Silva writes:
Biblical scholarship has established quite conclusively that there is no
dichotomous concept of man in the Bible, such as is found in Greek and
Hindu thought. The biblical view of man is holistic, not dualistic. The
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notion of the soul as an immortal entity which enters the body at birth
and leaves it at death is quite foreign to the biblical view of man. The
biblical view is that man is a unity; he is a unity of soul, body, flesh,
mind, etc., all together constituting the whole man.59
When belief in a future life did develop in the inter-testamental and
New Testament periods, it was expressed in terms of the resurrection of
the total person by God’s act, not the inherent immortality of the soul.
Cullmann shows that the future life was seen as a gift from God "in the
last days," not an innate human attribute.60 Paul speaks of the dead as
sleeping until the day of judgment when they will be restored -- not as
physical bodies nor as disembodied souls, but in what he calls "the
spiritual body" (1 Cor. 15:44). Such views of the future life may be
problematic, but they do testify that our faith is in God and not in our
own souls and that our whole being is the object of God’s saving
purpose.
Paul’s contrast of flesh and spirit at first seems to support a dualistic
view, but more careful analysis shows that this is not the case. He never
portrays a body that is inherently evil and a soul that is inherently good.
Sin is in the will, which governs our whole being; "spiritual" sins such
as pride and self-righteousness are prominent in Paul’s account (for
example, Rom. 7-8). (To be sure, Paul does speak of an inherited
impulse to evil and of the occasions of temptation presented by the
body. But "the flesh" is a symbol of the weakness of human nature in all
its dimensions, rather than of any intrinsic evil associated with matter or
the body as such.)
Only in later Gnostic and Manichaean movements did a strong dualism
develop in which matter was understood to be evil. This trend was
influenced by the Greek idea (evident already in Plato’s Phaedo and
prominent in the Hellenistic world) that the body is a prison from which
death liberates the soul. Other forces in the declining Greco-Roman
culture aided the growth of asceticism, monasticism, rejection of the
world, and the search for individual salvation. Some of these negative
attitudes toward the body are seen in Augustine’s writing and in
medieval Christianity, but they represent a departure from the biblical
affirmation of the goodness of the material world as God’s creation.61
The classical dualism of soul and body accentuated the distinction
between humanity and other creatures. Even though the scheme was
ultimately theocentric, the premise that only human beings had souls
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encouraged an anthropocentric view of our status within the world. In
the Middle Ages this was counterbalanced by a sense of the organic
unity of a world designed according to God’s purposes. But the
nonhuman world plays only a supporting role in the Medieval and
Reformation dramas of human redemption, and it is not surprising that
there was little resistance to the exploitation of nature for human
purposes when industrial technology later developed.62
Some kinds of scientific evidence seem to support this biblical picture
of a unitary person, a psychosomatic unity. We know that genes and
drugs drastically influence human personality. There are genetic and
biochemical as well as environmental factors in mental illness. If one
imagined a soul immune to such influences, it would be an abstract and
detached entity unrelated to the living person or to biological and
evolutionary processes. A self, by contrast, is the highest level of a
unified organic being. Moreover, the preponderance of evidence from
psychology is that people are healthier if they accept their bodily
existence, including their sexuality, as a potentially valuable part of
their total being, rather than denying or suppressing it.
In sum, it would be consistent with both the scientific and the biblical
outlook to understand the person as a multileveled unity who is both a
biological organism and a responsible self. We can escape both dualism
and materialism if we assume a holistic view of persons with a
hierarchy of levels. Some of these levels we share with all matter, some
we share with all living things, some with all animal life, while some
seem to be uniquely human. The person can be represented by the
concept of the self conceived not as a separate entity but as the
individual in the unified activity of thinking, willing, feeling, and acting.
The self is best described, not in terms of static substances, but in terms
of dynamic activities at various levels of organization and functioning.
In the biblical view, it is this integral being whose whole life is of
concern to God.
3. The Role of Christ
The person of Christ is relevant to the Christian understanding of human
nature for two reasons. First, Christ has traditionally been viewed as the
realization of true humanity. In him we see the character of God’s
purposes for human life, the fulfillment of human nature. Second, the
Christian community has experienced through the story of Christ the
power of reconciliation overcoming estrangement -- or, in more
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traditional terms, redemption overcoming sin. The Christian account of
humanity would be incomplete without the story of Christ. Our task is
to understand how this story can be viewed in an evolutionary cosmos
and a religiously pluralistic world.
We noted earlier that the Gospels were written a generation after
Christ’s death, and they reflect the experience and theological
interpretations of the early Christian community. The resurrection
experiences were clearly crucial for the disciples. Whatever happened at
Easter and Pentecost convinced them that God had vindicated Christ’s
person and mission. The early Christians experienced a release from selfcenteredness and fear of death. Their lives were transformed in joy and
gratitude and they proclaimed the good news of what God had done in
Christ.
The early Christians were convinced that in Christ God had taken the
initiative. Through him they had come to a new experience of God.
Preaching to Jewish listeners, they spoke of him as the Messiah ("the
anointed one, Christos in Greek), the deliverer whom Israel awaited.
Jesus had associated his own person with the coming of the Kingdom,
though he evidently interpreted his messianic role as that of a suffering
servant, rather than as political leader or supernatural ruler. Writing to
Greek readers, Paul used a different terminology: "God was in Christ,
reconciling the world to himself" (2 Cor. 5:18). John identified Christ
with "the Word," the logos of Hellenistic thought, the principle of divine
wisdom which was now "the Word made flesh" (John 1:14)63
For several centuries the church wrestled with ways of expressing its
conviction concerning the human and the divine in Christ. The view of
the Ebionites that Christ was a great teacher "adopted" by God for a
special mission was rejected. Equally unacceptable was the opposite
extreme, the Docetist claim that Christ was God incognito, merely
disguised in the likeness of a man but not really human (and not really
dying on the cross). The final formula agreed on at Chalcedon in 451
was "complete in Godhead and complete in manhood, two natures
without division, confusion or separation, in one person." The Nicene
creed said he was "of one substance with the Father."
These creedal formulas served the negative function of ruling out
unacceptable views. But they said nothing about how the "two natures"
were related to each other. Moreover, they have often been interpreted
in such a way that Christ’s humanity was compromised (as an
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impersonal human nature without a human personality, or a human
body without a human consciousness). The static Greek categories in
which the doctrines were expressed, such as nature and substance, were
familiar in the early church and in the medieval world, but this wider
framework of thought is both problematic and unfamiliar today.64
I submit that in reformulating Christology today we should keep in
mind the intent of the classical doctrines but should make use of
categories of relationship and history rather than of substance. On the
human side of the relationship, we can speak of Christ as a person who
in his freedom was perfectly obedient to God. Through his own
openness to God, his life reveals God’s purposes to us. He identified
himself with God and did not obstruct or distort God’s will. He was
inspired and empowered by God. On the divine side, we can speak of
God as acting in and through the person of Christ. Christ is thus God’s
revelation to us. What was unique about Christ, in other words, was his
relationship to God, not his metaphysical "substance." We can speak of
the unity between Christ and God and yet assert the presence of two
wills. For example, in Gethsemane he prayed (Luke 22:42), "Not my
will but thine be done." We have to think of what God did and also of
what Christ did as a free human being. Without freedom and personal
responsibility there would be no true humanity.65
Geoffrey Lampe maintains that the most adequate Christology is a
recovery of the idea that God as Spirit was present in the life of Christ.
In the Old Testament, the Spirit was God active in creation and in
human life, notably in the inspiration of the prophets. According to the
Gospels, Christ received the Spirit at his baptism. The early church
experienced at Pentecost an outpouring of joy and love, which they
accepted as the gift of the Spirit. For them, the Spirit was closely
associated with Christ, through whom they had come to a new
experience of God. Lampe discusses Paul’s many references to the
Spirit and his description of the Christian virtues as "fruits of the
Spirit."66
But Lampe points out that with the development of trinitarian thought
in the patristic period, the Spirit was no longer thought of as God’s
presence but as a separate being mediating between God and the world.
The Holy Spirit was subordinated to the eternal Son who was identified
with the logos as agent of creation. In the revision of the Nicene Creed
in 589, it was said that the Spirit proceeds from the Father "and the Son"
(filioque, a term that the Eastern Orthodox church rejected). It was also
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said that the eternal Son assumed the general form of human nature -an idea that Lampe thinks compromised the historical individuality and
the true humanity of Christ. He maintains that if we say that God’s
presence inspired the free human response of Christ, we can
acknowledge his full humanity, while affirming that through Christ God
acted decisively. Moreover, it is the same Spirit who inspires other
persons and evokes their faith and love. There is one God who as
indwelling Spirit was present in the life of the prophets, Christ, and the
early church -- and can be present in our lives today.
Lampe holds that such a view brings together creation and redemption
as a single continuous activity of God. Through the long evolutionary
process God formed responsive creatures. But Christ was a focal point
of God’s activity and self-revelation, and he is for us the key to
understanding the whole creative and saving work:
The one continuous creative and saving work of God as Spirit begins
with the origin and evolution of the cosmos itself, becomes personal
communion with created persons when rational human beings come into
existence, comes to be defined, so far as God’s indwelling in man is
concerned, in Christ as the pattern and archetype of personal union
between God as Spirit and the spirit of man, and moves forward towards
the goal of creation when humanity will be fully formed into the
likeness of Christ, the model ‘Adam.’67
I suggest, then, that in an evolutionary perspective we may view both
the human and the divine activity in Christ as a continuation and
intensification of what had been occurring previously. We can think of
him as representing a new stage in evolution and a new stage in God’s
activity. Christ as a person (not just as a body) was part of the
continuous process that runs back through Australopithecus and the
early forms of life to those atoms formed in primeval stars. He was also
in the line of cultural and religious evolution that we have traced, and he
was deeply formed by the ethical monotheism of Israel. Yet in his
person and life and ideas, and in the community’s response to him, he
represented something genuinely new. We have said that in the sphere
of culture, novelty is not the result of random mutations, and selection is
not mainly a matter of physical survival; both are results of human
freedom and decision.
But we can also view Christ as the product of a divine activity that has a
long history. For millions of years there was the continuing creation of
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the nonhuman world, and then of humanity and culture, at an
accelerating rate. In the great religious traditions of the world, and
especially in the history of Israel, God’s immanent creativity was
increasingly focused, and individual persons were increasingly
responsive. In Christ, both divine intention and human response allowed
a more powerful revelation of God’s nature than had occurred
previously. We have, then, a basic continuity of creation and
redemption.
Writing in the Anglican tradition, Lionel Thornton presents a
Christology in the framework of emergent evolution. Each new level in
evolution brought greater complexity, freedom, and social interaction,
and each incorporated all previous levels within a new unity. In
humanity, at the level of spirit, there was a greater openness to the
eternal order, but also a failure to respond to it. Thornton says that
Christ as "the new creation" was both the fulfillment and the
transformation of the previous cosmic series in a new order of reality.
He was at once a culmination of the series and a new revelation of the
eternal.68 It appears, however, that by portraying Christ as a new
species, Thornton has denied that he was fully human.
Teilhard de Chardin has also represented Christ as the fulfillment of
evolution. In his view, Christ was not primarily an antidote to human sin
but a new stage in evolution, organically related to the whole cosmic
process. Grace is a creative force in all life, fulfilling nature rather than
replacing it. Redemption is a continuation of creation on a new level,
leading to the consummation of evolutionary convergence. In Christ we
see the divine purpose: to unite all reality and bring it to union with
God.69 As noted earlier, redemption for Teilhard is social and cosmic as
well as individual. I have found his writing helpful, but I will suggest in
the next chapter that process theology offers a more adequate
framework for articulating an evolutionary Christology.
What is the relevance of Christ to us today? The Christian community
believes that it is through Christ that reconciliation may occur in our
lives. If sin means estrangement from God, from ourselves, from other
persons, and from the rest of nature, then reconciliation is also fourfold.
Reconciliation with God takes place when repentance and forgiveness
overcome guilt and when we know we are accepted despite our
inadequacies. There is reconciliation with ourselves when healing and
wholeness replace brokenness and fragmentation and when selfacceptance accompanies empowerment and renewal. There is
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reconciliation with other persons when we are released from selfcenteredness, freed to love the neighbor and to take action for social
justice.70 Reconciliation with the rest of nature occurs when we
recognize our common dependence on God and our continuing
interdependence. If sin is indeed the violation of relationships,
redemption is the fulfillment of relationships. For the Christian
community the power of reconciliation and renewal is revealed most
completely in the person of Christ.
The most important ritual in Christianity is the Eucharist or Lord’s
Supper, which directs the community’s attention to Christ’s death.
There have been two main theological interpretations of this event.71 In
the objective interpretation, set forth by Anselm and dominant in
Catholic thought and evangelical Protestantism, the cross is an
expression of God’s justice in relation to human sin. As a
substitutionary atonement, "Christ died for our sins" by taking our place
and undergoing the judgment we deserve. (This was an extension of the
Old Testament idea of sacrifices to expiate human sins, but since it was
held that in Christ God had provided the sacrifice, it was also seen as an
expression of God’s love.) In the subjective interpretation, set forth by
Abelard and dominant among liberal Protestants, Christ’s self-sacrifice
was a moral example, which can inspire us to examine our own lives.
Christ’s teaching, life, and death are a revelation of God’s love (more
than of justice), and they can bring us to repentance. The transformation
occurs in us as we ourselves accept God’s forgiveness and love. The
subjective view is more consistent with the understanding of Christ
presented above, but at least some of the insights of the objective view
can be combined with it.
With this interpretation, we can be loyal to the tradition in which
revelation and renewal have occurred for us, without claiming that they
cannot occur elsewhere. We can acknowledge divine initiative and
human response in other traditions. We can respect the power of
reconciliation wherever it occurs. This world lead to a path between
absolutism or exclusivism, on the one hand, and relativism or
skepticism, on the other. In a religiously pluralistic world, it would
encourage genuine dialogue in which we can learn from each other
without denying our indebtedness to our own tradition, as was proposed
in chapter 3.
The classical view draws an absolute line between Christ and other
humans, just as it draws an absolute line between human and nonhuman
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life. In both cases there is said to be a difference in metaphysical
substance -- Christ’s divine substance, in the first instance, the human
soul in the second. I am suggesting that in comparing Christ and other
people, as in comparing human and nonhuman life, we should speak of
differences in degree. These can add up to differences in kind, but with
no absolute lines. In both cases the genuinely new emerges showing
both continuity and discontinuity with the old. One might think of a
spectrum of persons, starting with a typical religious believer, then the
prophets and saints, the founders of other religious traditions, and
finally Christ. In all of these lives there was divine initiative and
committed human response, in varying degrees. God’s mode of
operation was the same throughout, but God’s purposes and the human
responses varied. For the Christian, Christ is the distinctive but not
exclusive revelation of the power of God.
As in the previous chapter, we have in this chapter rejected both
materialism (ontological reductionism) and dualism in favor of the idea
of a hierarchy of levels. We can accept all that science tells us about our
evolutionary history and biochemical functioning. We can at the same
time acknowledge the unique features of human mental, cultural, and
religious life. Beyond that, we can without inconsistency portray a
special role for the person of Christ within this historical framework. In
the next chapter we will explore the contribution of process thought to
the systematic articulation of these claims.
III. The Human Future
Ideas about the future are inescapably speculative. Yet our expectations
and hopes strongly influence our actions, which can affect the future.
What can be said about the human future from the standpoint of science
and from the standpoint of theology?
1. Science and the Human Future
In chapter 5 we looked at the speculations of cosmologists concerning
the future of the cosmos. Their conclusions allow a very long time for
biological evolution to continue on planet earth. Our sun will support
life for at least five billion years -- longer than there has been life on
earth in the past, and ten thousand times the total span of Homo sapiens.
We have seen that in the past the pace of biological evolution has
increased as higher levels of complexity were achieved. Our genes
represent the cumulative legacy of a long history of interaction of
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organisms and environments, stretching back to the dawn of life. The
past is built into the present, and it shapes the future, providing the
starting point for further evolutionary change but not determining it.
Human nature is not static or complete, and there is no reason to think
that we are the end of the line.
But we have seen that cultural evolution, while it is built on this genetic
heritage, permits much more rapid and deliberate change. It, too,
provides for the transmission of information from the past and for the
introduction of novelty, but in culture there are distinctive forms of
innovation and selection. In an earlier chapter we listed some of the
special features of human history: the ideas and goals of agents, the
social meanings of language, the possibility of imaginative new
responses to social challenges and crises. Today humankind faces
immediate crises, which require changes on a time scale far shorter than
that of biological evolution. Richard Leakey, an expert on the early
ancestors of humankind, was recently asked what he thought humankind
would be like a million years from now. He replied that the important
period to think about is the next one hundred years, for that is the time
when human existence is imperiled.72
A major factor in the current human crisis is technology. Technology
goes back to the early use of tools, the production of metals, and the
medieval use of wind and water power, but it developed rapidly with the
introduction of steam power in the Industrial Revolution. The
technologies of the twentieth century are new in two ways: they are
based on advances in science, and they exert power over nature and
human destiny on an unprecedented scale. For example, ecological
destruction is occurring at an unparalleled rate. Species have become
extinct throughout evolutionary history, but now by some estimates ten
thousand species are driven to extinction each year; their genetic
libraries, built up over millions of years, are lost forever.
Nuclear technology is the most dramatic example of our new power.
Knowledge of nuclear forces made it possible for us to split the atom -a striking example of Einstein’s conclusion concerning the equivalence
of energy and mass (Emc2). We try to suppress the memory of
Hiroshima. We build up gigantic nuclear arsenals, hoping that their
presence will prevent their use but courting disaster as more and more
nations acquire nuclear weapons. A nuclear holocaust would destroy the
fabric of human civilization and possibly threaten the survival of
humanity. While this outcome does not appear probable, it is a sign of
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our arrogance and blindness that we would take even a small risk of
destroying in a few days or months what God has evoked into being
over the past millions of years.
Genetic engineering offers the prospect of the deliberate alteration of
the genetic structure of organisms and even of human beings. Here
again is an unprecedented power over the human future. We face
promising possibilities for improving the agricultural productivity of
crops in the midst of food scarcities and for lifting the burden of human
suffering caused by genetically inherited diseases. But we also face
risks of unintended repercussions and controversial ethical issues,
especially if human genes are altered not just to cure diseases but to
achieve improvements in human characteristics. Information
technologies, communications, computers, and new forms of artificial
intelligence will have major impacts on society and on our selfunderstanding. Each of these technologies raises ethical questions,
which will be explored in the second volume.
Today we see new evidence of global interdependence and the need for
a global viewpoint. Many environmental impacts, such as the
greenhouse effect, are global. Natural resource use, international trade,
communications networks, and economic policies connect us around the
world. The astronauts’ amazing photographs of the earth from the moon
are images of our planet for the space age. Can we develop institutions
that will encourage planetary survival without suppressing cultural
diversity? We must act with urgency without ignoring the needs of
future generations. Our economic and political institutions encourage us
to adopt a very short time scale: this year’s profit statement, next year’s
election. We must learn to view short-term national goals in the context
of long-term global goals.
2. Theology and the Human Future
How does Christian theology view the future? We have seen that there
were two strands in biblical eschatology. Prophetic eschatology saw
God’s judgment in times of crisis and possible disaster, but it also held
out hope for the future if the nation changed its ways. Apocalyptic
eschatology, on the other hand, despaired of human action and placed
all its hope in a supernatural intervention that would destroy the present
world and establish a totally new order. I indicated that the latter view
undercuts human responsibility and the conviction that our actions make
a difference. In the prophetic view, the Kingdom of God will come
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through a combination of divine initiative and human response. The
prophets’ message included a strong call to social justice and a vision of
shalom (peace and harmony). It presupposed that human beings are not
totally sinful and can respond to God’s call. Christ, in turn, carried
further the call to love and reconciliation, and he exemplified it in his
own life.
Theologian Philip Hefner has explored our role as created co-creators
in an evolutionary context. Building on Burhoe’s synthesis of genetic
and cultural evolution, he presents the whole evolutionary process as
God’s way of creating free creatures. As created, we are dependent on
sources beyond ourselves, including a genetic past, which was
determinative before humanity appeared. As co-creators, we have
freedom and the capacity to seek new directions, possibilities that are
novel and yet within the constraints set by our genetic inheritance.
Hefner says that nature is "stretched" and "enabled" as it gives rise to
the new zone of freedom. "Homo sapiens is God’s created co-creator
whose purpose is the stretching/enabling of the systems of nature so that
they can participate in God’s purposes in the mode of freedom."73 God
is immanent in the creativity and self-transcendence evidenced in
evolutionary history and continuing into the future.
Hefner maintains that we can participate in God’s ongoing creative
work: "We humans created in the image of God are participants and cocreators in the ongoing work of God’s creative activity. We are being
drawn toward a shared destiny which will ultimately determine what it
means to be a true human being." 74 Hefner holds that Christ is the
prototype of true humanity and represents a radically new phase in
cultural evolution. In Christ we come to know God’s will as universal
love. The eschatological hope is a confidence in God’s purpose to
perfect and fulfill the creation. Human beings can be conscious agents
in a new level of creation, says Hefner, but they are also in a stage of
great precariousness and vulnerability. Technology gives us immense
powers over nature, and our decisions will affect all terrestrial life. We
have a responsibility, not only for our own future, but also for the rest of
the creatures on our planet.
The World Council of Churches has set forth some social goals for our
times. At the WCC conference on Faith and Science held at MIT in
1979, those goals were summarized as "Justice, Participation, and
Sustainability."75 A revised version was adopted at the WCC Assembly
in Vancouver in 1983: "Peace, Justice, and the Integrity of Creation."76
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My own list would include both these sets of goals:
1. Justice. Today there is a grossly inequitable global distribution of
resources. Four hundred years of Western military and economic
domination have created and perpetuated gaps between rich and poor
nations. Large-scale technologies are expensive and lead to a
concentration of economic power, both within nations and between
nations. The biblical concern for the oppressed and dedication to social
justice are profoundly relevant to a technological world.
2. Peace. Justice and peace are not competing goals, for justice is a
precondition of peace, and a reduction of military budgets is necessary
to release the funds required for global development. Three-fourths of
the U.S. federal budget for research and development is devoted to
military technology.77 Arms control and disarmament must clearly have
a higher priority on our national agendas. The classical Christian criteria
for a "just war" are obsolete in a nuclear age.
3. Environmental Preservation. The goal of preserving the environment
includes sustaining natural resources, reducing pollution, and preserving
species and ecosystems. The biblical theme of stewardship can offset
the one-sided emphasis on human dominion, which contributed to the
unbridled exploitation of the environment. This requires us to rethink
our understanding of the relation of humanity to nonhuman nature and
to develop a more adequate theology of nature for representing God’s
relation to the created order.
4. Participation. Many citizens feel either incompetent or unable to take
part in policy decisions in a technological society. The concentration of
economic power in large-scale technologies is reflected in the political
power of industrial and governmental bureaucracies. The preservation
of democracy and political freedom requires an examination of how
citizens can participate with legislators and technical experts in the
complex policy decisions of an age of technology.
Apart from such particular ethical goals, the biblical tradition can
contribute significantly in its images of the future. In times of crisis,
people are searching for new visions; changes in perceptions and in
values can occur more rapidly than during more stable times. The Bible
presents images of human fulfillment that do not ignore material
welfare; we are called to concern for the hungry and the homeless. But
it also describes other sources of fulfillment in interpersonal
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relationships, appreciation of the natural world, and spiritual growth.
Above all, its vision of shalom includes social harmony and cooperation
as well as peace and prosperity. These ethical goals and their relevance
for an age of science-based technology are taken up in the next volume.
In the meantime we need to draw together some of the threads from the
present volume.
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Chapter 8: Process Thought
We have traced successive levels of reality in subatomic particles,
atoms, molecules, lower forms of life, animals, and human beings. We
have asked how these levels were related to each other historically and
how they are related to each other in organisms today. At each stage the
philosophical and theological implications were explored. At this point
our conclusions can be summarized by indicating some general
characteristics of nature, which are evident in all its forms. We then
consider the distinctive metaphysical categories that process philosophy
proposes for the coherent interpretation of these varied phenomena.
Finally, process theology is analyzed, preparing the way for the broader
theological discussion in the concluding chapter. Process thought
provides a systematic framework for bringing together these scientific,
philosophical, and theological ideas.
I. Summary: A Multileveled Cosmos
The individual sciences encountered in previous chapters are diverse in
the domains that they study and in the concepts and theories that they
employ. Nevertheless, there has arisen a common evolutionary and
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ecological view that cuts across disciplinary lines. The change is so far
reaching that it can be considered a paradigm shift. The older paradigm
is still prevalent; we are in a period of competing paradigms (in Kuhn’s
terms) or programs (in Lakatos’s). The new outlook stands out more
clearly if it is compared with dominant Western assumptions in previous
periods. I have elsewhere presented the medieval and Newtonian views
of nature in their historical contexts.1 At the risk of oversimplification, I
summarize them here in order to highlight the new features of
contemporary thought.
1. Medieval and Newtonian Views
The medieval view of nature combined Greek and biblical ideas,
reflecting the continuing influence of Plato and Aristotle as well as
scripture (see fig. 4).
1. Nature was seen as a fixed order; there was change within it, and
there was directionality in human history, but the basic forms were
thought to be immutable.
2. It was teleological (purposeful) in that every creature expressed both
the divine purposes and its own built-in goals. Phenomena were
explained in terms of purposes.
3. It was substantive; the components were separate mental and material
substances. A substance was taken to be independent and externally
related, requiring nothing but itself (and God) in order to be.
4. The cosmos was hierarchical, with each lower form serving the higher
(God/man/woman/animal/plant). Nature was a single coherent whole, a
graded but unified order, with all parts working together for God’s
purposes according to the divine plan. The institutions of church and
society were also held to be fixed and hierarchical, integrated into the
total cosmic order. The scheme was anthropocentric in holding that all
creatures on earth were created for the benefit of humanity; an absolute
distinction was assumed between humanity and other creatures. The
earth was the center of the cosmos, surrounded by the celestial spheres
and the eternal heavens.
5. The interpretive categories were dualistic, with fundamental contrasts
between soul and body, between immaterial spirit and transitory matter,
and between the perfect eternal forms and their imperfect embodiment
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in the material world. The purpose of the material was to serve the
spiritual, and the goal of this life was to prepare for the next.
6. To summarize the medieval view, we might think of nature as a
Kingdom, an ordered society with a sovereign Lord.

MEDIEVAL NEWTONIAN TWENTIETH-CENTURY
1. Fixed order Change as rearrangement Evolutionary, historical,
emergent
2. Teleological Deterministic Law and chance, structure and openness
3. Substantive Atomistic Relational, ecological, interdependent
4. Hierarchical, anthropocentric Reductionistic Systems and wholes,
organismic
5. Dualistic (spirit/matter) Dualistic (mind/body) Multi-leveled
6. Kingdom Machine Community
Fig. 4. Changing Views of Nature

The Newtonian view differed at each of these points.
1. It gave greater scope to change, but only to change as rearrangement
of the unchanging components, the fundamental particles of nature. The
basic forms were still thought to be fixed, with no genuine novelty or
historical development in nature.
2. Nature was deterministic rather than teleological. Mechanical causes,
not purposes, determined all natural events. Explanation consisted in the
specification of such causes. It was asserted that the future could be
predicted if we had complete knowledge of the past.
3. It was atomistic in taking separate particles rather than substances to
be the basic reality of nature. The theory of knowledge (epistemology)
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was that of classical realism: the object can be known as it is in itself
apart from the observer. The atomistic outlook was paralleled by an
individualistic view of society (seen, for example, in ideas of economic
competition and social contract theories of government).
4. The approach to nature was reductionistic and mechanistic rather than
hierarchical, since the physical mechanisms and laws at the lowest
levels were thought to determine all events (except those in the human
mind).
5. It was dualistic, though the division differed from that of the Middle
Ages. Newton accepted the Cartesian dualism of mind and body; God
and human minds were the great exceptions in a mechanistic world.
Human rationality was seen as the mark of our uniqueness, even if the
earth was no longer at the center of the cosmic system. But the leaders
of the eighteenth-century Enlightenment believed that humanity was
also a part of the all-encompassing world machine, whose operation
could be explained without reference to God. Such a materialistic world
held no place for consciousness or inwardness except as subjective
illusions. Moreover, if nature is a machine, it is an object that can
appropriately be exploited for human uses.
6. The Newtonian view can be summarized in the image of nature as a
machine.
2. The New View of Nature
Twentieth-century science, we have seen, departs significantly from the
Newtonian conception of nature (see fig. 4, right column).
1. In place of immutable order, or change as rearrangement, nature is
now understood to be evolutionary, dynamic, and emergent. Its basic
forms have changed radically and new types of phenomena have
appeared at successive levels in matter, life, mind, and culture.
Historicity is a basic characteristic of nature, and science itself is
historically conditioned.
2. In place of determinism, there is a complex combination of law and
chance, in fields as diverse as quantum physics, thermodynamics,
cosmology, and biological evolution. Nature is characterized by both
structure and openness. The future cannot be predicted in detail from the
past, either in principle or in practice.
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3. Nature is understood to be relational, ecological, and interdependent.
Reality is constituted by events and relationships rather than by separate
substances or separate particles. In epistemology, classical realism now
appears untenable; some interpreters advocate instrumentalism, but I
have defended critical realism.
4. Reduction continues to be fruitful in the analysis of the separate
components of systems, but attention is also given to systems and
wholes themselves. Distinctive holistic concepts are used to explain the
higher-level activities of systems, from organisms to ecosystems.
5. There is a hierarchy of levels within every organism (but not an
extreme hierarchy of value among beings, as in the medieval view,
which could be used to justify the exploitation of one group of beings by
another). Mind/body dualism finds little support in science today. The
contemporary scientific outlook is less anthropocentric; human beings
have capacities not found elsewhere in nature, but they are products of
evolution and parts of an interdependent natural order. Other creatures
are valuable in themselves. Humanity is an integral part of nature. The
human being is a psychosomatic unity -- a biological organism but also
a responsible self.
6. Here we might propose as a summary the image of nature as a
community -- a historical community of interdependent beings. I will
suggest that process thought is particularly compatible with this iew of
nature.
II. Process Philosophy
Process philosophy has developed a systematic metaphysics that is
consistent with the evolutionary, many-leveled view of nature presented
in previous chapters and summarized above. We look first at
Whitehead’s basic metaphysical categories. The ways in which he
applies these categories to diverse entities in the world, from particles to
persons, are then examined. Finally, we will try to evaluate the adequacy
of process philosophy from the viewpoint of science, postponing the
theological issues until the subsequent section.
1. An Ecological Metaphysics
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Metaphysics is reflection on the most general characteristics of reality.
Whitehead tried to formulate an inclusive conceptual scheme that would
be sufficiently general to be applicable to all entities in the world. His
goal was a coherent set of concepts in terms of which every element of
experience could be systematically interpreted and organized. He
wanted to construct a system of ideas which bring aesthetic, moral and
religious interests into relation with those concepts of the world which
have their origin in natural science."2 The formulation of his basic
categories was an imaginative generalization from human experience,
but it was also indebted to twentieth-century science.3
1. The Primacy of Time. The starting point of process philosophy is
becoming rather than being. To Whitehead, transition and activity are
more fundamental than permanence and substance. He pictures the basic
components of reality as interrelated dynamic events. He rejects the
atomist’s view of reality as unchanging particles that are merely
externally rearranged. Whitehead was familiar with the new role of time
in science, especially the replacement of material particles by vibratory
patterns in quantum physics, and the unpredictable and historical
character of evolution. The future is to some extent open and
indeterminate; reality exhibits chance, creativity, and emergence.
Genuine alternative possibilities exist, that is, potentialities that may or
may not be actualized.
2. The Interconnection of Events. The world is a network of interactions.
Events are interdependent; every event has an essential reference to
other times and places. Every entity is initially constituted by its
relationships. Nothing exists except by participation. Each occurrence in
turn exerts an influence, which enters into the becoming of other
occurrences. Whitehead points again to the new physics. Formerly we
imagined independent, localized, self-contained particles bumping into
each other externally and passively without themselves undergoing
alteration. Today we talk about interpenetrating fields that extend
throughout space and change continually. The biological world is a web
of mutual dependencies. Whitehead extends these ideas into what may
be called "an ecological view of reality."4
3. Reality As Organic Process. The word process implies temporal
change and interconnected activity. Whitehead also calls his
metaphysics "the philosophy of organism." The basic analogy for
interpreting the world is not a machine but an organism, which is a
highly integrated and dynamic pattern of interdependent events. The
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parts contribute to and are also modified by the unified activity of the
whole. Each level of organization -- atom, molecule, cell, organ,
organism, community -- receives from and in turn influences the
patterns of activity at other levels. Every event occurs in a context,
which affects it. This may also be called a "social view of reality," for in
a society there is unity and interaction without loss of the individuality
of the members. The world is a community of events.
4. The Self-Creation of Every Entity. Although Whitehead emphasizes
the interdependence of events, he does not end with a monism in which
the parts are swallowed up in the whole. An event is not just the
intersection of lines of interaction; it is an entity in its own right with its
own individuality. He maintains a genuine pluralism in which every
entity is a unique synthesis of the influences upon it, a new unity formed
from an initial diversity. Every entity takes account of other events and
reacts and responds to them. During the moment when it is on its own, it
is free to appropriate and integrate its relationships in its own way. Each
entity is a center of spontaneity and self-creation, contributing
distinctively to the world. Whitehead wants us to look at the world from
the viewpoint of the entity itself, imagining it as an experiencing
subject.
Reality thus consists of an interacting network of individual moments of
experience. These integrated moments he calls "actual occasions" or
"actual entities." We can call them "entities" (emphasizing their
integration), or "events" (emphasizing their temporality), but we must
always keep in mind both their wider relationships and their interiority
as moments of experience.
Whitehead describes the self-creation of each new entity as an
individual instant of experience under the guidance of its "subjective
aim." Even the influence of the past on the present, which can be viewed
externally as efficient causality, can also be considered the action of the
present entity as a momentary subject conforming to the objectified past
and reproducing or reenacting its pattern. Each such subject has at least
a modicum of creative freedom in shaping the particular unity of
experience into which its past inheritance is woven and integrated.
During its brief existence it is autonomous, closed to any additional
data, and on its own in making something of itself -- even if its activity
essentially repeats that of its predecessors in a routine and "mechanical"
fashion.
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Efficient causality characterizes the transition between entities, while
final causality dominates the momentary internal growth of the entity
itself as it progressively actualizes its own synthesis, embodying a
particular pattern of forms. The prototype of this process would be the
way in which memory, feeling, bodily data, and sensory data are
integrated actively, selectively, and with anticipation, in a moment of
human experience. But a similar synthesis, in much simpler forms, can
be postulated for the experience of any unified entity, though not for
inanimate objects such as stones or aggregates such as plants, which
lack a center of unified experience.
Summarizing Whitehead’s detailed discussion, we may say that
causality is a complex process in which many strands are interwoven.
(a) Every new entity is in part the product of efficient causation, which
refers to the influence of previous entities on it. Objective "data" from
the past are given to each present entity, to which it must conform, but it
can do so in alternative ways. (b) There is thus an element of selfcausation or self-creation, for an entity unifies its "data" in its own
manner from its unique perspective on the universe. Every entity
contributes something of its own in the way it appropriates its past,
relates itself to various possibilities, and produces a novel synthesis that
is not strictly deducible from the antecedents. (c) Thus a creative
selection occurs from among alternative potentialities in terms of goals
and aims, which is final causation. Causality thus includes many
influences, none of which is coercive or strictly deterministic. The
outcome is not predictable. In brief, every new occurrence can be looked
on as a present response (self-cause) to past entities (efficient cause) in
terms of potentialities grasped (final cause).
Whitehead ascribes the ordering of these potentialities to God. God as
the primordial ground of order structures ‘potential forms of
relationship before they are actualized. In this function God seems to be
an abstract and impersonal principle. But Whitehead’s God also has
specific purposes for the realization of maximum value, selecting
particular possibilities for particular entities. God is the ground of
novelty as well as of order, presenting new possibilities among which
alternatives are left open. God elicits the self-creation of individual
entities and thereby allows for novelty as well as structure. By valuing
particular potentialities to which creatures can respond, God influences
the world without determining it. God acts by being experienced by the
world, affecting the development of successive moments. But God never
determines the outcome of events or violates the self-creation of each
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being. Every entity is the joint product of past causes, divine purposes,
and the new entity’s own activity.
2. Diverse Levels of Experience
Whitehead wants his basic categories to apply to all entities, but he
proposes radical differences in the way these categories are exemplified
in entities at different levels. There are great differences in degree and in
the relative importance of the categories, which amount to differences in
kind, and yet there is a continuity in evolutionary history and in
ontological structure. There are no absolute lines of the sort which
dualists defend. In chapter 6 we talked about levels of analysis and
levels of organization and activity. A Whiteheadian scheme would also
have to consider levels of experience.
An electron, as understood in quantum physics, has an episodic,
transitory, and unpredictable character. On the other hand, an atom is
more stable and unified, acting as a whole vibratory pattern whose
component electrons cannot be distinguished. The atom essentially
repeats the same pattern, with negligible opportunity for novelty. It is
dominated by efficient causation, in which the influence of the past is
passed on with no significant modification. Inanimate objects such as
stones have no higher level of integration, and the indeterminacy of the
atoms simply averages out statistically. A stone has no unified activity
beyond the physical cohesion of the parts.5
A cell, by contrast, has considerable integration at a new level. It can act
as a unit with at least a rudimentary kind of responsiveness. There is an
opportunity for novelty, though it is minimal. If the cell is in a plant,
little overall organization or integration is present. There is some
coordination among plant cells, but plants have no higher center of
experience. But invertebrates have an elementary sentience as centers of
perception and action. The development of a nervous system made
possible a higher level of unification of experience, the evolutionary
function of which was to synthesize sensory data and coordinate
appropriate motor responses. We discussed earlier the new forms of
memory, learning, anticipation, and purposiveness in vertebrates.
Consciousness, like sentience, was selected and intensified because it
guided behavior that’ contributed to survival.
In human beings, the self is the highest level in which all of the lower
levels are integrated. The human self may hold conscious aims and
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consider distant goals. Final causation and novelty in individual and
cultural life predominate over genetic and biological determinants,
though the self is always dependent on lower-level structures. Symbolic
language, rational deliberation, creative imagination, and social
interaction go beyond anything previously possible. Humans enjoy a far
greater intensity and richness of experience than occurred previously.
In a complex organism, downward causation from higher to lower
levels can be present because, according to process philosophy, every
entity is what it is by virtue of its relationships. Reality consists of
interrelated events rather than unchanging particles. The atoms in a cell
behave differently from the atoms in a stone. The cells in a brain behave
differently from the cells in a plant. The sixteen cells in an animal
embryo soon after conception will normally produce different parts of
the animal; yet one of those cells alone, if separated from the others, will
produce a whole animal. Every entity is influenced by is participation in
a larger whole. Emergence arises in the modification of lower-level
constituents in a new context. But causal interaction between levels is
not total determination; there is some self-determination by entities at all
levels.
The process view of the mind/body relation is a version of what I called
a "multilevel theory." It can also be termed "nondualistic
interactionism."6 Process thinkers agree with dualists that interaction
Cakes place between the mind and the cells of the brain, but they reject
the dualists’ claim that this is an interaction between two totally
dissimilar entities. Between the mind and a brain cell there are enormous
differences in characteristics, but not the absolute dissimilarity that
makes interaction so difficult to imagine in dualism. Moreover, the
mind/body relation is only one example of the relation between levels,
not a problem unique to human and perhaps animal minds. The process
view has much in common with two-language theories or a parallelism
that takes mental and neural phenomena to be two aspects of the same
events. But unlike these views, it can refer to interaction, downward
causality, and the constraints that higher-level events exert on events at
lower levels. At higher levels there are new events and entities and not
just new relationships among lower-level events and entities.
Looking at diverse types of individuals, Whitehead attributes subjective
experience in progressively more attenuated forms to persons, animals,
lower organisms, and cells (and even, in principle, to atoms, though at
that level it is effectively negligible), but not to stones or plants or other
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aggregates. David Griffin proposes that this should be called panexperientialism rather than panpsychism, since for Whitehead mind and
consciousness are found only at higher levels.7 Consciousness occurs
only when there is a central nervous system. (Griffin suggests that
Whitehead’s technical concepts of a "physical pole" and a "mental pole"
in all entities might better have been called the "receptive" and "selfcreative" phases of experience, since the latter is present even when
there is no mind.8) Every entity is a subject for itself and becomes an
object for others. But only in higher life forms is the data from brain
cells integrated in the high-level stream of experience we call mind.
Consciousness and mind are thus radically new emergents in cosmic
history.
Whitehead thus does not attribute mind or mentality (as ordinarily
understood) to lower-level entities, but he does attribute at least
rudimentary forms of experience to unified entities at all levels, which
runs against the assumptions of many scientists. What are the reasons
for such attribution?
1. The Generality of Metaphysical Categories. In Whitehead’s view, a
basic metaphysical category must be universally applicable to all
entities. The diversity among the characteristics of entities must be
accounted for by the diversity of the modes in which these basic
categories are exemplified and by differences in their relative
importance. The subjective aspects of atoms are vanishingly small and
may for all practical purposes be considered absent, but they are
postulated for the sake of metaphysical consistency and inclusiveness.
Mechanical interactions can be viewed as very low-grade organismic
events (since organisms always have mechanical features), whereas no
extrapolation of mechanical concepts can yield the concepts needed to
describe subjective experience. Starting with mechanical concepts, one
either ends with materialism or one has to introduce a dualistic
discontinuity.
2. Evolutionary and Ontological Continuity. There are no sharp lines
between an amoeba and a human being, either in evolutionary history or
among forms of life today. The universe is continuous and interrelated.
Process thought is opposed to all forms of dualism: living and nonliving,
human and non-human, mind and matter. Human experience is part of
the order of nature. Mental events are a product of the evolutionary
process and hence an important clue to the nature of reality. A single
fertilized cell gradually develops into a human being with the capacity
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for thought. We cannot get mind from matter, either in evolutionary
history or in embryological development, unless there are some
intermediate stages or levels in between, and unless mind and matter
share at least some characteristics in common.
3. Immediate Access to Human Experience. I know myself as an
experiencing subject. Human experience, as an extreme case of an event
in nature, is taken to exhibit the generic features of all events. We
should then consider an organism as a center of experience, even though
that interiority is not directly accessible to us. In order to give a unified
account of the world, Whitehead employs categories (such as "selfcreation" and "subjective aim") that in very attenuated forms can be said
to characterize lower-level events, but that at the same time have at least
some analogy to our awareness as experiencing subjects. Such a
procedure might be defended on the ground that if we want to use a
single set of categories, we should treat lower levels as simpler cases of
complex experience, rather than trying to interpret our experience by
concepts derived from the inanimate world or resorting to some form of
dualism.
Whitehead’s categories are readily applicable to organisms with a
middle range of complexity. Even for simpler organisms it is reasonable
to speak of elementary forms of perception, memory, sentience,
anticipation, purpose, and novelty. The distinctiveness of higher forms
is maintained by treating consciousness, mind, and self-consciousness as
irreducible emergents, which are not present in even rudimentary form
at lower levels. But Whitehead’s analysis seems somewhat strained at
the two ends of the spectrum.
At the upper end, his categories seem to me inadequate to express the
continuing identity of the human self Whitehead holds that every actual
entity is a discrete moment of experience, which in its self-creative
phase is on its own, cut off from the world. Here Whitehead was
influenced by quantum physics, in which interactions are discrete and
transitory. He was also influenced by relativity, in which a finite time
interval is required for the transmission of any effect form one point to
another. In process thought, endurance is represented by the repetition of
a pattern, not by an enduring substance. For Whitehead, the self comes
into being only at the end of the brief moment of unification, by which
time it is already perishing. I would question whether human experience
has such a fragmentary and episodic character. Perhaps reality at higher
levels is more like a continually flowing process, from which temporal
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moments are abstractions. This might allow for a continuing selfidentity without reverting to static or substantive or dualistic categories.9
In dealing with the inanimate world, the Whiteheadian analysis does not
present any direct inconsistency with contemporary science. Creativity
is said to be either totally absent (in the case of stones and inanimate
objects, which are aggregates without integration or unified experience)
or so attenuated that it would escape detection (in the case of atoms). A
vanishingly small novelty and self-determination in atoms is postulated
only for the sake of metaphysical consistency and continuity. But does
process philosophy allow adequately for the radical diversity among
levels of activity in the world and the emergence of genuine novelty at
all stages of evolutionary history? Could greater emphasis be given to
emergence and the contrasts between events at various levels, while
preserving the basic postulate of metaphysical continuity? I have
stressed the hierarchical character of a multiplicity of levels in
organisms and persons, whereas many process writers refer to only two
levels at a time (the mind and the cells of the brain, for example, without
reference to intermediate levels of organization). Other authors have
said that intermediate levels of organization in an organism can be
included in the framework of process philosophy.10 I believe that the
Whiteheadian system could be modified in such directions without
endangering its coherence.
3. Science and Metaphysics
There is in general a two-way relationship between science and
metaphysics. In the first direction, science is one of the fields of inquiry
from which metaphysics must draw. A metaphysical system must offer a
plausible interpretation of the natural sciences, along with the data of
other academic disciplines (psychology, history, religion, and so forth)
and diverse types of human experience. In the reverse direction,
metaphysical assumptions will, over a period of time, affect the kinds of
phenomena that scientists study and the kinds of concepts they employ.
Metaphysics will influence the broad conceptual frameworks that we
earlier referred to as scientific paradigms.
There are many features of contemporary science with which process
metaphysics is very congenial. Temporality, indeterminacy, and holism
are characteristics of the microworld as understood by contemporary
physics, a world that can be known only through observational
interaction. Process thought rejects determinism, allows for alternative
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potentialities, and accepts the presence of chance as well as lawful
relationships among events. In biology, especially in molecular biology,
reductionistic and mechanistic approaches remain fruitful, but I have
argued that there are irreducible properties of higher-level wholes, as
process philosophy asserts. We have seen that information is contextual
in character, whether it is transmitted by genes, by memory in brains, by
symbolic language, or by cultural artifacts and institutions. Information
is an improbable configuration, which is a message only when it is read
off in relation to a wider context.
Process thought shares with evolutionary biology the assumption of
historical continuity, including the continuity of non-human and human
life. The process understanding of the psychosomatic unity of the human
being and the social character of selfhood is consonant with the
evidence from many fields of science. Process thought shares with
ecology the themes of relationality and mutual interdependence. To
both, nature is a community and not a machine.
Process categories can make an important contribution to environmental
ethics. Human and non-human life are not separated by any absolute
line. If other creatures are centers of experience, they too are of intrinsic
value and not just of instrumental value to humanity. Yet there is a great
difference between the richness of experience of a person and that of a
mosquito, so they are not of equal intrinsic value. Another process
theme with environmental implications is the idea of interdependence.
Moreover, process thought leads to an emphasis on divine immanence in
nature rather than the traditional emphasis on transcendence; this also
encourages respect for nature. These issues in environmental ethics are
taken up in the subsequent volume.
Strong parallels exist between systems theory and process philosophy.
Whitehead’s thought may be compared with Ludwig von Bertalanffy’s
general systems theory and Ervin Laszlo’s systems philosophy. 11 A
common theme is hierarchical ordering of levels of organization. The
context and the larger whole constrain the parts. Wholes possess a
degree of autonomy, especially at higher levels; freedom increases with
complexity and organization. In systems theory, information is contextdependent and expresses a limitation of possibilities. James Huchingson
suggests that a Whiteheadian "actual entity" is like an information
processing system selecting from among possibilities. Moreover, he
proposes, we could think of God and the world as a coupled system with
rich feedback loops. It is an open system, not a predetermined order.
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Cybernetics leads to flexible, provisional action and continual relevant
adjustment, not the effecting of a detailed preset plan.12 These all seem
to me to be legitimate parallels, providing that we acknowledge the
importance of feelings and purposes as well as conceptual information
in process thought. Systems theory has had only limited success in
representing the personal characteristics of human life.
Several questions might be raised about process thought in relation to
science. Is the subjective experience of an entity, which is postulated in
process metaphysics, accessible to scientific investigation? Does not
science have to start from objective data, excluding anything subjective
in the object of inquiry? Whitehead sometimes stresses the selectivity of
science and the abstractive character of its concepts. It is "the fallacy of
misplaced concreteness" to take scientific concepts as an exhaustive
description of the real world. "Science can find no individual enjoyment
in nature; science can find no aim in nature; science can find no
creativity in nature; it finds mere rules of succession. These negations
are true of natural science; they are inherent in its methodology." 13 On
this reading, we must accept the limitations of science and supplement it
by including it in a wider metaphysical synthesis, which integrates
diverse kinds of experience. This would also limit the contribution that
process metaphysics might make to science.
Griffin has pointed out other passages in which Whitehead says that
more adequate metaphysical categories are in the interest of science
itself and that scientific concepts are reformable.14 Griffin suggests that
if every entity is for itself a moment of experience, one would expect
this to be reflected in observable behavior. We have noted the
inadequacy of psychological behaviorism, which tries to avoid all
reference to mental events. Ethnologists use explanatory concepts
referring to the mental life of animals. In an earlier chapter we noted that
a group of organisms may first adopt a novel and adaptive pattern of
behavior; at a later time, mutations that facilitate this behavior may be
selected. In such a case, the initiative and creativity of the organisms,
rather than a random mutation, was the primary factor in initiating an
evolutionary change. As we consider lower levels, how can we draw a
sharp line at any point? Conversely, scientists adopting a process
metaphysics might sometimes redirect research to problems formerly
neglected and might propose new concepts and hypotheses to be tested
against observations.
Scientists have been understandably wary of concepts of purpose. The
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idea of divine purpose in nature, especially the assumption of a precise
design or plan, has sometimes cut short the search for natural causes.
Reference to the purposes held by natural agents has at times hindered
the progress of science. Aristotle, for example, said that falling bodies
seek their natural resting place and that an oak seed seeks to become an
oak. But process thinkers avoid these pitfalls. They hold that the
behavior of inanimate objects can be explained entirely by efficient
causation. They do argue that concepts of anticipation and purposeful
behavior can in attenuated form be extended far down the scale of life,
but this does not exclude the presence of efficient causes. The resistance
of some biologists to any reference to purposes may be partly a legacy
of atomistic and materialistic assumptions of the past. There are, to be
sure, dangers in the anthropomorphic extension of human qualities to
the non-human sphere, but there are also dangers in "mechanomorphic"
attempts to explain everything with the concepts of physics and
chemistry. On balance, then, process philosophy seems to be a
promising attempt to provide a coherent system of concepts for
interpreting a wide variety of phenomena in the world.
III. Process Theology
In looking at the theological significance of process thought we must
first consider the writings of its most influential exponents, Whitehead
and Hartshorne. We will then consider some Christian theologians who
have explicitly used process categories. Last, we will examine the
treatment of the problem of evil and suffering by process theologians.
1. The Role of God
In Whitehead’s metaphysics, God has a threefold role in the unfolding
of every event. 15 First, God is the primordial ground of order. God
envisages the potential forms of relationships that are not chaotic but
orderly, even before they are actualized. This aspect of God is an answer
to the question Why does the world have the particular type of order it
has rather than some other type? This function of God seems to be
automatic, passive, and unchanging; God would only be an abstract
metaphysical principle, the impersonal structure of the world, "the
inevitable ordering of things conceptually realized in the nature of God."
But Whitehead’s God selects possibilities for the "initial subjective
aims" of particular entities. Such relevance presupposes God’s
knowledge of and responsiveness to the world.
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Second, God is the ground of novelty. Here the question is, Why do new
kinds of things come into existence (in evolutionary history, for
instance) rather than merely repeat the patterns of their predecessors?
"Apart from God," Whitehead writes, "there would be nothing new in
the world, and no order in the world." 16 God presents novel
possibilities, but there are many of these, so alternatives are left open.
God elicits the self-creation of individual entities and thus allows for
freedom as well as structure and directionality. By valuing particular
potentialities to which creatures respond, God influences the world
without determining it. New possibilities are open even for inanimate
atoms, as their evolution into animate beings has disclosed. On the level
of humanity, God’s influence is the lure of ideals to be actualized, the
persuasive vision of the good. God’s goal is the harmonious
achievement of value.
A third characteristic is that God is influenced by events in the world
(Whitehead calls this "the consequent nature of God"). The central
categories of process philosophy (temporality, interaction, mutual
relatedness) apply also to God. God is temporal in the sense that the
divine experience changes in receiving from the world and contributing
to it. God’s purposes and character are eternal, but God’s knowledge of
events changes as those events occur. God influences the creatures by
being part of the data to which they respond. God is supremely sensitive
to the world, supplementing its accomplishments by seeing them in
relation to the infinite resources of potential forms and reflecting back to
the world a specific and relevant influence. Whitehead occasionally uses
personal images as well as more abstract principles to portray this
action:
But the principle of universal relativity is not to be stopped at the
consequent nature of God. This nature itself passes into the
temporal world according to its gradation of relevance to the
various concrescent occasions. . . . For the perfected actuality
passes back into the temporal world, and qualifies this world so
that each temporal actuality includes it as an immediate fact of
relevant experience. For the kingdom of heaven is with us today.
The action of the fourth phase is the love of God for the world. It
is the particular providence for particular occasions. What is
done in the world is transformed into a reality in heaven, and the
reality in heaven passes back into the world. By reason of this
reciprocal relation, the love in the world passes into the love in
heaven, and floods back again into the world. In this sense, God
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is the great companion -- the fellow-sufferer who understands. 17
Charles Hartshorne was strongly influenced by Whitehead, but he uses a
more familiar terminology and occasionally differs in emphasis. He
maintains that classical Christianity attributed a one-sided perfection to
God in exalting permanence over change, being over becoming, eternity
over temporality, necessity over contingency, self-sufficiency over
relatedness. He advocates dipolar theism, the view that God is both
eternal and temporal (but in differing ways, so there is no contradiction
in asserting both). God is eternal in character and purpose but changing
in the content of experience. God’s essential nature is not dependent on
any particular world. God will always exist and be perfect in love,
goodness, and wisdom. God is omniscient in knowing all reality -though not the future, which is undecided and hence inherently
unknowable. Even aspects of the divine that change have a perfection of
their own. God is not merely influenced by the world; God is "infinitely
sensitive" and "ideally responsive." Divine love is supremely
sympathetic participation in the world process. 18
As compared to traditional theologians, Hartshorne does indeed qualify
God’s sovereignty over nature. God participates in the self-creation of
other beings, but they have effective power too. Yet God is adequate to
all needs, including the need of the creatures to make their own
decisions. God does all that it would be good for God to do, but not all
that it would be good for us in our freedom to do. God has power
sufficient to influence the universe in the best way consistent with the
divine purposes. The risks of evil might have been reduced by
eliminating freedom, but positive opportunities for creative value would
have been lost. God accepts the risks that are inescapably linked to the
opportunities. Hartshorne holds that the world is in God (panentheism),
a view that neither identifies God with the world (pantheism) nor
separates God from the world (theism). "God includes the world but is
more than the world."19 In the next chapter we will look at Hartshorne’s
analogy of the world as God’s body.
2. God’s Action in the World
Between God and the world there is interdependence and reciprocity,
according to Whitehead, but the relationship is not symmetrical. God is
affected by the world, but God alone is everlasting and does not perish.
‘Though not self-sufficient or impassible, God is not totally within the
temporal order, and God’s basic purposes are unchanging. Divine
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immanence is thus more strongly emphasized than transcendence, yet
God’s freedom and relative independence are defended, along with
priority in status. For nothing comes into being apart from God. Within
the cosmic community, God has a unique and direct relationship to each
member. God is omnipresent, a universal influence, one who
experiences all actualities and preserves their achievements eternally.20
Whitehead portrays God’s activity as more akin to persuasion than to
compulsion. God does not determine the outcome of events or violate
the self-creation of all beings. God is never the sole cause of an event
but is one influence among others. Divine love, like love between
human beings, is a significant influence which is causally effective,
making a difference in the activity of other beings but not sacrificing
their freedom. The power of love consists in its ability to evoke a
response while yet respecting the integrity of the other. Thus causality
within interpersonal relationships, rather than mechanical force, seems
to provide the basic analogy for God’s relation to the world. Whitehead
strongly rejects the coercive element he finds in traditional theism. The
rejection appears to be partly based on moral grounds (coercion is on a
lower ethical plane than persuasion) and partly on metaphysical grounds
(divine determination is incompatible with creaturely freedom).
For Whitehead, God’s action is the evocation of response. Since human
capacity for response far exceeds that of other beings, it is in human life
that God’s influence can be most effective. God’s ability to engender
creative change in lower beings seems to be limited. God is always one
factor among others, and particularly with respect to low-level beings, in
which experience is rudimentary and creativity is minimal, this power
seems to be negligible. Insofar as natural agents exercise causal efficacy,
God’s ability to compel change is thereby restricted. But we must
remember that God is not absent from events that monotonously repeat
their past, for God is the ground of order as well as novelty. At low
levels, God’s novel action may be beyond detection, though signs of it
may be present in the long sweep of cosmic history and emergent
evolution. Even in contributing to novelty, God always acts along with
other causes. The Whiteheadian analysis allows for the actions of a
multiplicity of agents.
Whitehead modifies the traditional view of God as creator, but he does
not totally repudiate it. He disavows creation out of nothing in an act of
absolute origination but offers a version of continuous creation. No
entity comes into being apart from God, and no materials are given to
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God from some other source. "He is not before all creation but with all
creation."21 Whitehead suggests that there may have been many cosmic
epochs with differing forms of order. God always acts along with other
causes, and yet everything depends on God for its existence. God
provides all initial aims, and "in this sense he can be termed the creator
of each temporal actual entity."22 God evokes new subjects into being
and preserves their achievements and is thus both the source and
conserver of all finite values. While creativity is universally present in
the self-creation of every entity, God is the primary instance of
creativity and is active in all its instances.
In Whitehead’s view, God has priority of status over all else, though not
absolute temporal priority. God was never without a universe, and in
every moment there is given to God a world that has to some extent
determined itself. But this does not represent an ultimate dualism; this is
not Plato’s God struggling to impose form on recalcitrant matter.
Whitehead attributes to God the all-decisive role in the creation of each
new occasion, namely provision of its initial aim. Every occasion is
dependent on God for its existence as well as for the order of
possibilities it can actualize.
Does the role of God in process thought conflict with the assumptions of
science? In the past, God has been invoked to explain a variety of
phenomena for which no scientific explanation was available. "The God
of the gaps" has, of course, been a losing proposition, as one gap after
another was filled by new scientific advances. In the Whiteheadian
view, however, God does not intervene at discrete points but is present
in all events in a role different from that of natural causes. God is the
source of order and novelty, an answer to a different sort of question
than the questions that science answers. We can speak of God acting,
but God always acts with and through other entities rather than by acting
alone as a substitute for their actions.
Whereas some theologians identify God’s role with order, and others
with violations of order, for Whitehead God is involved in both order
and novelty. Order arises from God’s structuring of possibilities and
from the entity’s conformation to its past. Novelty arises from God’s
offering of alternative possibilities and from the entity’s self-creation.
This means that no event can be attributed solely to God. God’s role in
the world is not readily detectable. The process theologian Daniel
Williams writes,
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God’s causality is exercised in, through, and with all other causes
operating. There is no demand here to factor out what God is
adding to the stream of events apart from those events. But there
is the assignment of specific functions to God’s causality. . . .
Every "act of God" is presented to us in, through, and with the
complex of human nature and life in which we are. When we say
God elected Israel, or that he sends his rain on the just and the
unjust, we must not ignore the complex analysis of assignable
causes and factors in Israel’s history or in the cosmic record of
rainfall. We have no way of extricating the acts of God from their
involvement in the activities of the world. To assign any
particular historical event to God’s specific action in the world is
to risk ultimate judgment on our assertions. Faith leads us to take
the risk.23
At lower levels, especially in the inanimate world, God’s action is
almost entirely confined to the maintenance of the order whose
regularities are precisely those studied by the scientist. God’s purpose
for low-level beings is that they be orderly; God’s gift is the
structuredness of the possibilities they exemplify. At lower levels, where
law predominates over creativity and efficient causes are more
important than final causes, God’s novel action is beyond detection.
Moreover, even when there is novelty at higher levels, God always acts
along with other causes, qualifying but not abrogating their operation.
This seems to limit God’s power severely, as compared to traditional
ideas of omnipotence. But it is consistent with our understanding of
evolution as a long, slow, gradual process over billions of years. Each
stage is built on previous stages and supports the next stage. Complex
forms presuppose simple ones. Life had to await appropriate conditions.
Cosmic history resembles a long trial-and-error experiment more than a
detailed predetermined plan. Process thought holds that God works
patiently, gently, and unobtrusively.
If God does not act unilaterally but only through the responses of other
beings, we would expect the divine influence to be more effective at
higher levels where creativity and purposeful goals are more prominent.
It is not surprising that the rate of evolutionary change accelerated in
early human and then cultural history. In human life, in religious
experience, and in the rise of the major religious traditions -- especially
in the biblical tradition and the person of Christ -- God’s influence and
human response could occur in unprecedented ways. The Whiteheadian
understanding of God, in short, is consistent with what we know about
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biological and human history. But is it consistent with the biblical
tradition?
3. Christian Process Theology
Whitehead and Hartshorne were primarily philosophers, though both
were influenced by Christian ideas. A number of theologians have used
process categories in reformulating specifically Christian beliefs in the
contemporary world. Cobb and Griffin express the dipolar character of
process theism by speaking of God as creative-responsive love. God as
creative is the primordial source of order and novelty, which can be
identified with the biblical concept of logos as rational principle and
divine Word. God as responsive is temporal and affected by the world.
These qualities are particularly evident in the message and life of Christ
and in the idea of the Holy Spirit as God’s presence in nature and in the
community.24
The process view does allow for particular divine initiatives. If God
supplies distinctive initial aims to each new entity, no event is wholly an
act of God, but every event is an act of God to some extent. There is
thus a structural similarity between God’s actions in non-human and
human life, but there are also important differences. God’s basic modus
operandi is the same throughout, but the consequences will vary widely
between levels of being.
In the human sphere, God builds on the past, including existing cultural
traditions, and depends on the free responses of individuals and
communities. God loves all equally, yet that love may be revealed more
decisively in one tradition or person than another. God calls all, but
people respond in diverse ways. Some experiences of God’s grace may
be felt with exceptional power, and an individual may have an unusual
commitment to the fulfillment of God’s will. In process theology we can
discuss God’s action in nature, in religious experience, and in Christ,
using a common set of concepts while recognizing the distinctive
features of each. Continuing creation and redemption are brought within
a single framework.
Cobb and Griffin can thus speak of Christ as God’s supreme act. In
Israel there was already a tradition of divine initiative and human
response, which could be carried further. Christ’s message and life were
rooted in this past and in God’s new aims for him, and he powerfully
expressed God’s purposes and love. Christ can be taken as incarnation
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of the logos, the universal source of order, novelty, and creative
transformation wherever they occur. In Christ we see a specific and
crucial instance of a more general divine action. But Christ’s free
decision and faithful response were also needed to actualize God’s aims
for him, so the full humanity of Christ was not compromised. Here the
character of God as persuasive and vulnerable love is evident. Christ
was subject to the same conditions and limitations as were other persons
but was unique in the content of God’s aims for him and in his
actualization of those aims. This was not a discontinuous and coercive
intrusion from outside, but the decisive instance of God’s creative
presence throughout the world; he is thus our clue to that wider
presence. If we see Christ’s life and his vision of God as revealing the
nature of reality, we can be open to the power of creative transformation
in our own lives.25
Here the importance of revelation in history is evident. Lewis Ford
points out that in the process view God’s action in the world is
contingent on what happens in the world. If God has interacted
historically, we can learn about this only from the particularities of
history and not from the general structures of reality, which metaphysics
studies.26 Because historical events are unique and unpredictable, they
cannot be deduced from universal principles, as we saw in chapter 3.
But the particular work of God as redeemer must be consistent with the
broader work of God as creator. As Paul Sponheim puts it, our
metaphysics must "provide structural possibilities for the illumination of
God’s particular activity."27
I submit that it is in the biblical idea of the Spirit that we find the closest
parallels to the process understanding of God’s presence in the world
and in Christ. We have seen that in the Bible the Spirit was associated
with the initial creation and with the continuing creation of the
creatures: "When thou sendest forth thy Spirit, they are created." The
Spirit inspires the prophets (for example, Isa. 42:1) and is present in
worship and prayer: "Take not thy holy Spirit from me" (Ps. 51:11).
Christ received the Spirit at his baptism (Mark 1:10), and the early
community received it at Pentecost (Acts 2). In the previous chapter, I
cited Lampe’s argument for understanding Christ as inspired by the
Spirit. This would allow us to acknowledge God’s particular activity in
Christ within the context of God’s activity in nature, in religious
experience, and in other religious traditions. In each case grace operates
through and within natural structures rather than by replacing or
superseding them.
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Let us look at some implications of process theology for religious life.
Marjorie Suchocki has used process categories to understand and
express the Christian experience of sin and redemption. After setting
forth a social and relational view of reality, she defines sin as the
violation of relationships. It is an absolutizing of the self and a denial of
interdependence. Sin is experienced, not only in individual alienation
from God and other people, but also in social structures of injustice and
exploitation. Suchocki holds that redemption is release from the prison
of the detached self. God’s love is also a judgment on the structures that
isolate us from each other. In Christ’s life, God’s love was embodied
and expressed. In him we see at work a transformative power stronger
than death, a power that can bring reconciliation into our lives.28
In the process framework, the goal of prayer is openness and
responsiveness to the divine call. It involves conforming one’s decisions
to the possibilities offered by God, or, in traditional terms, "doing the
will of God." God’s will here is the achievement of value and harmony
among all beings, the realization of inclusive love. Such love may
sometimes be identified with traditional teachings and church
authorities, but it may sometimes require us to question these teachings
and authorities. The Spirit leads us in unexpected ways in healing our
brokenness as individuals and as a society. Prayer can also be an
occasion of wonder and gratitude for life as a gift and a time of selfexamination and confession of our failure to respond to the call of
inclusive love.29
The Jewish existentialist Martin Buber urges us to look on our lives as a
dialogue with God in which we respond with our actions. In every event
we are addressed by God. This does not mean that everything that
happens is God’s will or is a result of God’s action alone. But we can
ask ourselves what God might be saying to us in every event. Our
response occurs in "the speech of our lives" and not just in our words.
Buber seeks the sanctification of everyday life, through which we are in
dialogue with the Eternal Thou.30 It seems to me that this theme in
Buber’s writing is consistent with the process understanding of living in
God’s presence.
A significant contribution of process thought is a concept of responsible
selfhood, which avoids a soul/body dualism. The previous chapter
referred to the spirit/matter and soul/body dualisms in medieval
Christianity, which seem to have been more indebted to Greek than to
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biblical sources. The Christian tradition has too often encouraged a
negative asceticism, an alienation from the body, and a concern only for
the salvation of the soul. More recently, many people in Western culture
have reacted against the repression of the body and have sought an
uncontrolled sensuality. The process view avoids both these extremes. It
acknowledges our embodiment and asserts that bodily events enter into
each moment of experience. Process writers encourage respect for the
body but also assert human freedom, self-determination, and the power
of personal and social goals beyond bodily gratification. Responsible
selfhood is a holistic concept that includes but transcends the body.
Process thought makes common cause with feminism in rejecting the
dualisms that have led to hierarchical domination. Feminists have
pointed to the links between three forms of dualism: man/woman,
mind/body, and humanity/nature. The first term of each pair has in the
past been assumed to be superior to the second. The three dualisms
support each other because the first terms (man, mind, humanity) have
been associated together, as are the second set of terms (woman, body,
nature). Feminists usually agree with process thinkers, not only in
rejecting these dualisms, but in replacing them with a holistic
relationality and an inclusive mutuality. They also agree in insisting on
openness and creativity in human self-determination and in seeking
freedom from the hierarchical roles of the past. Feminists bring an active
commitment to social change and human liberation, which may be more
influential than the abstract writings of some process theologians.51
Feminists and process writers also agree in criticizing the patriarchal
and monarchical view of God expressed in traditional ideas of
omnipotence. Feminists value the caring and nurturing aspects of both
human nature and the divine. Whitehead explicitly rejected the image of
God as an imperial ruler and spoke of God’s "tender care that nothing be
lost" and "the Galilean vision of humility." God’s consequent nature is
receptive and empathetic as well as active. One reason for developing a
theology of the Holy Spirit today is that the Spirit has few associations
with masculine imagery. Process thought thus has important
implications for both theological formulation and religious life.
4. The Problem of Evil and Suffering
The problem of evil and suffering is so important theologically that we
should consider alternative responses to it before looking at the
distinctive position of process theologians. The classical question of
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theodicy is, Why would an all-good and all-powerful God allow
widespread evil and suffering? We have seen that pain, conflict, and
death are pervasive in evolutionary history and in non-human nature
today. Suffering, violence, and tragic evil have been present throughout
human history. The suffering of innocent children is a particular
challenge to religious faith, as seen in several poignant scenes in modern
literature. Ivan in Dostoevski’s Brothers Karamazov, Elie Wiesel in his
autobiographical novel Night, and Dr. Rieux in Camus’s The Plague all
protest the agonizing death of an innocent child. Father Paneloux says to
Rieux, "Perhaps we should love what we cannot understand," and Rieux
replies, "No, Father. I’ve a very different idea of love. And until my
dying day I shall refuse to love a scheme of things in which children are
put to torture."32 The death of six million Jews in Nazi extermination
camps presents the starkest example of unmitigated evil and suffering,
and it challenges the ideas of God’s justice and providential care, which
both the Jewish and Christian traditions have held.
The problem does not arise in Buddhism or Hinduism, for in those
traditions all suffering is deserved. According to the impersonal law of
karma, all souls are reborn (reincarnated) in human or animal forms
according to their just deserts. Any suffering in this life is merited by
actions in previous lives. There is no purposeful creator God on whom
our suffering might be blamed. Moreover, in Hinduism suffering
belongs to the phenomenal world of maya (illusion), which is not
ultimately real. Suffering can be escaped when we realize the identity of
the soul (atman) with the all-inclusive One (Brahman). In Buddhism,
suffering is a product of our egocentric attachments and desires, and it is
overcome in nonattachment and the dissolution of the self that occurs in
enlightenment.33
The most influential Christian position was formulated by Augustine,
who held that all evil and suffering are the consequences of human sin in
Adam and his successors. Sin is misused freedom and cannot be blamed
on God. Nature and humanity were created perfect but were corrupted
by Adam’s fall, through which death and disharmony entered the world.
Human suffering is not unjust, according to Augustine, for we all
deserve punishment for sin, even if some are by God’s grace spared
such punishment. Moreover, the righteous will be rewarded and the
wicked punished in a future life, vindicating God’s justice in the long
run. Similar views can be found earlier in the writings of Paul and later
(with some variations) in Aquinas, Luther, Calvin, and other classical
theologians. I have suggested, however, that neither a primeval state of
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perfection nor a historical fall are credible today. I argued that the story
of Adam should be taken as a symbolic statement of the estrangement of
each of us from God, neighbor, self, and nature. Death and suffering
were inescapable features of an evolutionary process long before the
appearance of humanity.
Some theodicies minimize the reality of evil by interpreting it as a
discipline or a test of faith. Evil would then be a temporary means to
good ends. "Everything works for good for those who love God." Other
writers defend the reality of evil and the omnipotence of God, and they
end by compromising the goodness of God. If everything that happens is
God’s will, then God is responsible for evil. In a more sophisticated
version, if God is the source of all that is, then evil as well as good must
in some sense be present in God. Hegel, Berdyaev, and Tillich are
among the authors who have spoken of positivity and negativity within
the Godhead. Still others have asserted all three components of the
classical theodicy problem and have concluded that there is no rational
solution. It is a mystery that we do not understand but that we should
accept in faith and submission to God.
Most Christian theodicies have continued to defend God’s goodness and
the reality of evil but have in some way qualified God’s power. The
most extreme limitation of God’s power would be the existence of a
cosmic principle of evil. Zoroastrianism and Manichaeism, for example,
pictured a cosmic struggle between the forces of light and the forces of
darkness, but the church fathers rejected such an ultimate dualism.
(Satan was said to be a fallen angel who is no permanent threat to God.)
Many modern Christian theodicies have asserted God’s voluntary selflimitation in order to effect three goals:
1. Human Freedom. Augustine said that sin in Adam and his successors
was freely chosen. However, human freedom is difficult to reconcile
with Augustinian ideas of original sin and predestination. Later
interpreters held that freedom requires a genuine choice of good or evil,
and therefore God had to allow the possibility that individuals would
choose evil. In a world of mutual interdependence, those choices could
hurt other individuals (even on the scale of the Holocaust). But could
God not have created beings who were free to sin but would never do
so? No, according to the "free-will defense," for virtues come into being
only in the moral struggle of real decisions, not ready-made by divine
fiat. Further, God wants our free response of love, not actions to which
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we have no alternatives.34
2. Laws of Nature. There must be dependable regularities in the world if
we are to make responsible decisions about the consequences of our
actions. An orderly world reflects God’s rationality and dependability.
Moreover, the growth of human knowledge would be impossible
without the existence of such regularities. Neither moral character nor
scientific knowledge would be possible if God intervened frequently to
save us from suffering. Earthquake disasters and cancer are products of
such natural laws, not the result of divine punishment. Animal pain was
an inescapable concomitant of increased sentience, and it facilitated the
avoidance of danger, which contributed to evolutionary survival.
3. Moral Growth. Suffering often has an educational value. The trials of
ancient Israel were seen as "the furnace of affliction" in which, as with a
precious metal, refinement could occur. Paul said that "suffering
produces endurance, and endurance produces character, and character
produces hope" (Rom. 5:3). Sometimes undeserved suffering can have a
redemptive effect on others, as in the suffering servant passages of
Isaiah and the Christian understanding of the cross. More generally,
moral courage would be impossible without danger, temptation, and
struggle. The suffering of others also calls forth our sympathy and love.
John Hick has developed this idea of moral growth. He traces his view
back to Irenaeus in the second century, who said that humanity was not
created perfect but imperfect with an opportunity for moral
development. Irenaeus held that perfection could lie only in the future,
not in the past. Hick sees this as consistent with an evolutionary view in
which animal instinct develops into early human aggression and then
into greater human maturity, moral insight, and capacity for love. The
world is a place of "soul-making," an appropriate environment for moral
action. In a pain-free world our decisions would have no harmful
consequences. Moral virtues have to be acquired in the long hard
struggle of life. Only in a world of challenge and response can the
higher potentialities of personality be realized. Hick recognizes that
growth is not completed in this life, and he holds that it will continue in
the afterlife. In the end, all people will be won over by the infinite love
of God. A limitless good beyond this world is adequate justification for
the painful process of preparing for it.35
Hick’s view qualifies God’s power in practice but not in principle.
God’s power is infinite, but it is voluntarily self-limited for the sake of
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human growth. Hick’s theodicy deals only with human suffering and
says nothing about subhuman pain or the waste of billions of years
preparing for humanity. Could these not have been avoided, if God is
omnipotent? Again, does moral growth require the intensity and
pervasiveness of evil and suffering we see around us? Some people may
be strengthened by suffering, but others are broken and embittered by it.
The world may be a moral gymnasium or a school for character, but
some people seem to have little chance of succeeding in it. Hick has
minimized the destructiveness of evil to justify its presence. He also has
to invoke the afterlife to justify the injustices in this life.
Process theologians share many of Hick’s ideas but go further in the
limitation of God’s power. Griffin rejects creation ex nihilo and speaks
of the continuing creation of order out of chaos. Evolution is a long,
slow, step-by-step process. Inescapable struggle and conflict have taken
place because there has always been a multiplicity of beings with at least
some power of their own. There were also inescapable correlations in
evolutionary advance. With greater intensity of experience came a
greater capacity for enjoyment, but at the same time a greater capacity
for suffering. Greater power of self-determination goes hand-in-hand
with greater power to be affected by others. Interdependence allows us
to benefit from others but also to be harmed by them. These are
metaphysically necessary correlations, which would obtain in any world.
Even God could not escape them, though these are principles that belong
to the divine essence and are not external conditions imposed on God.36
Griffin maintains that in relation to low-grade entities God’s influence is
very limited, and changes occur only over a long period of evolutionary
history. God cannot stop the bullet speeding toward your head, because
a bullet is an aggregate and not a unified occasion of experience
susceptible to God’s persuasion. Human beings can change more
rapidly, but they can also deviate more dramatically from God’s aims.
Griffin argues that God is not morally blameworthy or directly
responsible for particular evils, which arise from the powers of the
creatures. The world never fully embodies God’s will, which is for the
good alone. But there is no ultimate dualism. Evil and suffering could
have keen avoided only by refraining from creating, which is contrary to
the divine nature; in that sense, God is ultimately responsible for evil.
The positive opportunities, however, were worth the risks that went with
them.
Process thought can contribute not only to the theoretical explanation of
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the existence of suffering but also to the practical question of how we
respond to it. One theme in traditional Christian thought is that God
shares in our suffering and stands with us in it. One meaning of the
cross is that God participates in human suffering. Many Christians have
felt that God was especially near in times of suffering. Classical
theology, however, has said that God is impassible, unaffected by us,
and incapable of suffering. At this point the process understanding of
God’s consequent nature allows a stronger assertion that God suffers
with us in our suffering. God is with us and for us, empowering us in
our present lives.
But process thinkers also defend immortality in one of two forms.
Objective immortality is our participation in God’s consequent nature,
whereby God’s life is permanently enriched. Our lives are meaningful
because they are preserved everlastingly in God’s experience, in which
evil is transmuted and the good is saved and woven into the harmony of
the larger whole. God’s goal is not the completed achievement of a
static final realm, but rather a continuing advance toward richer and
more harmonious relationships. Other process writers defend subjective
immortality, in which the human self continues as a center of experience
in a radically different environment but amid continuing change rather
than a changeless eternity. (Whitehead said that this would be consistent
with his metaphysics, though he himself accepted only objective
immortality.) Cobb speculates that we might picture a future life, neither
as absorption into God nor as the survival of individuals in isolation, but
as a new kind of community transcending individuality.37
Process thought is consistent with recent themes in science. It also offers
some distinctive insights to theology. A final evaluation of its
theological adequacy must await a comparison with some current
theological alternatives in the final chapter.
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Chapter 9: God And Nature
How can God act if the world is governed by scientific laws? What is
God’s relation to the causal processes of nature? Any answer to such
questions presupposes a view of nature as well as a view of God’s
activity. In this chapter we start from the theological side, examining
some of the ways in which God’s action in the natural order is currently
portrayed and then evaluating these interpretations in the light of our
previous conclusions. We will explore several answers to these
questions within the Christian tradition.1
Our answers are crucial to the intellectual task of articulating a theology
of nature. Our understanding of God’s relation to nature also has
practical implications for the way we treat the environment in the face
of the crises that threaten it today. In the first section, classical theism is
discussed. Then some alternatives are examined: God’s self-limitation,
existentialism, and ideas of God as agent and the world as God’s body.
In the final section, the strengths and weaknesses of process theism are
analyzed. Each of these views, I argue, holds a dominant model of
God’s relation to the world, as summarized in figure 5.
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I. Classical Theism
In earlier chapters we saw that the Bible includes a great variety of
models of God. In relation to nature, God is represented as a purposeful
designer imposing order on chaos, a potter or craftsman making an
artifact, and an architect setting out the foundations of a building. Again,
God is a life-giving Spirit at work throughout nature and a
communicator expressing meaning and rational structure through the
divine Word. God is Lord and King, ruling both history and nature to
effect intended purposes. In relation to Israel, God is the liberator
delivering the community from bondage and the judge dedicated to
righteousness and justice. In relation to individuals, God is the judge but
also the careful shepherd, the forgiving father and (more rarely) the
nurturing mother. God is also the redeemer who brings new wholeness
to communities and individuals -- and even to nature in the final
fulfillment.

THEOLOGY DOMINANT MODEL CONCEPTUAL
ELABORATION
Classical Ruler-Kingdom Omnipotent, omniscient, unchanging
sovereign
Deist Clockmaker-Clock Designer of’ a law-abiding world
Neo-Thomist Workman-Tool Primary cause working through secondary
causes
Kenotic Parent-Child Voluntary self-limitation and vulnerability
Existentialist None God acts only in personal life
Linguistic Agent-Action Events in the world as God’s action
Embodiment Person-Body The world as God’s body
Process Leader-Community Creative participant in the cosmic
Community
Fig. 5. Models of God’s Role in Nature
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In subsequent history, some of these models were emphasized and
developed in theological concepts and systematic doctrines, while others
held only subordinate roles. We look first at the monarchical model of
divine sovereignty in medieval and Reformation theology. We then
consider recent neo-Thomist and neo-Reformation writers who hold that
God as primary cause works through the lawful secondary causes, which
science studies.
1. The Monarchical Model
We have seen that during its early centuries Christian theology
developed with a strong input from Greek thought. Neoplatonic ideas
influenced Augustine and others toward a dualistic view of matter and
spirit. Matter, nature, and the body are tainted by evil, they said, though
not irredeemably corrupted, as the Manichaeans held. In the Middle
Ages, biblical and Aristotelian ideas were brought together, especially in
the writings of Thomas Aquinas, which were so influential in later
Catholic theology. The biblical model of God as king and ruler was
elaborated into formal theological doctrines of divine omnipotence and
omniscience. The dominant model was that of the absolute monarch
ruling over his kingdom, though other models were also present. A
similar view of God was prominent in the Reformation, particularly in
Calvin’s emphasis on divine sovereignty and predestination.
In the classical doctrine of divine omnipotence, God governs and rules
the world in providential wisdom. All events are totally subordinate to
God’s will and power. Foreordination was said to involve not only
foreknowledge but also the predetermination of every event. Both
medieval Thomism and Reformation Protestantism held that God
intervenes miraculously as a direct cause of some events, in addition to a
more usual action of working through secondary natural causes. There is
a strictly asymmetrical, one-way relation: God affects the world, but the
world does not affect a God who is eternal, unchanging, and impassible.
God’s eternity was, of course, a biblical theme, and the human quest for
the security of a permanence beyond change is a perennial one. But the
exclusion of all temporality from God’s nature seems to have been
indebted mainly to Greek thought. Plato had pictured a realm of eternal
forms and timeless truth, imperfectly reflected in the world; the perfect
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was the unchanging. Aristotle had spoken of God as the Unmoved
Mover, the immutable Absolute. Aquinas argued that God is impassible,
unaffected by the world. God loves only in the sense of doing good
things for us, but without passion or emotion. God is pure act without
potentiality. God’s being is wholly self-sufficient and independent of the
world and receives nothing from it. Since God knows all events in
advance and controls every detail, divine knowledge is unchanging, and
in God there is no element of responsiveness. In the last analysis, the
passage of time is unreal to God, for whom all time is spread out
simultaneously.2 All of this seems to contrast with the dynamic God of
the Bible who is intimately involved in Israel’s history and responds
passionately to its changing situations.
To be sure, other themes qualified this image of divine sovereignty.
God’s control was never sheer power, for it was always the power of
love. Dante ends The Divine Comedy with a vision of God as "the Love
that moves the Sun and other stars." 3 Classical theism indeed
emphasized transcendence, and God is said to act occasionally by
supernatural intervention from outside nature. But classical theism also
defended divine immanence. God is preeminently present in the
incarnation, the sacraments, and the life of the church, but the Holy
Spirit animates nature as well as human life. The metaphysical dualism
of spirit and matter was mitigated insofar as the spiritual realm
permeates the material realm. Even though the goal of this life is to
prepare for the next, many expressions of the Middle Ages and later
Catholicism provided an affirmation of life in this world -- seen, for
example, in artistic and intellectual creativity. In the Thomistic
synthesis, grace fulfills nature rather than destroying it, and revelation
completes reason rather than contradicting it.
A number of authors in this century have defended the idea of God’s
immutability and impassibility. E. L. Mascall maintains that God is
timeless and sees all time simultaneously. We cannot add anything, he
says, to God’s eternal perfection. The highest form of love is totally
disinterested and uninvolved.4 Similarly, H. P. Owen holds that God
does not change in any way. God does respond to the needs of the world
but without being changed internally by such a response.5 Richard Creel
in Divine Impassibility argues that God is immutable in nature, in will,
in feeling, and in knowledge of possibilities. God is self-sufficient, and
the world is strictly unnecessary for the divine being. God’s joy and
inner life are unaffected by the world. God could not be grieved by our
choices. Creel grants that God’s knowledge of actualities must change
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as they occur, but God has decided in advance on appropriate responses
to deal with all possible events; those responses can be implemented
without any change on God’s part.6
Clearly, much can be said in support of a monarchical model, which
focuses on God’s power. It is in accord with the awe and mystery that
we earlier identified with numinous religious experience. Supreme
power, if combined with supreme goodness, is an attribute that makes
worship appropriate. It is also in accord with some (but not all) features
of the biblical witness. The ideas of transcendence and sovereignty are
indeed present in the creation story and other biblical passages (Isa. 6
and 40-48, or Job 38-41, for example). In the classical view, God’s
power was uniquely manifest in the resurrection (though sometimes this
was articulated in ways that are difficult to reconcile with the message
of Christ’s teachings, life, and the cross). Some aspects of science may
also accord well with the monarchical model, especially the power and
mystery of the Big Bang, the immense sweep of cosmic history, and the
marvel of biological and human life. But six problems with this model
lead many theologians to qualify, modify, or reject it.
1. Human Freedom. Divine omnipotence and predestination appear
incompatible with the existence of genuine alternatives in human
choice. No subtleties in distinguishing foreknowledge from
foreordination seem to be able to circumvent this basic contradiction.
Humanity’s total dependence on and submission to an authoritarian God
is also in tension with human responsibility and maturity; these ideas too
often have resulted in the repression rather than the fulfillment of human
creativity. If all power is on God’s side, what powers are assignable to
humanity?
2. Evil and Suffering. In the previous chapter we explored the problem
of theodicy: Why would a good and omnipotent God allow evil and
suffering? We saw that solutions that minimize the reality of evil and
suffering are inconsistent with human experience. Nor can evil and
suffering be taken as the consequences of Adam’s fall if we accept
evolutionary science. But if omnipotence is defended, and everything
that happens is God’s will, then God is responsible for evil and
suffering, and God’s goodness is compromised. We saw that many
current theodicies refer to God’s voluntary self-limitation in the interest
of human freedom, the lawfulness of nature, or a world suitable for
moral growth. These solutions are considered again in section II below,
but we can note here that they entail a major qualification of the
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monarchical model, if not a rejection of it. Exponents of the kenotic
model speak of God’s vulnerability and participation in suffering, and
they reject the classical ideas of impassibility and immutability.
3. Patriarchy. The characteristics of the monarchical God are those our
culture identifies as "masculine" virtues: power, control, independence,
rationality, and impassibility, rather than what are stereotyped as
"feminine" virtues: nurturance, responsiveness, interdependence, and
emotional sensitivity. The identification of God with "masculine"
qualities seems to reflect the biases of a patriarchal culture, and this
model of God has in turn been used to justify male dominance in
society.
4. Religious Intolerance. The exaltation of God’s power encouraged an
exclusivist view of revelation. Taken with a hierarchical understanding
of the authority of the church, it was used to support absolute claims to
religious truth. When coupled with political and military power, it led to
religious persecution, crusades, holy wars, and colonial imperialism, all
in God’s name. Such views are a continuing danger in a world of
religious pluralism and nuclear weapons. An extreme form of such
absolutism is the assertion of some fundamentalists that we do not need
to try to avoid nuclear brinksmanship, since if nuclear war breaks out it
will be the final Armageddon, in which we can count on God’s
omnipotence to assure our victory over the forces of evil.
5. An Evolutionary World. During the centuries when the monarchical
model was formulated, a static and hierarchical view of reality was
assumed. The world was accepted as a fixed order whose basic forms
were unchanging, given once for all. This tended to reinforce the idea of
creation ex nihilo in an absolute beginning; the biblical idea of
continuing creation was virtually ignored. Each lower form served the
higher in the hierarchy: God/man/woman/animal/plant. This fixed order
was unified by God’s sovereign power and omniscient plan. These
assumptions were, of course, challenged by evolution.
6. Law and Chance in Nature. With the rise of modern science, the idea
of supernatural intervention in nature seemed increasingly dubious. By
the time of Newton, God’s wisdom and power were seen only in the
initial design of the universe, not in its continuing governance (except
for occasional interventions). Deism took seriously the lawfulness of
nature at the price of relegating God’s activity to the distant past. We
have seen that more recently the role of chance has called into question
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both the determinism of predestination and the determinism of lawful
causes.
2. Primary and Secondary Causes
As indicated earlier, with the growth of science in the seventeenth
century nature was increasingly viewed as a law-abiding machine. God
was the clockmaker and the world was the clock -- an autonomous and
self-sufficient mechanism. Newton’s contemporary, Robert Boyle,
started by defending God’s freedom and sovereignty but ended by
asserting that God planned things so that no intervention was needed.
The unfailing rule of law, not miraculous intervention, is the evidence of
divine benevolence. Providence is expressed not by action in particular
events but by the total cosmic design, the overall structure and order of
the world.7 This was the inactive God of deism, who started the
mechanism and then let it run by itself. Nature was viewed as a selfcontained system whose interactions are to be exhaustively accounted
for in the purely natural terms of lawful cause and effect.
The mechanical view of nature was conducive to the growth of
technology. When we understand the laws of nature, we can use them to
control and manipulate the world around us. And if nature apart from
humanity is just a complicated machine, it has no rights or interests or
intrinsic value over against us, and it has no organic unity that we might
violate. Deism is also religiously inadequate because its God is remote
and inactive; there is no place for continuing creation or personal
encounter in the present, much less for the biblical view of God’s acts in
history.
More recently, a number of neo-Thomist authors have tried to defend
divine omnipotence and the lawful world of science without accepting
the inactive God of deism. They do so by developing the Thomistic
distinction between primary and secondary causes, which allows God a
continuing role. God as primary cause works through the secondary
causes, which science describes. Etienne Gilson invokes the model of a
worker and a tool. In God’s hands "creatures are like a tool in the hands
of the workman." One can say that an ax cuts the wood or that the man
using the ax cuts the wood; each produces the, whole effect. Unlike the
woodsman, though, God has conferred on all things their forms and their
distinctive powers.8
The first level of God’s action in nature is conservation. If God ceased
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to sustain the world, it would lapse again into nothingness. Moreover,
the powers of natural agents require a continual influx of divine power
to be efficacious. Powers are only potentialities until they are actualized;
every potency must be moved to act by God. Divine concurrence
includes a more direct control over the actions of natural agents. God
operates in the operation of created agents. God foresees and
predetermines every detail in the world, ordering and governing every
occurrence. This foreknowledge is itself the cause of all things.
Gilson also insists, however, on the reality of secondary causes. It is
misguided to say that God is the only cause or that what appear to be
natural causes are only the occasions on which God produces the
effects. God delegates causal efficacy to the creatures. There are
genuine centers of activity, interrelated and dependent on each other as
well as on God. The conviction of the regularity of such cause-effect
relationships provides a basis for science. Lawfulness obtains because
each being has its essence, its natural way of behaving, and so it always
produces the same effect.9
How then can the same effect be attributed to both divine and natural
causality? The resolution must start by recognizing that these are not
two actions doing essentially the same thing, not two causes on the same
level, each contributing to part of the effect. Rather, the whole effect is
produced by both divine and natural causes, but under completely
different aspects. Two causes can both be operative if one is
instrumental to the other. God is primary cause, in a different order from
all instrumental secondary causes. God sometimes produces effects
directly, as in the case of miracles, but usually works through natural
causes.
Does such divine control preclude contingency and human freedom? As
Garrigou-Lagrange puts it, God "infallibly moves the will to determine
itself freely to act." The apparent inconsistency of a foreordained free
choice, which will "infallibly come to be contingently," is resolved as
follows. A contingent event is defined as one that is not uniquely
determined by its natural causes. If God were merely to calculate the
future from the present, as we would have to, God could not know the
future. Since God is eternal, however, the future is present to God as it
will actually be, a single definite outcome. God, being above time and
having unchanging knowledge, does not know the future as potentially
and indeterminately contained in its worldly causes, but determinately
as specified in the eternal divine decree. Within the world, an act is
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2073 (8 of 38) [2/4/03 6:42:43 PM]

Religion in an Age of Science

uncertain before it takes place. But for God there is no "before"; for God
it has taken place.10
In neo-Thomist thought, moreover, divine causality is rich and manyfaceted, far from any simple mechanical coercion. God is the origin of
form and matter but also has a role in final causation. Each being is
given a natural inclination, which is genuinely its own but which also
expresses God’s purposes. God endows every creature with an intrinsic
nature and a way of acting and leaves it free to follow the goal toward
which it strives. Divine causality can occur at various levels. In the case
of the human will, God moves it from within, inclining it toward the
good, calling forth its own powers, so its free acts remain its own. Here
God’s influence is the final causality of attraction to the good, and
God’s action becomes the power of love. This seems to me a more apt
analogy than "instrumental causes" (such as worker and tool) in which
the instrument is totally subordinated to the user. These aspects of neoThomism have much in common with process thought.
As another example, consider the discussion of double agency by the
Anglican theologian Austin Farrer. "God’s agency must actually be such
as to work omnipotently on, in and through creaturely agencies, without
either forcing them or competing with them." God acts through the
matrix of secondary causes and is manifest only in the overall resulting
pattern. "He does not impose an order against the grain of things, but
makes them follow their own bent and work out the world by being
themselves. . . . He makes the multitude of created forces make the
world in the process of making or being themselves." 11 Primary and
secondary causes operate at totally different levels, according to Farrer.
We can’t say anything about how God acts; there are no "causal joints"
between infinite and finite action and no gaps in the scientific account.
So, too, the free act of a person can at the same time be ascribed to the
person and to the grace of God acting in human life.
Neo-Reformation (neo-orthodox) writers have also used the idea of
primary and secondary causes to defend divine sovereignty over nature.
Karl Barth asserts that God "rules unconditionally and irresistibly in all
occurrence." Nature is God’s "servant," the "instrument of his
purposes." God controls, orders, and determines, for "nothing can be
done except the will of God." God foreknows and also predetermines
and foreordains. "The operation of this God," Barth writes, "is as
sovereign as Calvinist teaching describes it. In the strictest sense it is
predestinating." 12
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Barth insists, however, that divine omnipotence must always be
considered in the light of God’s action in Christ. He feels that both
Aquinas and Calvin represented sovereignty as absolute power in the
abstract, which tended toward metaphysical necessity or arbitrary
despotism. Our concern should be, not omnipotence as such, but the
power revealed in Christ, which is the power of love. God’s power is
simply the freedom to carry out purposes centering in the covenant of
grace. Moreover, Barth defends both human freedom and the lawfulness
of the created order. God respects the degree of independence given to
the creatures, preserving them in being and allowing creaturely activity
to coexist with divine activity. The divine work is not just a higher
potency supervening on a lower, but an activity "within a completely
different order." God’s governance is on another plane distinct from all
natural causes.
Barth thus affirms both divine sovereignty and creaturely autonomy.
God controls, and all creaturely determination is "wholly and utterly at
the disposal of his power." The creature "goes its own way, but in fact it
always finds itself on God’s way." All causality in the world is
completely subordinate to God. When a human hand writes with a pen,
the whole action is performed by both -- not part by the hand and part by
the pen; Barth declares that creaturely causes, like the pen, are real but
"have the part only of submission" to the divine hand that guides
them.13
The idea of primary and secondary causality among these writers has the
great merit of respecting the integrity of the natural causal nexus, which
science studies. They avoid deism by insisting that the natural order
does not stand on its own but requires the continued concurrence of
God. Of course, such general, uniform concurrence, working equally in
all events, does not fully represent the biblical God who acts. Most
defenders of double agency claim that God has also intervened directly
at a few points in history, perhaps in miracles, or at least in the
particularity of incarnation in Christ. But it is more difficult to allow
here for any forms of divine action intermediate between general
concurrence and miraculous intervention. Moreover, the "paradox of
double agency" employs ideas of causality that remain problematic. The
woodsman causes the motion of the ax, which is his instrument, but
primary causes do not cause secondary causes in a similar way. Finally,
by retaining classical conceptions of God’s omnipotence,
foreknowledge, and eternity, the interpretation is in the end
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deterministic, despite protracted efforts to allow for human freedom. If
in God’s view there is only one outcome, no genuine alternatives exist,
though we may think they do. Chance and evil in the world are also
difficult to reconcile with such divine determination.
II. Some Alternatives
Let us consider four recent alternatives to classical theism. In the first,
omnipotence and immutability are qualified by God’s self-limitation. In
the second, God’s action is limited to the realm of personal life, which is
contrasted with the lawful and objective realm of nature. In the third,
God’s action is said to be like human actions, which are described in the
language of intentions rather than in the language of causes. In the
fourth, the world is viewed as God’s body.
1. God’s Self-Limitation
Divine omnipotence has been questioned by a number of theologians
who have suggested that the creation of the world required God’s
voluntary self-limitation. Several biblical scholars have explored the
theme of God’s suffering in the Bible,14 but I will confine myself to
examples from recent British theologians. A statement by the Doctrine
Commission of the Church of England criticizes both the monarchical
model and the clockmaker model and rejects immutability and
impassibility. Two alternative models are proposed. The first is that of
the artist and the work of art. The artist’s vision changes and is
reformulated as the work proceeds. Moreover, the medium (the
sculptor’s wood or stone, for instance) always imposes constraints on
the artist. God has similarly chosen a medium that imposes inescapable
constraints; God exercises a limited control and redeems imperfections
rather than preventing them.15
The second model proposed in the Anglican statement is that of the
parent and the growing child. As the child matures, the parent exercises
persuasion and holds up moral standards rather than acting coercively.
Some forms of intervention would defeat the parent’s goals. So, too, in
the face of Israel’s rebelliousness, God is patient and faithful and will
not abandon the covenant people. God loves like a father who suffers
when a son fails to respond. In a section on "the suffering of God," the
statement insists that the cross and the resurrection always go together
and that new life is given amid suffering and death. God does not
promise that we will be protected from life’s ills. The promise is that
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God will be faithful and will empower us with endurance and insight if
we are open to them.
W. H. Vanstone says that authentic love is always accompanied by
vulnerability. In human life, inauthentic love seeks control, as when a
possessive parent holds Onto a child. Authentic love is precarious and
brings the risk of rejection. It requires involvement rather than
detachment, and this also makes a person vulnerable. The biblical God
is affected by the creation, delighting in its beauty but grieved by its
tragic aspects. Vanstone holds that there is no predetermined plan or
assured program. There is, rather, "a vision which is discovered in its
own realization."
The creation is "safe," not because it moves by program towards
a predetermined goal, but because the same loving creativity is
ever exercised upon it. . . . It implies only that that which is
created is other than he who creates; that its possibility must be
discovered; that its possibility must be ‘worked out" in the
creative process itself; and that the working out must include the
correction of the step which proved a false step, the redemption
or the move which, unredeemed, would be tragedy. . . . Our faith
in the Creator is that He leaves no problem abandoned and no
evil unredeemed.’6
Vanstone says that evil is inescapable in the long process of creation.
God must wait on the responses of nature and humanity. Nature is not
just the stage for the human drama; it is the result of a labor of love and
as such is worthy of our celebration and care. Here Vanstone extends the
ancient theme of kenosis or self-emptying: in the incarnation God set
aside omnipotence, "taking the form of a servant" (Phil 2:7). He
concludes his book with a "Hymn to the Creator," ending with this
stanza:
Thou art God; no monarch Thou
Thron’d in easy state to reign;
Thou art God, Whose arms of love
Aching, spent, the world sustain.17
Brian Hebblethwaite suggests that though God has an unchanging goal.
many paths lead to it. The future is open and unpredictable, awaiting the
creatures choices. There can be no detailed foreknowledge, and God
changes in response to what the creatures do. Hebblethwaite defends
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human freedom and also indeterminacy and chance at lower levels. He
rejects the idea that God determines what appear to us as chance atomic
events; he insists that there is real randomness, which even God cannot
know in advance. Evolution reflects millions of years of chance; God
respects the structures of creation but somehow weaves these events into
unforeseeable providential patterns. In this framework, he says, the
problems of evil and suffering are more tractable than under the
assumption that every detail is predestined.18
Keith Ward ascribes reciprocity and temporality to God. He rejects
divine omnipotence and self-sufficiency. Creativity is inherently
temporal, responsive, and contingent. God’s power, knowledge, and
beatitude are limited by the creatures’ power, freedom, and suffering,
respectively. But these are voluntary self-limitations, since God could at
any time destroy or modify the world. Chance, law, and plurality in the
world produce the possibility of conflict and evil; sentience makes pain
and suffering as well as pleasure and joy possible. God chooses good
and accepts evil as its concomitant.
Ward says that God is neither omnipotent nor helpless but guides an
evolutionary process that includes law, chance, and the emergence of
novelty. God’s nature and purposes are eternal and unchanging, but
divine knowledge and creativity are changing. Ward acknowledges
indebtedness to the dipolar theism of process thought but claims that
Whitehead’s God is helpless and passive, a "cosmic sponge" (Which
seems to me to be a misreading of Whitehead). Ward accepts only
God’s voluntary self-limitation, whereas for Whitehead the limitations
of divine power are metaphysical and inescapable. 19
Another Anglican who appreciates but also criticizes Whitehead is John
Macquarrie. He finds the traditional emphasis on transcendence,
eternity, and impassibility one-sided and wants to balance these
characteristics by immanence, temporality, and vulnerability. He calls
his view "Dialectical Theism." God is "above time" in the constancy of
a purpose that suffering does not defeat or overwhelm. Macquarrie
draws heavily from such exponents of mysticism as Plotinus, Eriugena,
and Eckhart, who emphasized immanence and the inward unity of all
things in God. He says that evil is inescapable in such a creation, and it
can be more readily accepted if we know that God participates in the
world’s suffering.20
A final example is Paul Fiddes’s The Creative Suffering of God. Of all
http://www.religion-online.org/cgi-bin/relsearchd.dll/showchapter?chapter_id=2073 (13 of 38) [2/4/03 6:42:43 PM]

Religion in an Age of Science

these authors, Fiddes is the most sympathetic to process thought, and he
draws extensively from it, though in the end he departs from it. He gives
detailed critiques of ideas of God’s immutability, self-sufficiency, and
timelessness, and he accepts the process position concerning God’s
relatedness and temporality. God is with us in our suffering but is not
overwhelmed or defeated by it. But Fiddes does not agree with process
thought that God’s involvement with the world is necessary or that God
needs the world in order to be fully actualized. He maintains that God
has freely chosen and accepted self-limitation for the sake of human
freedom. Here he is indebted to Barth’s theme that God loves in
freedom and chooses to be in relation to the world. Fiddes says that
relatedness, fellowship, and community are already present within the
life of the trinitarian God and do not require a world to be actualized.21
Fiddes is impressed with the process understanding of how God’s
suffering affects us. We feel another person’s sympathy with our
feelings. In Christ’s death we experience judgment but also an
acceptance that enables us to accept the truth about ourselves. Costly
forgiveness can have a transforming effect. But Fiddes holds that this
can be better expressed through trinitarian ideas: "Process thought, then,
points in a valuable way to the powerful effect which an exchange of
feelings between us and a suffering God can have upon us, but I believe
this insight can be carried through better with the more thoroughgoing
personal analogy for God which is offered in Trinitarianism."22
Compared to the monarchical model, these views seem to accord better
with the biblical understanding and also with evolutionary history and
human experience. We have seen similar ideas expounded by Arthur
Peacocke in his writings on evolution. The models of artistic creativity
and parental love appear particularly appropriate. These views go far
toward answering the objections raised against the monarchical model:
the problems of freedom, evil, evolution, and chance. They could also
be developed to answer the classical tendencies toward patriarchy and
religious intolerance. I will suggest that process theology expresses
many of the same insights but develops them further in a coherent
metaphysical system.
2. Existentialism
Another reaction to the scientific view of the world has been the
restriction of religious assertions to the sphere of selfhood. According to
existentialists, the objectivity and detachment appropriate to the study of
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nature are to be sharply contrasted with the personal decision,
commitment, and involvement required in the religious life. God acts
only in person-to-person encounter in the present moment. Human
freedom, which is problematic in the monarchical and deist models, is
strongly defended by existentialists, but nonhuman nature remains an
autonomous and deterministic causal network.
Rudolf Bultmann is a forceful exponent of the proposition that God does
not act in the objective arena of nature but in existential selfunderstanding. He considers nature to be a rigidly determined
mechanical order. What he takes to be the scientific view of the universe
as a completely closed system of cause-and-effect laws excludes belief
in God’s action in the world. Moreover, the idea that God produces
external changes in space and time is held to be theologically
objectionable. A myth, in Bultmann’s definition, is any representation of
divine activity as if it were an objective occurrence in the world. The
transcendent is falsely objectivized when it is spoken of in the language
of space and time or imagined as a supernatural cause. Miracles and
"supernatural events" objectify the divine as a cause and also run
counter to the scientific understanding of the world as law-abiding. But
Bultmann holds that rather than simply rejecting these mythical
elements in toto, as earlier liberals did, we must recover their deeper
meaning. If mythical imagery misrepresented the action of the
transcendent as if it were an objective occurrence, we must translate it
back into the language of personal experience.23
To demythologize thus means to reinterpret existentially in terms of
human self-understanding. All along, the real function of myths was to
provide new insight into human existence and its fears, hopes, decisions,
and the meaning of life and death. Bultmann holds that he is not
imposing an alien idea on the biblical message but rather seeing it for
what it is -- a call to repentance, faith, and obedience. He wants us to
ask of any myth what it says about our relation to God now and what
new possibilities it suggests for our lives.
All religious formulations must be statements about a new
understanding of personal existence. The doctrine of creation is not a
neutral statement about God and the world but a personal confession of
dependence, an acknowledgment of one’s life as a gift. The resurrection
was not an observable event but rather the rebirth of faith in Christ
among the disciples, a transformation that is repeated anew throughout
the history of the church. In response to Christ, individuals can today
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find the possibility of achieving authentic existence, overcoming
despair, and gaining an openness to the future and to other persons.
In this framework, can one say that God acts in history or in nature? We
must take great care, says Bultmann, to avoid referring to God’s action
as something objective and external to us. "When we speak of God as
acting we mean that we are confronted by God, addressed, asked,
judged, or blessed by God."24 Thus God’s action always occurs in the
present transformation of our lives. Christ becomes God’s act only when
we respond to him, so "the incarnation is being continuously reenacted
in the events of the proclamation."
According to Bultmann, God does not violate the close system of
natural causality. Thus the idea of providence is comprised entirely in
the way a person looks at natural events:
In faith I can understand an accident with which I meet as a
gracious gift of God or as his punishment, or as his chastisement.
On the other hand, I can understand the same accident as a link in
the chain of the natural course of events. If, for example, my
child has recovered from a dangerous illness, I give thanks
because he has saved my child. . . . I need to see the worldly
events as linked by cause and effect, not only as a scientific
observer, but also in my daily living. In doing so there remains
room for God’s working. This is the paradox of faith, that faith
"nevertheless" understands as God’s action here and now an
event which is completely intelligible in the natural or historical
connection of events.25
Presumably we cannot say that God’s action influenced the outcome of
the child’s illness, for that would be to identify divine action with an
objective event. Is the difference, then, only in how we take an outcome
that was itself determined by inexorable and impersonal causal laws?
Bultmann’s reluctance to affirm God’s activity in the world and his
retreat to the inner realm of personal existence arise is part form his
view of nature as an inviolable and mechanically determined causal
system -- a view more consonant, I have said, with eighteenth-century
than with contemporary science. One critic deplores Bultmann’s
acceptance of "the Kantian bifurcation of reality into nature and spirit
and the expulsion of God’s activity from the realm of nature. . . . God
was banished from the world of nature and history in order to secure for
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man s scientific conquest an unembarrassed right of way, and for faith a
sanctuary."26
I agree with Bultmann that the center of Christian experience is the
transformation of personal existence. But he has ended by privatizing
and interiorizing religion to the neglect of its communal aspects.
Personal life is always lived in the context of wider relationships in
nature and society. In chapter 1, I discussed existentialism as an
example of the Independence thesis, in which religion and science are
compartmentalized as totally separate realms. But we have seen that the
sharp line between humanity and nature can be criticized on scientific
grounds. Evolutionary biology and ecology have shown us the
continuities between the human and nonhuman worlds.
The existentialist dichotomy between the sphere of personal selfhood
and the sphere of impersonal objects can also be criticized on
theological and ethical grounds. The retreat to the realm of human
inwardness leaves nature unrelated to God and devoid of enduring
significance. What was God doing in the long history of the cosmos
before the appearance of humanity? Is the world only the impersonal
stage for the drama of human life? Should we then treat it as an object to
be exploited for human benefit? In the biblical view, by contrast, the
natural world is no mere setting, but part of the drama that is a single,
unified, creative-redemptive work. Today we need a theology of nature
as well as of human existence.
3. God as Agent
Another model of God’s relation to the world is drawn from the relation
of agents to their actions. Many proponents of this model have been
influenced by linguistic analysis, which holds that diverse types of
language serve radically differing functions. (This was another version
of the Independence thesis in chapter 1.) Writings in the philosophy of
action contend that the explanation of actions by intentions is very
different from the explanation of effects by causes. An action of a
human agent is a succession of activities ordered toward an end. Its
unity consists in an intention to realize a goal. An action differs from a
bodily, movement. A given bodily movement (for example, moving my
arm outward in a particular way) may represent a variety of actions
(such as mailing a letter, sowing seeds, or waving to someone).
Conversely, a given action may be carried out through a variety of
sequences of bodily movements. An action cannot be specified, then, by
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any set of bodily movements, but only by its purpose or intent.27
Analysis in terms of intentions does not preclude analysis in terms of
scientific laws. The physiologist need not refer to my purposes in
explaining my arm movement. In addition, intentions are never directly
observable. Calling it an action involves an interpretation of its meaning
and often requires observation over a considerable temporal span; it
may, of course, be misinterpreted and wrongly identified. The agents of
actions are embodied subjects acting through their bodies. Instead of a
mind/body dualism of two distinct substances, we have two ways of
talking about a single set of events. An agent is a living body in action,
not an invisible mind interacting with a visible body. Yet the agent
transcends any single action and is never fully expressed in any series of
actions.
Similarly, we can say that cosmic history is an action of God as agent.
Reference to divine intentions does not exclude a scientific account of
causal sequences. John Compton writes,
We can distinguish the causal development of events from the
meaning of these events viewed as God’s action. Scientific
analysis of physical nature and of human history has no more
need of God as an explanatory factor than the physiologist needs
my conscious intent to explain my bodily movements. Nor does
God need to find a "gap" in nature in order to act, any more than
you or I need a similar interstice in our body chemistry. Each
story has a complete cast of characters, without the need for
interaction with the other story, but quite compatible with it.
What happens is that the evolution of things is seen or read, in
religious life -- as my arm’s movement is read in individual life -as part of an action, as an expression of divine purpose, in
addition to its being viewed as a naturalistic process.28
The intentions of an agent are never directly observable and may be
difficult to guess from events in a limited span of time. In the case of
God’s intentions, a paradigm tradition provides a vision of a wider
context within which the pattern is interpreted. There is indeed a strong
biblical precedent for talking about God in terms of purposes in history.
Today the linguistic approach would encourage us to treat the language
of divine action as an alternative to scientific language, not as a
competitor with it. The cosmic drama can be interpreted as an
expression of the divine purpose. God is understood to act in and
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through the structure and movement of nature and history.
The theologian Gordon Kaufman suggests that the whole course of
evolutionary development can be considered as one all-encompassing
action, unified by God’s intentions. Within this master action are
various subactions -- the emergence of life, the advent of humanity, the
growth of culture -- which are phases of a total action moving toward
greater consciousness, freedom, and community. Kaufman sees the
history of Israel and the life of Christ as special subactions decisively
expressing the divine intention. He maintains that the evolutionary
process is at the same time an unbroken causal nexus, which the
scientist can study without reference to God’s purposes.29
Maurice Wiles has recently elaborated the thesis that cosmic history is
one overarching action. He rejects the traditional understanding of
particular divine actions in the providential guidance of individual
events:
Think of the whole continuing creation of the world as God’s one
act, an act in which he allows radical freedom to his human
creation. The nature of such a creation, I have suggested, is
incompatible with the assertion of further particular divinely
initiated acts within the developing history of the world. God’s
act, like many human acts, is complex. I have argued that
particular parts of it can rightly be spoken of as specially
significant aspects of the divine activity, but not as specific.
identifiable acts of God.30
Wiles proposes that God’s intention is unvarying and God’s action is
uniform, but our responses will vary in differing contexts:
God’s fundamental act, the intentional fruit of the divine
initiative, is the bringing into existence of the world. That is a
continuous process, and every part of it is therefore in the
broadest sense an expression of divine activity. Differences
within the process, leading us to regard some happenings as more
properly to be spoken of in such terms than others, are dependent
not on differing divine initiatives but on differing degrees of
human responsiveness. The players in the improvised drama of
the world’s creation, through whom the agency of the author
finds truest expressions, are not ones to whom he has given some
special information or advice, but those who have best grasped
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his intention and developed it.31
Wiles differs from deism by holding that God acts in the whole of
cosmic history, not just in its initial design. But he agrees with deism in
holding that God does not act with particular intentions at particular
points in that history. It seems to me that by abandoning the idea of
particular divine initiatives in history. Kaufman and Wiles have
departed significantly from the biblical witness. Moreover, in their
interpretation Christ seems to be special only because of the way we
respond to him, not because of any special divine action in his life.
4. The World as God’s Body
Several theologians have developed the model of the world as God’s
body. Sallie McFague’s use of this model was mentioned in chapter 2.
Grace Jantzen. in God’s World, God’s Body, starts by defending a
holistic understanding of the human person as a psychosomatic unity,
citing support from the Old Testament and recent psychology and
philosophy. She rejects the classical mind/body dualism with its
devaluation of matter and the body. The God/world relation is analogous
to that of person/body, rather than mind/body or soul/body. Jantzen
thinks that the classical view of God as disembodied spirit is a product
of the Christian Platonism that contrasted eternal forms with a lower
realm of temporal matter; this view held that God is immutable and
therefore immaterial. But a few church fathers, such as Tertullian,
accepted the Stoic assertion that God is embodied, though they rejected
the determinism and pantheism of Stoicism.
Jantzen acknowledges that there are significant differences between God
and human persons but suggests that these can be described in terms of
God’s perfect embodiment, rather than disembodiment. We have direct
awareness of our thoughts, feelings, and many events in our bodies, but
much is going on in our bodies of which we are not aware (for example,
the processes in our internal organs). God, by contrast, has direct and
immediate knowledge of all events in the cosmos. God as omnipresent
perceives from every point of view, not from a limited viewpoint as we
do. With such directness, God needs no analogue of a nervous system.
Again, we can directly and intentionally affect a limited range of actions
of our bodies; much that goes on, such as the beating of our hearts, is
unintentional. God, however, is the universal agent for whom all events
are basic actions, though some events may be more significant and
revelatory than others. Instead of treating all of cosmic history as one
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action, as Wiles does, Jantzen holds that there are particular actions
arising from God’s response to changing situations.32
Though God is free of many of the limitations that the human body
imposes, the presence of any body does impose limitations, but Jantzen
maintains that in the case of God these are voluntary self-limitations.
God is always embodied but has a choice about the details of
embodiment, which we do not have. A universe has always existed, but
its present form is a voluntary self-expression. God could eradicate the
present universe and actualize something different; God could exist
without this world, but not without any world. God is always in
complete control and the world is ontologically dependent. Yet God has
voluntarily given the creatures considerable independence and
autonomy. At this point Jantzen resembles the proponents of God’s selflimitation discussed earlier, though she departs from them when she
says that God and the world are "one reality." But she maintains that
God transcends the world, just as we can say that a person transcends
physical processes if we reject a mechanistic reductionism. She also
suggests that the idea of the world as God’s body would lead us to
respect nature and would encourage ecological responsibility.33
Thomas Tracy, on the other hand, argues that God is a nonbodily agent.
In the human case, he says, embodiment means (1) existence as a
unified organic process, and (2) limitation by subintentional, automatic
processes. But the world, says Tracy, does not resemble a unified
organism. Instead, there seems to be a looser pluralism, a society of
distinct agents. Moreover, God is not inherently limited by involuntary
processes, though some self-imposed limitations accompanied the
choice to create other agents and to respect their integrity. Tracy accepts
the more traditional position that God could exist without any world.
God’s vulnerability is the result of love and not necessity. Tracy
describes his position as intermediate between classical theism (in which
God’s being is independent of the world) and process theism (in which
God and the world affect each other). He concludes that God is a
nonbodily agent with unrestricted intentionality who interacts
temporally with the world in mutually affecting relations.34
I would agree with Tracy that the world does not have the kind of unity
that a human body possesses. To be sure, the mystical tradition has
testified to an underlying unity and has sometimes referred to God as the
world-soul; but mystics speak of an undifferentiated identity wherein
distinctions are obliterated, which is very different from the organized
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integration of cooperatively interacting parts that characterizes the unity
of a body. Every body we have encountered also has an external
environment, whereas with a cosmic body all interactions would be
internal. The most serious objection to the model is that it does not
allow sufficiently for the independence of God and the world. God’s
relation to other agents seems to require a social or interpersonal
analogy in which a plurality of centers of initiative is present.
III. Process Theism
In process thought reality is envisaged as a society in which one
member is preeminent but not totally controlling. The world is a
community of interacting beings rather than a monarchy, a machine, the
setting for an interpersonal dialogue, the action of an agent, or the body
of an agent. We look first at the advantages of process theism in
comparison with the options considered above and then analyze some of
the problems it entails.
1. God as Creative Participant
We have seen that the process view ‘s social in that it portrays a
plurality of centers of activity. It can also be called ecological in that it
starts from a network of relationships between interdependent beings,
rather than from essentially separate beings. We can think of God as the
leader of a cosmic community. It is neither a monarchy nor a
democracy, since one member is preeminent but not all-powerful. God
is like a wise teacher, who desires that students learn to choose for
themselves and interact harmoniously, or a loving parent who does not
try to do everything for the members of a family. God’s role is creative
participation and persuasion in inspiring the community of beings
toward new possibilities of a richer life together.
Some process thinkers have used the mind-body relation in a distinctive
way as an analogy for God’s relation to the world. Hartshorne is willing
to call the universe God’s body, provided we remember that a person’s
character can remain unchanged amid major bodily changes and that
God’s essence is uniquely independent of the particulars of the universe.
Like Jantzen, Hartshorne points out that we have only dim awareness of
some portions of our bodies and our pasts, whereas God knows the
world completely at every point and forgets nothing. Hartshorne
proposes that the mind-body analogy, if appropriately extended,
provides an image of God’s infinitely sympathetic and all-embracing
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participation in the world process, a mode of influence that is internal
rather than external.
Hartshorne goes further, however, by showing that in process thought
the mind-body analogy is itself social in character, because a human
being is a society -- a network of living cells plus one dominant
member, the mind. The immediacy of our knowledge of the body and
the directness of our action through the body can appropriately be
extended as images of God’s perfect knowledge and action. Hartshorne
says that the relationship between human persons is indirect and is
mediated by language or physical objects, so that a human society is a
less apt analogy for God’s relation to the world.35
Hartshorne’s development of the mind-body model is helpful, but I
believe that interpersonal social models best represent the combination
of independence and interdependence that characterizes individual
entities in relation to each other and in relation to God. We have more
independence than cells in a cosmic organism. Here Whitehead’s more
pluralistic model allows a larger role for both human and divine
freedom, intention, and action. In his scheme we can think of God as the
leader of the cosmic community.
Drawing on the discussion in the previous chapter, we can see that the
process model offers distinctive answers to each of the six problems in
the monarchical model, which were indicated earlier.
1. Human Freedom. Human experience is the starting point from which
process thought generalizes and extrapolates to develop a set of
metaphysical categories that are exemplified by all entities. Selfcreativity is part of the momentary present of every entity. It is not
surprising, then, that process thought has no difficulty in representing
human freedom in relation to both God and causes from the past. In
particular, omnipotence and predestination are repudiated in favor of a
God of persuasion, whose achievements in the world always depend on
the response of other entities. Process theism strongly endorses our
responsibility to work creatively to further God’s purposes, as well as
recognizing human frailty and the constraints imposed by the biological
and social structures inherited from the past. We are participants in an
unfinished universe and in God’s continuing work. God calls us to love,
freedom, and justice. Time, history, and nature are to be affirmed, for it
is here that God’s purposes can be carried forward.
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2. Evil and Suffering. Human sin can be understood as a product of
human freedom and insecurity. Suffering in the human and nonhuman
world is no longer a divine punishment for sin or an inexplicable
anomaly. The capacity for pain is an inescapable concomitant of greater
awareness and intensity of experience. Greater capacity to hurt others is
a concomitant of the new forms of interdependence present at higher
levels of-life. In an evolutionary world, struggle and conflicting goals
are integral to the realization of greater value. By accepting the
limitations of divine power we avoid blaming God for particular forms
of evil and suffering; we can acknowledge that they are contrary to the
divine purposes in that situation. Instead of God the judge meting out
retributive punishment, we have God the friend, with us in our suffering
and working with us to redeem it.
3. "Masculine" and "Feminine" Attributes. The classical view of God
was heavily weighted toward what our culture thinks of as "masculine"
virtues: power, rationality, independence, and impassibility. By contrast,
process thinkers also ascribe to God what our culture takes to be
"feminine" virtues: nurturance, sensitivity, interdependence, and
responsiveness. These authors refer to God’s tenderness, patience, and
responsive love. The typical male image of control and self-sufficiency
is rejected in favor of images of participation, education, and
cooperation. In reacting against the monarchical model of God’s power,
process thinkers may sometimes seem to make God powerless, but in
fact they are pointing to alternative forms of power in both God and
human life. The goal in picturing both divine and human virtues is to
integrate masculine/feminine attributes within a new wholeness, like the
wider unity within which the Taoists held that the contrasting qualities
of yin and yang are embraced.
4. Interreligious Dialogue. In contrast to the exclusivist claims of
revelation in classical theism, process thought allows us to acknowledge
that God’s creative presence is at work at all points in nature and
history. But it also allows us to speak of the particularity of divine
initiatives in specific traditions and in the lives and experience of
specific persons. Unlike deism, existentialism, and the language of
cosmic agency, it defends the idea of God’s continuing action in the
world -- including actions under special conditions that reveal God’s
purposes with exceptional depth and clarity. Such a framework would
offer encouragement to the path of dialogue among world religions as an
alternative to both the militancy of absolutism and the vagueness of
relativism (chapter 3). We can accept our rootedness in a particular
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community and yet remain open to the experience of other communities.
5. An Evolutionary and Ecological World. We have seen that process
thought is in tune with the contemporary view of nature as a dynamic
process of becoming, always changing and developing, radically
temporal in character. This is an incomplete cosmos still coming into
being. Evolution is a creative process whose outcome is not predictable.
Reality is multileveled, with more complex levels built on simpler ones,
so we can understand why it had to be a very long, slow process if
God’s role was evocation and not control. Also fundamental to process
metaphysics is a recognition of the ecological interdependence of all
entities. Moreover, it presents no dualism of soul and body and no sharp
separation between the human and the nonhuman. Anthropocentrism is
avoided because humanity is seen as part of the community of life and
similar to other entities, despite distinctive human characteristics. All
creatures are intrinsically valuable because each is a center of
experience, though there are enormous gradations in the complexity and
intensity of experience. In addition, by balancing immanence and
transcendence, process thought encourages respect for nature.
6. Chance and Law. Within the monarchical model, any element of
chance is a threat to divine control (unless God controls what to us
appears to be chance). Within both deism and existentialism it is
assumed that all events in nature are objectively determined. Process
thought is distinctive in holding indeterminacy among its basic
postulates. It affirms both order and openness in nature. Here divine
purpose is understood to have unchanging goals but not a detailed
eternal plan; God responds to the unpredictable. Process thought
recognizes alternative possibilities, potentialities that may or may not be
realized. There are many influences on the outcome of an event, none of
them absolutely determining it.
2. Problems in Process Theology
I take seriously three criticisms of process theology, though I believe
that there are answers to each.
1. Christianity and Metaphysics
The context of religious discourse is the worshiping community.
Writings in process theology, by contrast, often seem abstract and
speculative. God is described in philosophical categories rather than
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through stories and images. But we must remember that differing types
of discourse can have the same referent. A husband can refer to his wife
in the personal language of endearment or in the objective language of a
medical report. Moreover, process metaphysics is not proposed as a
substitute for the language of worship but as a substitute for alternative
metaphysical systems. Metaphysics is inescapable as soon as one moves
from the primary language of worship (story, liturgy, and ritual) to
theological reflection and doctrinal formulation.
The use of philosophical categories in theology is not new. Augustine
was indebted to Plato, Aquinas to Aristotle, nineteenth-century
Protestantism to Kant. In each case the theologian had to adapt the
philosopher’s ideas to the theological task. In turn, the theologian’s
philosophical commitments led to greater sensitivity to some aspects of
the biblical witness than to others. The components of any creative
synthesis are themselves altered by being brought together. Whitehead,
like Kant, was a philosopher already deeply influenced by the Christian
vision of reality. Whitehead recognized the tentative and partial
character of his attempt at synthesis; he held that every philosophical
system illuminates some types of experience more adequately than other
types, and none attains to final truth.
At certain times in the past the imposition of a rigid philosophical
system has hindered both scientific and theological development. The
dominance of the Aristotelian framework from the thirteenth to the
seventeenth centuries was in some ways detrimental to both science and
theology. In the search for unity and coherence, we must avoid any
premature or externally imposed synthesis. We can expect no complete
and final system; our endeavors must be tentative, exploratory, and
open, allowing a measure of pluralism in recognition of the variety of
experience. Christianity cannot be identified with any metaphysical
system. The theologian must adapt, not adopt, a metaphysics. Many
process insights may be accepted without accepting the total
Whiteheadian scheme. These insights can lead to the modification of
classical religious models so that they more accurately reflect the
experience of the Christian community as well as contemporary
scientific understanding.
2. God’s Transcendence and Power
It has been said that the God of process philosophy lacks the
transcendence and power characteristic of the biblical God. One critic
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says that such a weak God would evoke our pity rather than our
worship.36 Transcendence is indeed less emphasized in process theology
than in classical Christianity, but it is still strongly represented. God is
distinct from the world and not identified with it, as in pantheism. Every
entity is radically dependent on God for its existence and the order of
possibilities that it can actualize, God’s freedom and priority in status
are upheld; God alone is everlasting, omniscient, and omnipresent. God
is perfect in love and wisdom. God’s unchanging purposes for good are
not contingent on events in the world.
The process God does have power, but it is the evocative power of love
and inspiration, not controlling, unilateral power. It is power that is also
creative empowerment, not the abrogation of creaturely powers. The
power of love and goodness is indeed worthy of worship, commitment,
and also gratitude for what God has done, whereas sheer power would
only be cause for awe and fear. God’s love is not irresistible in the short
run, but it is inexhaustible in the long run.
Several themes in Christian thought support the portrayal of a God of
persuasion. Christ’s life and death reveal the transformative power of
love. We have freedom to respond or not, for grace is not irresistible. In
the last analysis, I suggest, the central Christian model for God is the
person of Christ himself. In Christ it is love, even more than justice or
sheer power, which is manifest. The resurrection represents the
vindication rather than the denial of the way of the cross, the power of a
love stronger than death. Process theology reiterates on a cosmic scale
the motif of the cross, a love that accepts suffering. By rejecting
omnipotence, process thought says that God is not directly responsible
for evil. Whereas exponents of kenotic self-limitation hold that the
qualifications of divine omnipotence are voluntary and temporary, for
Whiteheadians the limitations are metaphysical and necessary, though
they are integral to God’s essential nature and not something antecedent
or external to it.
Process theology does call into question the traditional expectation of an
absolute victory over evil. In chapter 5 we traced the historical
development from the prophetic eschatology of God’s Kingdom on
earth to the apocalyptic eschatology of a final supernatural victory.
Process thought is more sympathetic to the former. It holds that God
does not abolish evil but seeks to turn it to good account by transmuting
it and envisaging the larger pattern into which it can be integrated. This
is a God of wisdom and compassion who shares in the world’s suffering
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and is a transforming influence on it, and who also preserves its
accomplishments forever within the divine life. Process thought does
not look to a static completion of history but to a continued journey
toward greater harmony and enrichment. We have seen that subjective
immortality is affirmed by some process theologians, while others
defend only the objective immortality of contributing to God’s
everlasting experience.
In process thought, God’s power over nature is indeed limited. Lowerlevel events are essentially repetitive and mechanical, though this in
itself accords with God’s intentions. Yet even the inanimate included an
infinitesimal element of new potentiality, which only the long ages of
cosmic history could disclose. Continuing creation has been a long, slow
travail, building always on what was already present. Evolutionary
history seems to point to a God who acts not by controlling but by
evoking the response of the creatures.
It is in human life, then, that the greatest opportunities for God’s
influence exist. In religious experience and historical revelation, rather
than in nature apart from humanity, the divine initiative is most clearly
manifest. Here our earlier methodological assertion that theology should
be based on religious experience and historical revelation is supported
by our understanding of God’s mode of action.
3. Criteria for Theological Reformulation
Process theology has been criticized for departing too far from classical
theology. Can its reformulation of the earlier tradition be justified? The
answer must make use of all four of the criteria presented in chapter 2.
The first criterion is agreement with data. This refers to the continued
intersubjective testing of beliefs against the experience of the religious
community. Since all data are theory-laden, and religious experience is
influenced by theological interpretation, this criterion cannot be
decisive, but it is nevertheless important. The process view of God as
creative love accords well with what I described as the Christian
experience of reconciliation. I have suggested that the numinous
experience of the holy can also be adequately accounted for in the
process understanding of God’s transcendence and moral purpose,
despite its emphasis on immanence. The experience of moral obligation
has often been mentioned in process writings. And, of course, the
experience of order and creativity is given a central place in all process
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thought.
Mystical experience of the unity of all things has been less prominent in
the West than in the East, and process thought agrees with the Christian
tradition in rejecting monism. But process theologians have often been
sympathetic to meditative practices and more open to God’s presence in
nature than many forms of Western theology. They have appreciated the
contribution of the Franciscan tradition to environmental awareness and
welcomed the combination of mysticism and concern for nature in
Teilhard’s writing and in some of the classical Christian mystics.
I suggested earlier that the stories and rituals of a tradition are part of the
data that must be interpreted. This would mean that process insights
should be tested against the biblical record and the subsequent life of the
religious community, rather than against previous theological
formulations alone. The Bible itself is a diverse document, and process
thought seems more in tune with some of its themes than with others.
We have said, for example, that it finds prophetic eschatology more
consistent with the overall biblical message than apocalyptic
eschatology. Process theology directs attention to Christ’s life and the
suffering love of the cross, and it sees the resurrection as evidence of the
transforming power of that love rather than as an independent
manifestation of God’s power.
The second criterion is coherence. Any reformulation must be consistent
with the central core of the Christian tradition. We saw that, according
to Lakatos, the "hard core" of a tradition may be protected by making
modifications in "auxiliary hypotheses" in order to accommodate
discordant data. I take the central core of Christianity to be belief in God
as creative love, revealed in Christ. Omnipotence is then treated as an
auxiliary hypothesis, which can be modified to accommodate the data of
human freedom, evil and suffering, and an evolutionary cosmos. I have
suggested that the new view of nature requires reformulating our
understanding of God’s relation to nature, but this can be done without
abandoning the tradition’s core.
Process theology deserves high marks for internal coherence. It brings
together within a single set of basic categories the divine initiatives in
nature, history, religious experience, and the person of Christ. I
maintained that this coherence is also expressed in the biblical idea of
the Holy Spirit at work in all of these spheres. This can in turn help us to
integrate the personal, social, and ecological dimensions of our lives.
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Scope is the third criterion. Process thought seeks comprehensiveness in
offering a coherent account of diverse types of experience -- scientific,
religious, moral, and aesthetic. It tries to articulate an inclusive world
view. It pays a price in the abstractness of its concepts, but its basic
categories allow for a greater diversity of types of experience than most
metaphysical systems. In particular, the idea of levels of experience and
evolutionary emergence provide a better balance between continuity and
discontinuity (both in history and in ontology) than do either materialist
or dualist alternatives. Process theology is responsive to the experience
of women as well as men. Its scope is also broad in its openness to other
religious traditions. It can accept the occurrence of divine initiative in
other religious traditions, while maintaining fidelity to the central core
of the Christian tradition, in accordance with the path of dialogue in a
pluralistic world.
Fertility is the fourth criterion. Lakatos says that a program is
progressive only if it leads to new hypotheses and experiments over a
period of time. Process thought has stimulated creative theological
reflection, and it has been extended to new domains and disciplines in
recent decades. But the fertility of religious ideas has many dimensions.
Is ethical action encouraged and sustained? Process theologians have
given distinctive analyses of some of the most urgent problems of our
times, such as the ecological crisis and social injustice. Process theology
has the capacity to nourish religious experience and personal
transformation. It must be expressed in individual religious life,
communal worship, and social action, as well as in theological
reflection. I believe that by these four criteria the reformulations of
classical tradition proposed in process theology are indeed justified.
IV. Conclusions
Theology is critical reflection on the life and thought of the religious
community. The context of theology is always the worshiping
community. Religious experience, story, and ritual are the starting
points for articulating doctrines and beliefs.
The biblical tradition starts with response to God as Redeemer. For the
Christian community, renewal and wholeness have been found through
confrontation with historical events. Here people have known release
from insecurity and guilt, from anxiety and despair; here they have
discovered, at least in a fragmentary way, the power of reconciliation
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that can overcome estrangement. Here they have come to know the
meaning of repentance and forgiveness and of the new selfunderstanding and release from self-centeredness that are the beginning
of the capacity for love. They can only confess what has occurred in
their lives: that in Christ something happened that opens up new
possibilities in human existence. The purpose of creation is made known
in Christ, "the new creation," who is at the same time the full flowering
of the created order and the manifestation of continuing creation. The
power of God is revealed as the power of love. God is thus encountered
in historical events, in the creative renewal of personal and social life, in
grace that redeems alienation. These aspects of the biblical witness are
well represented in neo-orthodoxy, existentialism, and linguistic
analysis.
But I have urged that while theology must start from historical
revelation and personal experience, it must also include a theology of
nature that does not disparage or neglect the natural order. In neoorthodoxy, nature remains the unredeemed stage for the drama of human
redemption. In existentialism, the world is the impersonal setting for
personal existence, and religion is radically privatized and interiorized.
In linguistic analysis, discourse about phenomena in the natural order
has no functions in common with discourse about God. These positions
minimize the continuity between nature and grace, between impersonal
and personal realms, and between language about nature and language
about God. But the Bible itself takes a predominantly affirmative
attitude toward the natural world; God is Lord of all of life, not of a
separate religious realm. The biblical God is Creator as well as
Redeemer.
Each of the models of God examined in this chapter has its strengths and
its shortcomings. The monarchical model dwells on the transcendence,
power, and sovereignty of god. These attributes correspond to the
numinous experience of the holy. This model was already present in the
biblical view of God as Lord and King. It is appropriate for many
aspects of the three main biblical stories: the grandeur of the creation
narrative, the liberating events of the exodus and covenant, and the
transforming experience of the resurrection of Christ. Some parts of
science are in keeping with this model: the awesome power of the Big
Bang, the contingency of the universe, the immense sweep of space and
time, and the intricate order of nature. But the elaboration of this model
in the classic doctrines of omnipotence and predestination conflicts with
the evidence of human freedom, evil and suffering, and the presence of
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chance and novelty in an evolutionary world.
The neo-Thomist model of worker and tool (or double agency) shares
many of the strengths of the monarchical model. It is expressed in the
idea of primary and secondary causes, which operate on totally different
planes. Some scientists welcome this idea, since it upholds the integrity
of the natural causal nexus. God’s normal role is to maintain and concur
with the natural order, yet all events are indirectly predetermined in the
divine plan. Thus all the problems inherent in the concept of
omnipotence are still present. Furthermore, any particular divine
initiatives (in Christ, or in grace in human life) are supernatural
interventions of a totally different kind. Creation and redemption are
contrasting rather than similar modes of divine action.
The kenotic model of God’s voluntary self-limitation answers many of
the objections to the monarchical model. Here the proposed analogies
are artistic creativity and parental love. Love always entails
vulnerability, reciprocity, and temporality rather than impassibility,
unilateral power, and unchanging self-sufficiency. God’s self-limitation
allows for human freedom and the laws of nature, and it thereby renders
the problems of evil and suffering more tractable. Yet because the selflimitation is voluntary it does not imply any inherent limitation in God’s
ultimate power. Such a view accords with the Christian experience of
reconciliation and with many features of the biblical witness, such as
Israel’s free choice in accepting the covenant and Christ’s acceptance of
the cross. It also seems to fit the pattern of evolutionary history as a long
and costly process. I find it a very valuable contribution to theological
reflection. It shares many of the assumptions of process theology. When
its metaphysical implications are systematically developed, I expect that
it will move even closer to process views.
Existentialist authors rightly insist that personal involvement, decision,
and commitment are essential characteristics of the religious life. We are
participants in the story, not detached spectators. We encounter God as
individuals in the I-Thou dialogue of personal life. But existentialism
tends to leave Out the social context of dialogue, the religious
community. And it leaves out the natural context, the community of life.
Restricting God’s action to the sphere of selfhood and viewing nature as
an impersonal system governed by deterministic laws leads to an
absolute separation of spheres. I have suggested that such a sharp line
between humanity and nonhuman nature is not consistent with either
biblical religion or current science. Nor does existentialism provide the
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basis for an environmental ethic.
The model of God as agent is in keeping with the biblical identification
of God by actions and intentions. The linguistic analysts who use this
model have made helpful distinctions between the functions of scientific
and religious language, but they have ended by isolating them in
completely separate spheres. Causes and intentions should be
distinguished, but they cannot remain totally unrelated, in either human
or divine action. When Wiles and Kaufman speak of cosmic history as
one divine action, they have given up the biblical understanding of
particular divine initiatives, and they have jeopardized both divine and
human freedom.
The model of the world as God’s body emphasizes divine immanence,
which has been a somewhat neglected theme in traditional theology.
Advocates of this model say that the relation of God to the world is even
closer than that of the human mind to the body, since God is aware of all
that is and acts immediately and directly. This model would indeed give
strong encouragement to ecological responsibility. As developed by
Hartshorne, the mind-body analogy can be considered one form of
social analogy, since in process thought a human being is a society of
entities at many levels, with one dominant entity, the mind. I have
argued, however, that the cosmic organism image does not allow
sufficiently for the freedom either of God or of human agents in relation
to each other. It also has difficulty in adequately representing God’s
transcendence.
In the process model, God is a creative participant in the cosmic
community. God is like a teacher, leader, or parent. But God also
provides the basic structures and the novel possibilities for all others
members of the community. God alone is omniscient and everlasting,
perfect in wisdom and love, and thus very different from all other
participants. Such an understanding of God, I have suggested, expresses
many features of religious experience and the biblical record, especially
the life of Christ and the motif of the cross. Process thought is consonant
with an ecological and evolutionary understanding of nature as a
dynamic and open system, characterized by emergent levels of
organization, activity, and experience. It avoids the dualisms of
mind/body, humanity/nature, and man/woman. Of all the views
considered here, it gives the strongest endorsement of environmental
responsibility.
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Process thought represents God’s action as Creator and Redeemer
within a single conceptual scheme. God’s action in the nonhuman and
human spheres is considered within a common framework of ideas. The
biblical stories can be taken as a single story of continuing creation and
renewal, the story of life and new life. The logos, the divine Word, is the
communication of rational structure and personal meaning. The Spirit is
God’s presence in nature, the community, religious experience, and
Christ. Creation and redemption are two aspects of a single continuing
divine activity. We can therefore tell an overarching story that includes
within it the story of the creation of the cosmos, from elementary
particles to the evolution of life and human beings, continuing in the
stories of covenant and Christ -- with a place in it for the stories of other
religious traditions.
In volume 2, I will consider an ethics of obedience and an ethics of
natural law, but I will defend a view of Christian ethics as response to
what God has done and is doing. In previous Christian thought, an
ethics of response has been understood primarily as response to God as
Redeemer rather than to God as Creator. The tradition has also focused
on what God has done, rather than on what God is doing. I will suggest
that an ethics for technology and the environment must involve response
to both redemption and creation, and that in each we must look at both
past and present. The reformulation of the doctrine of creation in the
current volume will thus play an important role in the subsequent
volume.
The process model thus seems to have fewer weaknesses than the other
models considered here. But according to critical realism, all models are
limited and partial, and none gives a complete or adequate picture of
reality. The world is diverse, and differing aspects of it indeed may be
better represented by one model than by another. God’s relation to
persons will differ from God’s relation to impersonal objects like stars
and rocks. The pursuit of coherence must nqt lead us to neglect such
differences. We need diverse models to remind us of these differences.
In addition, the use of diverse models can keep us from the idolatry that
occurs when we take any one model of God too literally. Only in
worship can we acknowledge the mystery of God and the pretensions of
any system of thought claiming to have mapped out God’s ways. We
must also ask which models lead to responsible action in today’s world.
This is the topic of the second volume, which deals with the intersection
of theology, ethics, and technology.
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potential and encourage their creative activity (Pailin, p. 124).
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